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Purpose: We aim to investigate the clinical significance of dynamic changes in the lymphocyte-to-monocyte ratio (LMR) and
neutrophil-lymphocyte ratio (NLR) in peripheral blood at different time points combined with CEA in the prediction of postoperative-
recurrence-in-patients with colorectal cancer (CRC).

Patients and Methods: This study collected 357 patients with stage I-1II CRC between 2016 and April 2018. The dynamic changes
from preoperative to postoperative LMR (p-LMR-p) and NLR (p-NLR-p) were analyzed using COX regression for multivariate
analysis. Logistic regression was used to investigate whether the dynamic changes from post-treatment to pre-end of follow-up LMR
(p-LMR-f) and NLR (p-NLR-f) were independent risk factors for CRC recurrence and to construct a predictive model. Internal
validation using bootstrapping was performed to validate the discrimination ability of the model. The models’ discriminative effect,
calibration degree, and clinical utility were assessed.

Results: In both the total cohort and the adjuvant therapy group, the dynamic changes of p-LMR-p (High-High vs Low-Low:
p=0.006; HR:2.210, 95% CI: 1.256-3.890) were found to be independent prognostic factors for recurrence-free survival (RFS) in CRC
patients. Additionally, logistic regression analysis revealed that N stage, CEA, LMR of pre-end of follow-up (f-LMR), and p-LMR-f
were independent risk factors for CRC recurrence. In the total cohort, the p-LMR-f had an area under the curve (AUC) of 0.704, with
a sensitivity of 64% and a specificity of 75.3%. By combining p-LMR-f with CEA, a predictive model was constructed, which showed
an AUC of 0.913 (0.986—0.913) in the total cohort and an AUC of 0.924 (0.902—0.924) in the adjuvant therapy group during internal
validation using bootstrapping.

Conclusion: Dynamic changes in LMR can be used to predict the prognosis of CRC and serve as a biomarker for predicting CRC
recurrence. Combined with CEA, it can improve the predictive performance for detecting CRC recurrence.
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Introduction

Colorectal cancer (CRC) is one of the most common malignant tumors, accounting for approximately 10% of all new
malignant tumors and 9.2% of deaths worldwide, ranking third in incidence and second in mortality of all malignant
tumors, respectively.! With the development of treatment technology, the morbidity and mortality rates in developed
countries are decreasing, but the morbidity rates in the rest of the countries continue to increase. It is estimated that in
2030, the number of new cases and deaths will exceed 2.2 million and 1.1 million, respectively, and the age of onset will
gradually become younger.”> * The primary treatment for colorectal cancer patients is radical surgery and postoperative
adjuvant chemotherapy. Even so, 40% of patients will relapse after radical surgery. Recurrence often manifests as local
recurrence, distant metastasis, and metachronous cancer.’ Of these, 80% of patients will relapse recur within two years,
and 95% will relapse recur within five years. Therefore, long-term follow-up examinations are required after radical
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surgical treatment, often requiring repeated serological CEA, invasive colorectal microscopy, and imaging to monitor the
patient’s disease status. However, the above tests often have disadvantages such as invasive operation, high economic
burden, and poor patient compliance. Therefore, there is an urgent need for an examination modality with clinical
reproducibility, easy detection, and economic features for monitoring the disease status of patients after radical surgery
and predicting patient prognosis.

The persistent increase of inflammatory cells and mediators in the TME often indicates tumor progression.®
Studies show that complete blood count ratios may help understand TME.”® For example, inflammation-related
markers [peripheral blood lymphocyte-monocyte ratio (LMR), neutrophil-lymphocyte ratio (NLR), platelet-
lymphocyte ratio (PLR), etc.] can indirectly reflect changes in immune cells in the TME.””' Most previous
studies on inflammation-related markers have focused on the predictive value of diseases such as CRC, breast
cancer, and pancreatic cancer.!!71° Meanwhile, the UK and the Netherlands studies have found the value of
inflammatory biomarkers for early CRC identification.'®'” Additionally, studies have found that longitudinal
changes in preoperative to post-treatment NLR and LMR can be prognostic factors for CRC.'*'® However, no
studies have been reported on whether dynamic changes in LMR and NLR from post-treatment to pre-end of
follow-up can be used as a biological marker in CRC recurrence patients, whether dynamic changes in LMR and
NLR combined with CEA can improve the diagnostic value of CEA in clinical recurrence further investigation.

This study aims to assess the value of dynamic changes in LMR and NLR or combined with CEA at different time
points (pre-operative, post-treatment, pre-end of follow-up) in clinical recurrence and prediction of prognosis in CRC
patients and to explore an efficient and convenient, non-invasive, economical, and reproducible biological marker to
monitor the disease status of CRC patients.

Materials and Methods

Study Population

Clinical data from 357 patients with stage I-III CRC admitted from January 2016 to April 2018 were included in this
study from the Affiliated Hospital of Jiangnan University. Inclusion criteria: pathological diagnosis of CRC, confirmed
clinical stage I-III according to the TNM staging of AJCC 2017 8th edition, with complete blood count for different
longitudinal periods, such as pre-operative, post-treatment, pre-end of follow-up (relapse or no relapse), and CEA data.
Exclusion criteria: inflammatory bowel disease-related CRC, familial adenomatous polyposis, history of other malig-
nancies, hematologic disorders, autoimmune disorders, history of schistosomiasis, being in an acute infection state
(elevated inflammatory markers), and patients after neoadjuvant therapy were not included in this study. This study was
a retrospective study and the informed consent of all patients was obtained before the study. The Ethics Committee of the
Affiliated Hospital of Jiangnan University approved this research. To ensure patient privacy, all selected patients were
identified by patient number and did not involve personal information.

