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[Abstract] Recurrence following colorectal cancer (CRC) surgery poses a major challenge to long-term patient survival. Early and
accurate prediction of recurrence is essential for formulating individualized adjuvant treatment strategies. Circulating tumor DNA
(ctDNA) and systemic inflammatory markers, such as the neutrophil - to - lymphocyte ratio (NLR) , serve as two important types of
biomarkers, providing prognostic information from the perspectives of tumor molecular residual disease and host immune-inflammatory
responses, respectively. However, the application of either marker alone has certain limitations. This article focuses on exploring the
biological synergistic mechanisms and clinical predictive value of their combined application. ¢ctDNA can directly reflect minimal
residual disease, with its warning window typically occurring several months earlier than radiographic recurrence. Systemic
inflammatory markers, on the other hand, reflect the state of the tumor-associated immune microenvironment. The two are closely
related in the pathophysiological process of “inflammation promoting the release and persistence of ctDNA”. Currently, although
prospective evidence on their combined use is still accumulating, theoretical models and preliminary studies in other cancer types
suggest that combined detection may enable more refined stratification of recurrence risk, thereby guiding individualized clinical
decisions;, including intensified adjuvant therapy and anti-inflammatory interventions. At present, this combined strategy still faces
challenges such as high detection costs, insufficient standardization, and complexity in result interpretation. In the future, rigorous

prospective cohort studies should be conducted, integrating multi - omics data and artificial intelligence analysis to construct and
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validate multimodal prediction models that incorporate ctDNA and inflammatory markers , thereby advancing the precision management

of postoperative recurrence in CRC.

[Key words] colorectal cancer; predictive model; recurrence; biomarker; inflammatory indicator
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Table 1 Comparative characteristics of biomarkers for predicting postoperative recurrence in CRC

ctDNA

Biomarker

Systemic inflammatory indicators

ctDNA+Systemic inflammatory indicators

Biological essence Reflects the genomic char-

acteristics of tumors

NGS, PCR technology

Primary detection
method

Core advantages High sensitivity and speci-
ficity; can reveal specific
gene mutations

May indicate

Prediction time recurrence

window several months earlier than
imaging examination
Potential  implica- Guides intensified adju-

tions for treatment vant therapy for MRD-posi-
decisions tive patients; guides target-
ed therapy

Primary associated Highly correlated with re-

prognostic measures currence-free survival

Main limitations insufficient

High

standardization of detec-

costs

tion process; affected by

tumor heterogeneity

Reflects the systemic immune -

inflammatory status of the body

Calculation from peripheral blood

routine test

Low cost, convenient detection,

repeatable at high frequency

Dynamic monitoring available,
reflecting real - time inflammato-
ry load, but the warning time

window is understudied

Identifies inflammatory status,

suggesting patients who may
benefit from anti - inflammatory

or immunomodulatory therapy

Correlated with both recurrence-

free survival and overall survival

Susceptible to non-tumor factors
such as infection and autoim-
mune

diseases; quantification

standards need to be unified

Simultaneously assesses genomic characteristics
and systemic immune - inflammatory status, pro-
viding a more complete pathophysiological view

Combined application of the above methods

Multi - dimensional assessment with complemen-
tary advantages; may achieve higher predictive
value (research is still insufficient)

Dynamic combined monitoring may establish the

optimal warning window for earlier intervention

Enables more refined risk stratification, guiding
individualized strategies such as ‘intensified
therapy’ , “de-escalation therapy’ or ‘anti-in-

flammatory combined therapy’

May predict recurrence-free survival more accu-

rately

High complexity of integrated analysis

The 34 original studies cited in this study were briefly graded using the GRADE evidence quality grading standard. Among them, 5 randomized con-

trolled trials were high-quality evidence, and 29 cohort studies (including prospective and retrospective cohort studies) were medium-quality evidence.