Data Collection

Data were collected for each patient at three different time points, including absolute neutrophil count, absolute peripheral
blood lymphocyte count, absolute monocyte count, and CEA. Data Collection Period: half a month preoperative, two
months after surgery (without postoperative adjuvant treatment), or within two months after postoperative adjuvant therapy,
and two months before the time of recurrence or within one year before the end of non-recurrence follow-up. All patients
were followed up for at least five years or until disease recurrence. Disease recurrence was assessed primarily by serologic
tumor marker monitoring and confirmed by imaging or pathologic biopsy. Recurrence-free survival (RFS) was defined as
the length of time from radical surgery to confirmation of disease recurrence or the end of follow-up.

Statistical Analysis

The optimal cut-off values of LMR, NLR, and CEA are obtained based on the receiver operating characteristic curve
(ROC) and the Youden index. Categorical variables were analyzed using the y2 test and Fisher’s exact test. We divided
patients into four distinct groups for both the LMR and NLR based on the preoperative and post-treatment values: low
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preoperative value to low post-treatment value (Low-Low), high preoperative value to high post-treatment value (High-
High), low preoperative discount to high post-treatment value (Low-High), and high preoperative value to low post-
treatment value (High-Low). Further classification of post-treatment LMR (pos-LMR) or NLR (pos-NLR) and pre-end of
follow-up LMR (f-LMR) or NLR (f-NLR) into Low-Low, High-High, Low-High, and High-Low subgroups was
conducted. Kaplan -Meier survival curves were generated and then compared by Log rank testing. The multivariate
Cox regression analysis adjusted the model for prognostic clinicopathological factors significantly associated with RFS in
univariate analysis. Logistic regression analysis assessed independent risk factors associated with recurrence in CRC
patients. Model fitting, nomogram presentation, model validation, and evaluation of prediction effectiveness were
performed using the R.4.1.2 programming software. All statistical tests were two-sided; p-values less than 0.05 were
considered statistically significant. All analyses used IBM SPSS software version 26 and R (Version 4.1.2).

Results

Baseline Characteristics of CRC Patients

A total of 723 patients underwent post-radical CRC surgery from January 2016 to April 2018: 141 patients with missing
preoperative or post-treatment data, One case of CRC associated with inflammatory bowel disease, 47 patients under-
going neoadjuvant therapy before surgery, three patients with autoimmune disorders, 47 patients in an infected state, 68
patients with a history of other cancers, 11 patients with parasitic infections, three patients with familial adenomatous
polyposis, and 45 patients with missing follow-up. Three hundred fifty-seven patients met the inclusion criteria. Two
hundred thirty-eight patients received adjuvant therapy, while 119 cases underwent surgery alone (Figure 1).

The total cohort was predominantly male patients (58.3%) (Table 1). The primary site of the tumor was primarily the
left-sided colon (42.1%); however, in the adjuvant therapy group, the majority of cases are focused on rectal cancer
(45.8%) (Supplementary Table 1). Tissue differentiation was predominantly moderately differentiated adenocarcinoma
(51.5%), and most patients had T stage 4 (67.4%), and most patients did not have lymph node metastasis (59.7%). Low
LMR group were mainly observed in the pre-LMR and pos-LMR, and recurrence was observed in 37.8% and 35.8% of

All operated CRC patients
n=738

Pre-operative or post-treatment data missing
— n=141
\

Remaining patients
n=597

In an infected state n=47
Inflammatory bowel disease n=1
Familial adenomatous polyposis n=3
_—> Undergoing neoadjuvant therapy n=47
\ Parasitic infection n=11

Other cancers n=68

Autoimmune disorders n=3

Remaining patients
n=417

—

Missing follow-up n=45

\

Total Cohort
n=357

|
v ¥

Adjuvant therapy group Surgery group
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post-treatment to end of the
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Figure | Flow chart of the patient cohort based on inclusion and exclusion criteria.
Abbreviations: LMR, lymphocyte-to-monocytes ratio; n, number.
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patients in the Low group. The High group (33.1%) showed a predominance of f-LMR, while 71.4% of patients in the
Low group experienced recurrence. The dynamics of LMR were dominated by the Low-Low group (p-LMR-p:40.9%,
p-LMR-£:20.7%). However, regarding pre-NLR and pos-NLR, the Low group is predominant (82.6%/92.2%) (Table 1).
As for pre-to-post treatment NLR (p-NLR-p), the High-High group (69.7%) is mainly represented. On the other hand,
post-treatment to the pre-end of follow-up NLR (p-NLR-f) is evenly distributed between the Low-Low group (17.4%)
and the High-High group (19.9%) (Table 1). There were 114 (31.8%) patients who relapsed during follow-up. Specific

patient baseline characteristics are shown in Table 1, Supplementary Tables 1 and 2.

We evaluated longitudinal changes in LMR and NLR from radical surgery to recurrence at multiple time points,
including pre-operative, post-treatment, and pre-end of follow-up. The optimal cut-off values of CEA, LMR, and NLR at
different time points were obtained based on the ROC curve and the Youden index; the optimal cut-off values are shown

for different time points in Supplementary Table 3, with LMR or NLR >cut-off as the High group and <cut-off as the

Low group (original data of LMR are shown in Supplementary Table 4).