There was no low-quality or very low-quality evidence.The overall evidence quality is reliable and can provide effective reference for clinical practice of

postoperative recurrence prediction of colorectal cancer.
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Table 2

recurrence of CRC

Core study results of ¢ctDNA combined with systemic inflammatory indicators for predicting postoperative

Core combined

Article Study type

indicators

Core results of )
) Study subjects
recurrence risk

Early detection of molecular residual Prospective
disease and risk stratification for stage cohort study
I to Il colorectal cancer via circulat- cators

ing tumor DNA methylation™”

Evaluation of peripheral blood inflam- Retrospective

mation indexes as prognostic markers cohort study

+ 35
for colorectal cancer metastasis™

temic inflammatory indi- 5.67-18.45)

lymphocyte ratio(NLR)

ctDNA methylation + Sys- HR=10.23(95%CI: Postoperative patients with

stage I =1l colorectal can-

cer

ctDNA + Neutrophil - to - HR=8.72 (95% CI: Postoperative patients with

4.31-17.64)

colorectal cancer

Predictive role of circulating tumor Post-hoc anal- ctDNA +Inflammation-re- HR=12.68(95%CI: Postoperative patients with

DNA in stage Ill colon cancer treated ysis of phase lated markers

with Celecoxib™” I RCT

6.12-26.27)

stage Il colon cancer
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b, B 52 A8 2% o 0L B s kb, A1 3 7m 20 7 2 T AT
FE I HE R B TT N 24, I RS TR A VR 97 7 %
PROE T RBEE .
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SIDFF£E>600, 5 11-6 7/KF>10 pg/mL [ # F, 5
R A ERARS T 0UBH 4 2L, (BT I 2 e T XU 4
Yo BFFT RN, 0T IS R R AT R DT AR AT
T, Fo 5 5 TOI AR A7 R AT IR 2 R T, TR ctDNA
5 9% S H AR 35 9 FF 1 19 £ A58 FH ] =) DS b, 0 I 97
AR AE 2 U R (A8 22 57<2 %) , I T T RS 1
I AR, IX B , B A5 B Bl 0 K i ik 0
B SZ G B TV TT 0 B AR N, AT 8 S 48 24



BAEHSH IR, BZE0R, A 7. JEFR MR DNA BX & R ek SORE 48 b B 45 B e R e =R Fe st e L) .

202645 A

M ERR AR CH AR 2ERRD , 2026, 46(5) : 762-770 - 767 -+

Pz AN AT, SEBLIRTT 3 a5 RS ) e 144
M Z B ctDNA 5 2 5 ROESR bR 45 &, J

AR A 9 I ) K 1 g BB i A O B
“RRIEE” S CHURROA BT AN YRR, M B
BT EACH IR RSB RS 2R R TS
BRUEHE , £ e 16 B 48 IR TT SR EE L PEAL T AL
JLARZH i B SR 55 22 S IR AT, B R I I R )
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AL AL 38 3 BB S5 AN [ B ] i (38 1,345 KD
FIREAS, AR SL R AEAS TN & 1. e, Jib R A St it
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SCRAFEAEZE 5, A ReAE MR I Hh s, 3 00t e
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0 57 e PR S5 A2 1 S T ASE B F R 0 K

ASCAR &5 “ 0L BH M /00 [ 2 7 f1 T 1 43 )2 L 0 DA A2 A
HEVPAN TR R o T V255 1 R , T A Sk 56
R T S AT R A AT ) H SR SRR AL 22 )
LGS DM TN R . DR, R R A
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HT ctDNA ¥R FE 3 752424k 15 NLR 25 40 5 b 14 A 1]
75, R S AR R (N 25 RS VR 2 . U BIF AR
52, 2K F LASSO [e] H i3k AT ¢ A i %6 J5 P45 5 LASSO
-Cox [R5 , REMS A 20 Ab TE T 4R A4 51 1R 51 4% 0 T
Je R, 7 9 S AR Rl (1 R IS AR A7 00 e B
AR T A G A T IR RS BF AR S, T
LASSO-Cox [B] V=144 2 1) % 5 1l PR S BRARRAIE L R TR
i [ 1 2 AT AR A R 4 B 55 bk B 40 e L 4B Calbu-
min-derived neutrophil -to-lymphocyte ratio, Alb-dN-
LR JH) CRC A JG Tl J5 T AL B, 45 - K BAFII o, 4
A5 B Cox 157! C-index ik 0.785, LASSO-Cox Ff i 5 774
C-index 9 0.767, 24 5 Z AL T4£ 48 TNM 43 R 4 (C-
index 0.680) ; £EJ 37 A1 & 56 1iE BA &1 v, 2485 Y o)
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