Table | Baseline Clinicopathologic Characteristics of Patients

Clinicopathological Characteristics Patient Distribution (n =357)
Total Relapse No Relapse
n =357 (%) | n=114 (%) | n=243 (%)

Age

<=70 290 (81.2) 9l (31.4) 199 (68.6)

>70 67 (18.8) 23 (34.3) 44 (65.7)
Gender

Female 149 (41.7) 38 (25.5) 111 (74.5)

Male 208 (58.3) 76 (36.5) 132 (63.5)
T stage

| 9 (2.5) I (I1.T) 8 (88.9)

2 69 (19.3) 17 (24.6) 52 (75.4)

3 58 (16.2) 24 (41.4) 34 (58.6)

4 221 (61.9) 72 (32.6) 149 (67.4)
N stage

0 213 (59.7) 39 (18.3) 174 (81.7)

| 91 (25.5) 41 (45.1) 50 (54.9)

2 53 (14.8) 34 (64.2) 19 (35.8)
Grade

High 38 (10.6) 11 (28.9) 27 (71.1)

Mod 184 (51.5) 6l (33.2) 123 (66.8)

Low 135 (37.8) 42 (31.1) 93 (68.9)
Site

Right-sided colon 69 (19.4) 22 (31.9) 47 (68.1)

(Continued)
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Table | (Continued).
Clinicopathological Characteristics Patient Distribution (n =357)
Total Relapse No Relapse
n =357 (%) | n=114 (%) | n=243 (%)
Left-sided colon 150 (42.1) 42 (28.0) 108 (72.0)
Rectum 137 (38.5) 50 (36.5) 87 (63.5)
Adjuvant therapy
Yes 238 (66.7) 90 (37.8) 148 (62.2)
Chemotherapy 207 (58.0) 77 (37.2) 130 (62.8)
Chemoradiotherapy 31 (8.7) 13 (41.9) 18 (58.1)
No 119 (33.3) 24 (20.2) 95 (79.8)
Pre-LMR
High 161 (45.1) 40 (24.8) 121 (75.2)
Low 196 (54.9) 74 (37.8) 122 (62.2)
Pos-LMR
High 128 (35.9) 32 (25.0) 96 (75.0)
Low 229 (64.1) 82 (35.8) 147 (64.2)
f-LMR
High 118 (33.1) 39 (33.1) 79 (66.9)
Low 91 (25.4) 65 (71.4) 26 (28.6)
Absent 148 (41.5) 10 (6.8) 138 (93.2)
p-LMR-p change group
High to High 77 (21.6) 16 (20.8) 61 (79.2)
Low to High 51 (14.3) 16 (31.4) 35 (68.6)
High to Low 83 (23.2) 24 (28.9) 59 (71.1)
Low to Low 146 (40.9) 58 (39.7) 88 (60.3)
p-LMR-f change group
High to High 69 (19.3) 20 (29.0) 49 (71.0)
Low to High 49 (13.7) 19 (38.8) 30 (61.2)
High to Low 17 (4.8) 12 (70.6) 5(294)
Low to Low 74 (20.7) 53 (71.6) 21 (28.4)
Absent 148 (41.5) 10 (6.8) 138 (93.2)
Pre-NLR
High 62 (17.4) 29 (46.8) 33 (53.2)
Low 295 (82.6) 85 (28.8) 210 (71.2)
(Continued)
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Table | (Continued).

Clinicopathological Characteristics Patient Distribution (n =357)

Total Relapse No Relapse
n =357 (%) | n=114 (%) | n=243 (%)

Pos-NLR
High 28 (7.8) 10 (35.7) 18 (64.3)
Low 329 (922) | 104 (31.6) | 225 (68.4)

£-NLR
High 137 (384) | 57 (41.6) | 80 (58.4)
Low 72 (20.1) 47 (653) | 25 (347)
Absent 148 (41.5) | 10 (6.8) 138 (93.2)

p-NLR-p change group

High to High 249 (69.7) | 86 (34.5) 163 (65.5)
Low to High 45 (12.6) 7 (15.6) 38 (84.4)

High to Low 46 (12.9) 16 (348) | 30 (65.2)

Low to Low 17 (4.8) 12 (706) | 5(294)

p-NLR-f change group

High to High 71 (19.9) 42 (59.2) | 29 (40.8)
Low to High 33 (9.2) 20 (60.6) 13 (39.4)
High to Low 43 (12.0) 14 (326) | 29 (67.4)
Low to Low 62 (17.4) 28 (452) | 34 (54.8)
Absent 148 (415) | - -

Notes: pre-LMR, preoperative lymphocyte-to-monocytes ratio; pos-LMR, post-treatment lymphocyte-to
-monocytes ratio; f-LMR, lymphocyte-to-monocytes ratio of pre-end of follow-up; p-LMR-p change
group, the dynamic changes of lymphocyte-to-monocytes ratio from preoperative to post-treatment;
p-LMR-f change group, the dynamic changes of lymphocyte-to-monocytes ratio from post-treatment and
pre-end of follow-up; pre-NLR, preoperative neutrophil-lymphocyte ratio; pos-NLR, post-treatment
neutrophil-lymphocyte ratio; f-NLR, neutrophil-lymphocyte ratio of pre-end of follow-up; p-NLR-p
change group, divided by preoperative and post-treatment neutrophil-lymphocyte ratio; p-NLR-f change
group, the dynamic changes of neutrophil-lymphocyte ratio from post-treatment to pre-end of follow-up.
Abbreviations: LMR, lymphocyte-to-monocytes ratio; NLR, neutrophil-lymphocyte ratio; Mod, moder-
ate; n, number.

However, in our analysis, we found that in the COX univariate analysis, pre-NLR (p=0.002) in the total cohort, pre-
NLR (p=0.007) and p-NLR-p (Low-Low vs High-High: p=0.014) in the adjuvant therapy group were statistically
significant (Table 2). After adjusting for confounding factors, in the overall cohort, pre-NLR (hazard ratio (HR):
2.039, 95% confidence interval (CI): 1.331-3.122; p=0.001) still remained statistically significant. In the adjuvant
therapy group, pre-NLR (HR: 2.114, 95% CI: 1.317-3.394; p=0.002) and p-NLR-p (High-High vs High-Low:
HR:2.060, 95% CI: 1.208-3.514; p=0.008) were identified as prognostic risk factors for CRC (Supplementary
Table 5). However, in the logistic analysis, p-NLR-f did not show statistical significance in the total cohort and the
adjuvant therapy group (Table 3). Therefore, our subsequent analysis will mainly focus on the correlation between
dynamic changes in LMR and CRC recurrence.
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Table 2 Univariate Cox Proportional-Hazard Regression Analysis of Patients’ Recurrence-Free Survival
Characteristics Univariate Analysis
Total Cohort Adjuvant Therapy Group Surgery Group
HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Age

<=70 I (Referent) | (Referent) I (Referent)

>70 1.104 (0.699-1.745) 0.670 1.334 (0.726-2.449) 0.353 1.737 (0.778-3.877) 0.178
Gender

Female | (Referent) | (Referent) | (Referent)

Male 1.563 (1.059-2.307) 0.025 1.721 (1.085-2.731) 0.021 0.841 (0.377-1.877) 0.672
T stage

4 | (Referent) | (Referent) | (Referent)

3 1.338 (0.843-2.12) 0.217 1.222 (0.738-2.023) 0.436 1.842 (0.503-3.045) 0.302

2 0.657 (0.387-1.114) 0.119 0.634 (0.303-1.324) 0.225 1.237 (0.503-3.045) 0.643

| 0.293 (0.041-2.106) 0.222 0 (0-5.422E+180) 0.963 0.702 (0.090-5.481) 0.736
N stage

0 | (Referent) | (Referent) | (Referent)

| 2.975 (1.918-4.615) <0.001 2.360 (1.399-3.982) 0.001 2.592 (1.868-11.288) 0.001

2 5.123 (3.229-8.126) <0.001 4.569 (2.686—7.769) <0.001 2.854 (0.652-12.494) 0.164
Grade

High | (Referent) | (Referent) | (Referent)

Mod 1.179 (0.620-2.240) 0.615 0.567 (0.244-1.315) 0.186 0.796 (0.214-2.965) 0.734

Low 1.044 (0.538-2.028) 0.898 0.610 (0.252-1.478) 0.274 1.199 (0.436-3.300) 0.725
Site

Right colon | (Referent) | (Referent) | (Referent)

Left colon 0.830 (0.496—1.391) 0.480 0.934 (0.527-1.657) 0816 24,682 (0—1.154E+91) 0.921

Rectum 1.155 (0.699-1.906) 0.574 1.060 (0.634-1.772) 0.824 29,511 (0-1.381E+91) 0.919
Adjuvant therapy

No | (Referent)

Yes 2.188 (1.394-3.432) 0.001
Pre-LMR 1.703 (1.159-2.501) 0.007 0.641 (0.415-0.990) 0.045 0.437 (0.173-1.100) 0.079
Pos-LMR 1.523 (1.012-2.291) 0.044 0.637 (0.412-0.983) 0.042 0.349 (0.145-0.841) 0.019
p-LMR-p change group

High to High | (Referent) | (Referent) | (Referent)

Low to High 1.681 (0.840-3.361) 0.142 1.496 (0.740-3.027) 0.262 11,656 (0—1.106E+76) 0.912

High to Low 1.447 (0.769-2.725) 0.252 1.511 (0.747-3.057) 0.251 25,053 (0-2.353E+76) 0.905

(Continued)
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Table 2 (Continued).

Characteristics Univariate Analysis
Total Cohort Adjuvant Therapy Group Surgery Group
HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value
Low to Low 2.200 (1.265-3.827) 0.005 2.037 (1.149-3.610) 0.015 38,468 (0-3.61 IE+76) 0.901
Pre-NLR 1.938 (1.270-2.955) 0.002 1.902 (1.197-3.022) 0.007 2.637 (0.620-11.216) 0.189
Pos-NLR 1.149 (0.600-2.199) 0.675 1.281 (0.792-2.071) 0.313 1.997 (0.683-5.844) 0.207
p-NLR-p change group
Low to Low | (Referent) | (Referent) | (Referent)
Low to High 0.444 (0.141-1.398) 0.165 1.046 (0.558-19.59) 0.889 1.671 (0.206—13.586) 0.631
High to Low 1.131 (0.414-3.087) 0.810 1.783 (1.054-3.018) 0.031 0.951 (0.060-15.213) 0.972
High to High 1.114 (0.452-2.744) 0.815 2.697 (1.223-5.947) 0.014 2.301 (0.304-17.418) 0.420

Notes: pre-LMR, preoperative lymphocyte-to-monocytes ratio; pos-LMR, post-treatment lymphocyte-to-monocytes ratio; p-LMR-p change group, the dynamic
change of lymphocyte-to-monocytes ratio from preoperative to post-treatment; pre-NLR, preoperative neutrophil-lymphocyte ratio; pos-NLR, post-treatment
neutrophil-lymphocyte ratio; p-NLR-p change group, the dynamic change of neutrophil-lymphocyte ratio from preoperative to post-treatment.
Abbreviations: LMR, lymphocyte-to-monocytes ratio; NLR, neutrophil-lymphocyte ratio; Cl, confidence interval; HR, hazard ratio; Mod, moderate.

Table 3 The Result of the Univariate Logistic Regression Analysis

Variables Univariate Analysis
Total Cohort Adjuvant Therapy Group
OR (95% ClI) p-value OR (95% CI) p-value

Age

<=70 I (Referent) - I (Referent) -

>70 1.143 (0.652-2.005) 0.641 1.473 (0.649-3.343) 0.355
Gender

Female | (Referent) - | (Referent) -

Male 1.682 (1.057-2.675) 0.028 1.981 (1.127-3.483) 0.018
T stage

4 | (Referent) - | (Referent) -

3 1.461 (0.807-2.64) 0.211 1.316 (0.675-2.565) 0.420

2 0.677 (0.366—1.252) 0.213 0.658 (0.273-1.584) 0.351

| 0.259 (0.032-2.108) 0.206 0 1.0
N stage

0 | (Referent) - | (Referent) -

[ 3.658 (2.133-6.275) <0.001 2.739 (1.452-5.166) 0.002

2 7.984 (4.126—15.449) <0.001 7.250 (3.420-15.367) <0.001

(Continued)
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Table 3 (Continued).
Variables Univariate Analysis
Total Cohort Adjuvant Therapy Group
OR (95% CI) p-value OR (95% CI) p-value
Grade
High | (Referent) - I (Referent) -
Mod 1.217 (0.566-2.617) 0.615 0.470 (0.137-1.610) 0.229
Low 1.109 (0.5503-2.443) 0.798 0.536 (0.149-1.930) 0.340
Site
Right colon | (Referent) - | (Referent) -
Left colon 0.814 (0.441-1.505) 0.513 0.934 (0.455-1.918) 0.853
Rectum 0.677 (0.411-1.113) 0.124 1.096 (0.570-2.105) 0.784
CEA
Low | (Referent) | (Referent) =
High 40.150 (16.027—-100.582) <0.001 66.648 (18.650-238.173) <0.001
f-LMR
High | (Referent) | (Referent)
Low 5.064 (2.793-9.181) <0.001 5.411 (2.769-10.574) <0.001
p-LMR-f change group
High to High | (referent) | (referent)
Low to High 1.552 (0.715-3.368) 0.267 1.128 (0.454-2.799) 0.796
High to Low 5.880 (1.833-18.864) 0.003 5.637 (1.594-19.936) 0.007
Low to Low 6.183 (2.994-12.769) <0.001 5.637 (2.576-12.336) <0.001
f-NLR
Low | (referent) | (referent)
High 2.639 (1.4594.771) 0.001 2.237 (1.171-4.273) 0.015
p-NLR-f change group
Low-Low | (referent) | (referent)
Low to High 1.868 (0.791—4.410) 0.154 2.150 (0.867-5.334) 0.099
High to Low 0.586 (0.261-1.318) 0.197 0.573 (0.220-1.497) 0.256
High to High 1.759 (0.883-3.501) 0.108 1.536 (0.685-3.443) 0.298
Notes: f-LMR, Lymphocyte-to-monocytes ratio pre-end of follow-up; p-LMR-f change group, the dynamic change in Lymphocyte-to-
monocytes ratio from post-treatment to pre-end of follow-up; f-NLR, Lymphocyte-to-monocytes ratio pre-end of follow-up; p-NLR-f
change group, the dynamic changes of neutrophil-lymphocyte ratio from post-treatment to pre-end of follow-up.
Abbreviations: OR, odds ratio; LMR, Lymphocyte-to-monocytes ratio; NLR, neutrophil-lymphocyte ratio; Cl, confidence interval; Mod,
moderate.
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Correlation Between Dynamic Changes in LMR and Clinicopathological

Characteristics of CRC Patients
In the total cohort, the dynamic changes in p-LMR-p were found to be related to patients’ age (p=0.004) and gender
(p=0.006) (Table 4). However, the age (p=0.096) and gender (p=0.061) of the patients in the adjuvant therapy group did

Table 4 Baseline Clinicopathologic Characteristics of the Dynamic Changes in p-LMR-p of CRC

Patients
Variable p-LMR-p Change Group*
Overall | High-High | Low-High | High-Low | Low-Low p-value
(n=357) n (%) n (%) n (%) n (%)
Age
<=70 290 72 (24.8) 40 (13.8) 70 (24.1) 108 (37.2) 0.004
>70 67 5(7.5) I (16.4) 13 (19.4) 38 (56.7)
Gender
Female 149 43 (28.9) 21 (14.1) 38 (25.5) 47 (31.5) 0.006
Male 208 34 (16.3) 30 (14.4) 45 (21.6) 99 (47.6) -
T stage
| 9 I (11.1) 0 (0.0 7 (77.8) I (11.1) 0.005
2 69 21 (304) 9 (13.0) 20 (29.0) 19 (27.5) -
3 58 7 (12.1) 8 (13.8) 15 (25.9) 28 (48.3) -
4 221 48 (21.7) 34 (154) 41 (18.6) 98 (44.3) -
N stage
0 213 45 (21.1) 28 (13.1) 52 (24.4) 88 (41.3) 0.156
| 9l 27 (29.7) 13 (14.3) 19 (20.9) 32 (35.2) =
2 53 594 10 (18.9) 12 (22.6) 26 (49.1) -
Grade
High 38 7 (184) 4 (10.5) 12 (31.6) 15 (39.5) 0.138
Mod 184 46 (25.0) 28 (15.2) 31 (l6.8) 79 (42.9) -
Low 135 24 (17.8) 19 (14.1) 40 (29.6) 52 (38.5) -
Site
Right-sided colon 69 18 (26.1) 15 (21.7) 6 (8.7) 30 (43.5) 0.008
Left-sided colon 150 24 (16.0) 23 (15.3) 39 (26.0) 64 (42.7) -
Rectum 137 35 (25.5) 13 (9.5) 38 (27.7) 51 (37.2) -
Adjuvant therapy
Yes 238 60 (25.2) 42 (17.6) 40 (16.8) 96 (40.3) <0.001
No 119 17 (14.3) 9 (7.6) 43 (36.1) 50 (42.0)
(Continued)
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Table 4 (Continued).

Variable p-LMR-p Change Group*
Overall | High-High | Low-High | High-Low | Low-Low p-value
(n=357) n (%) n (%) n (%) n (%)
Adjuvant therapy
Chemotherapy 207 52 (25.1) 41 (19.8) 29 (14.0) 85 (41.1) 0.008
Chemoradiotherapy 31 8 (25.8) 1 (3.2) Il (35.5) Il (35.5)
Diabetes
No 324 71 (21.9) 47 (14.5) 74 (22.8) 132 (40.7) 0.900
Yes 33 6 (18.2) 4 (12.1) 9 (27.3) 14 (42.4)
BMI
Normal weight 108 21 (19.4) 17 (15.7) 26 (24.1) 44 (40.7) 0.682
Underweight 9 I (I1.1) I (11.1) 4 (44.4) 3(33.3)
Overweight 32 10 31.3) 5 (15.6) 6 (18.8) Il (34.4)
Obesity 6 I (16.7) I (16.7) 3 (50.0) 1 (16.7)
Absent 202

Note: *The p-LMR-p change group refers to the dynamic change of lymphocyte-to-monocyte ratio from preoperative to post-
treatment.
Abbreviations: LMR, lymphocyte-to-monocyte ratio; Mod, moderate; n, number.

not show statistical significance (Supplementary Table 6). Firstly, in the total cohort, the Low-Low group was more likely
to be male (47.6%, 99/208), and most were older than 70 years (56.7%, 38/67) (Table 4). Additionally, the adjuvant
therapy group and the radical surgery group also exhibited similar characteristics (Supplementary Tables 6 and 7).

Secondly, in the total cohort, patients in the Low-Low group had primary tumor sites mainly in the left hemicolectomy
(42.7%, 64/150) and right-sided colon (43.5%, 30/69), mainly in T stage 3 (48.3%, 28/58) and T stage 4 (44.3%, 98/221)
(Table 4). However, in the surgery group, the primary sites of tumors were predominantly the left colon (43.8%, 35/80)
and rectum (46.4%, 13/28) (Supplementary Table 7). Finally, in the total cohort, the proportion of patients receiving

adjuvant therapy and those undergoing surgery alone is similar in the Low-Low group. In contrast, the High-High group
was more inclined to receive chemotherapy (25.2%, 60/238). In the adjuvant therapy group, patients in the Low-Low

group were more prone to receive chemotherapy (41.1%, 85/207) (Supplementary Table 6). There was no significant

correlation between the N stage of the primary tumor and the degree of pathological differentiation in the whole group
(Table 4, Supplementary Tables 6 and 7).
We found that the dynamic changes in LMR from post-treatment to pre-end of follow-up (p-LMR-f) were associated

with patients’ gender (p<0.001) in the total cohort (Table 5). Firstly, the Low-Low group was more often seen in males
(44%, 55/125), while the High-High group was more commonly observed in females (48.8%, 41/84). Secondly, the
dynamic changes in p-LMR-f were correlated with T stage (p=0.047), N stage (p=0.011), and CEA level (p=0.006), but
not with patients’ age (p=0.05), tumor differentiation (p=0.784) and primary tumor site (p=0.204). However, in the
adjuvant therapy group, there is a significant statistical correlation between the p-LMR-f and patients’ age (p=0.029),
N stage (p=0.010), gender (p=0.002), and CEA levels (p=0.008) (Supplementary Table 8).

In the total cohort, T-stage was more often seen in T3 (37.5%, 15/40) / T4 (37.5%, 50/128) and N-stage was more
often seen in N1 (35.9%, 23/64) and N2 (51.2%, 21/41) in the Low-Low group, whereas in the High-High group, N stage
was more often seen in NO (39.4%, 41/104). The primary tumor sites of patients in the Low-Low group were primarily
found in the left colon (38.7%, 29/75) and rectum (37.9%, 33/87). In contrast, the High-High group had a similar
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Table 5 Baseline Clinicopathologic Characteristics of the Dynamic Changes in p-LMR-f of CRC

Patients
Characteristics p-LMR-f Change Group*
Overall High-High | Low-High | High-Low | Low-Low p-value
(n=209) n (%) n (%) n (%) n (%)
Age
<=70 173 60 (34.7) 44 (25.4) 15 (8.7) 54 (31.2) 0.050
>70 36 9 (25.0) 5(13.9) 2 (5.6) 20 (55.6) -
Gender
Female 84 41 (48.8) 21 (25.0) 3 (3.6) 19 (22.6) <0.001
Male 125 28 (22.4) 28 (22.4) 14 (11.2) 55 (44.0) —
T stage
| 3 0 (0.0) 2 (66.7) 0 (0.0) 1 (33.3) 0.047
2 38 16 (42.1) 13 (34.2) I (2.6) 8 (21.1) -
3 40 12 (30.0) 12 (30.0) 1 (2.5) 15 (37.5) -
4 128 41 (32.0) 22 (17.2) 15 (11.7) 50 (37.5) -
N stage
0 104 41 (394) 29 (27.9) 4 (3.8) 30 (28.8) 0.011
| 64 22 (344) 12 (18.8) 7 (10.9) 23 (35.9) -
2 41 6 (14.6) 8 (19.5) 6 (14.6) 21 (51.2) -
Grade
High 18 6 (33.3) 4 (22.2) 2 (11.1) 6 (33.3) 0.784
Mod 134 45 (36.6) 25 (20.3) 9 (7.3) 44 (35.8) —
Low 68 18 (26.5) 20 (29.4) 6 (8.8) 24 (35.3) -
Site
Right colon 46 17 (37.0) 9 (19.6) 8 (17.4) 12 (26.1) 0.204
Left colon 75 23 (30.7) 18 (24.0) 5 (6.7) 29 (38.7) -
Rectum 87 29 (33.3) 21 (24.1) 4 (4.6) 33 (37.9) -
CEA
Low 89 37 (41.6) 21 (23.6) 5(5.6) 26 (29.2) 0.006
High 78 17 (21.8) 13 (16.7) 8 (10.3) 40 (51.3) -
Unknown 42 - - - - —

Note: *p-LMR-f change group refers to the dynamic change in lymphocyte-to-monocyte ratio from post-treatment to pre-end
of follow-up.
Abbreviations: Mod, moderate; LMR, lymphocyte-to-monocyte ratio.

proportion of distribution in different tumor primary sites. Finally, the dynamic changes in p-LMR-f were also strongly
correlated with CEA (p=0.006), with higher CEA in the Low-Low group compared to other subgroups (51.3%, 40/78). In
comparison, CEA in the High-High group was likelier to be below the optimal cut-off value (41.6%, 37/89) (Table 5).
The abovementioned features are also observed in the adjuvant therapy group (Supplementary Table 8).
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Dynamic Change in LMR from Pre-Operative to Post-Treatment is an Independent

Prognostic Factor for Clinical Recurrence in CRC Patients

In the total cohort and the adjuvant therapy group, univariate analysis of COX regression revealed a significant
association between preoperative LMR (pre-LMR, overall cohort, p=0.007; adjuvant therapy group, p=0.045), pos-
LMR (total cohort, p=0.044; adjuvant therapy group, p=0.042) and the dynamic changes in p-LMR-p (total cohort,
p=0.005; adjuvant therapy group, p=0.015) with clinical recurrence in patients with CRC (Table 2). In the surgery group,
pos-LMR (p=0.019) was identified as a prognostic factor for CRC recurrence, while pre-LMR (p=0.079) showed no
statistical significance (Table 2). Additionally, the gender of patients (p=0.025), N stage (p<0.001), and adjuvant therapy
(p=0.001) are statistically significant in the total cohort. Furthermore, gender (p=0.021) and N stage (p<0.001) are
statistically significant in the adjuvant therapy group. However, in the surgery group, only the N stage showed statistical
significance, while the lack of statistical significance for p-LMR-p may be due to a small sample size of positive cases
(Table 2).

In the total cohort, after adjusting for patient sex, N stage, and receipt of adjuvant therapy, COX multivariate
analysis revealed that pre-LMR (p=0.020; HR: 1.586, 95% CI: 1.075-2.339), pos-LMR (p=0.025; HR:1.615, 95% CI:
1.063-2.453), and the dynamic changes in p-LMR-p (High-High vs Low-Low: p=0.006; HR:2.210, 95% CI: 1.256—
3.890) can serve as prognostic factors for CRC recurrence (Table 6). Furthermore, in the adjuvant therapy group, COX

Table 6 Multivariate Cox Proportional-Hazard Regression Analysis of Patients’ Recurrence-Free Survival

Characteristics Multivariate Analysis
Total Cohort Adjuvant Therapy Group Surgery Group
HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Pre-LMR
Gender

Female | (Referent) I (Referent) - -

Male 1.402 (0.949-2.071) 0.090 1.816 (1.143-2.884) 0.012 - -
N stage

0 I (Referent) I (Referent) -

| 2.782 (1.761-4.396) <0.001 2.655 (1.563—4.507) 0.001 - -

2 4.397 (2.721-7.106) <0.001 4.642 (2.728-7.901) <0.001 - -
Chemotherapy

No | (Referent) -

Yes 1.359 (0.846-2.184) 0.205 =
Pre-LMR 1.586 (1.075-2.339) 0.020 1.611 (1.035-2.507) 0.035 - -

Pos-treatment

Gender
Female | (Referent) I (Referent) -
Male 1.360 (0.918-2.015) 0.125 1.730 (1.085-2.758) 0.021 - -
N stage
0 I (Referent) I (Referent) I (Referent)
(Continued)
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Table 6 (Continued).
Characteristics Multivariate Analysis
Total Cohort Adjuvant Therapy Group Surgery Group
HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

[ 2.724 (1.720-4.314) <0.001 2.465 (1.460-4.161) 0.001 3.955 (1.594-9.811) 0.003

2 4.373 (2.692-7.104) <0.001 4.503 (2.639-7.683) <0.001 2.520 (0.573-11.073) 0.221
Chemotherapy

No I (Referent) - -

Yes 1.479 (0.911-2.401) 0.113 - - - -
Pos-LMR 1.615 (1.063—2.453) 0.025 1.327 (0.852-2.069) 0.211 2.474 (1.016-6.025) 0.046
p-LMR-p change
Gender

Female | (Referent) | (Referent) =

Male 1.344 (0.906—1.994) 0.141 1.764 (1.102-2.823) 0.018 - -
N stage

0 | (Referent) | (Referent) -

[ 2.810 (1.777-4.442) <0.001 2.652 (1.562—4.502) <0.001 — —

2 4.314 (2.657-7.002) <0.001 4.564 (2.673-7.791) <0.001 - -
p-LMR-p change group

High to High I (Referent) | (Referent) -

Low to High 1.546 (0.767-3.116) 0.223 1.535 (0.751-3.138) 0.240 - -

High to Low 1.557 (0.818-2.966) 0.178 I.181 (0.581-2.404) 0.646 - -

Low to Low 2.210 (1.256-3.890) 0.006 1.827 (1.018-3.278) 0.043 - -

Notes: pre-LMR, preoperative lymphocyte-to-monocyte ratio; pos-LMR, post-treatment lymphocyte-to-monocyte ratio; p-LMR-p change group, the dynamic
change of lymphocyte-to-monocyte ratio from preoperative to post-treatment.
Abbreviations: LMR, lymphocyte-to-monocytes ratio; Cl, confidence interval; HR, hazard ratio; Mod, moderate.

multivariate analysis revealed that pre-LMR (p=0.035; HR:1.611, 95% CI: 1.035-2.507) and the dynamic changes in
p-LMR-p (High-High vs Low-Low: p=0.043; HR: 1.827, 95% CI: 1.018-3.278) showed statistical significance.
However, after adjusting for confounding factors in the surgery group, only pos-LMR (p=0.046; HR: 2.474, 95%

CI: 1.016-6.025) showed statistical significance (Table 6).

In the total cohort and the adjuvant therapy group, Kaplan-Meier curves showed that patients with low LMR had
worse prognoses than those in high LMR (Figure 2). Additionally, in the p-LMR-p change group, patients in the High-
High group had better prognosis than those in the Low-Low group. In the adjuvant therapy group, the 75% non-
recurrence survival for the High-High group was 48.1 months, while it was 14.6 months for the Low-Low group. The

Low-High group had a 75% non-recurrence survival of 19.5 months, and the High-Low group had a 75% non-recurrence

survival of 24.5 months (Figure 2).
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Figure 2 Kaplan Meier survival curves demonstrating the relationship between RFS and LMR.

Notes: (A) The relation between RFS and LMR (pre-LMR, pos-LMR, f-LMR) in the total cohort. (B) The connection between RFS and LMR (pre-LMR, pos-LMR, f-LMR) in
the adjuvant therapy group. (C) The association between RFS and LMR (pre-LMR, pos-LMR, f-LMR) in the surgery group.

Abbreviations: pre-LMR, preoperative lymphocyte-to-monocytes ratio; pos-LMR, Lymphocytes-to-monocytes ratio post-treatment; p-LMR-p, the dynamic change of
lymphocyte-to-monocyte ratio from preoperative to post-treatment; RFS, recurrence-free survival.

Dynamic Changes in LMR Post-Treatment Until Relapse or the End of Follow-Up are

Independent Risk Factors for Clinical Recurrence in CRC Patients

Further analysis can be done to investigate whether p-LMR-f can serve as a biomarker for the recurrence of CRC
patients. In the total cohort and the adjuvant therapy group, logistic regression univariate analysis showed that the
patient’s gender, N stage, CEA, f-LMR, and dynamic changes in p-LMR-f were associated with clinical recurrence in
colorectal cancer patients (Table 3). After adjustment for confounding factors, N stage (N2 vs NO, odds ratio (OR)
=6.439, 95% CI: 1.596-25.973, p=0.009), CEA (OR=60.866, 95% CI: 18.560-199.61, p<0.001), f-LMR (OR=4.069,
95% CI: 1.451-11.407, p=0.008), and dynamic changes in p-LMR-f were independent risk factors for clinical recurrence
in patients with CRC (Table 7). In the p-LMR-f change groups, compared to the High-High group, the Low-Low group
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Table 7 The Result of the Multivariate Logistic Regression Analysis
Variables Multivariate Analysis
Total Cohort Adjuvant Therapy Group
OR (95% CI) p-value OR (95% CI) p-value
f-LMR
Gender
Female | (Referent) = | (Referent) =
Male I.141 (0.416-3.130) 0.799 1.586 (0.488-5.161) 0.443
N stage
0 I (Referent) - I (Referent) -
[ 2.920 (0.983-8.67) 0.054 2.901 (0.827-10.178) 0.096
2 6.439 (1.596-25.973) 0.009 7.323 (1.463-36.647) 0.015
CEA
Low I (Referent) I (Referent) -
High 60.866 (18.560-199.61) <0.001 112,115 (21.006-598.383) <0.001
f-LMR
High | (Referent) | (Referent)
Low 4.069 (1.451-11.407) 0.008 4.569 (1.404-14.872) 0.012
p-LMR-f change group
Gender
Female | (Referent) = | (Referent) =
Male I.101 (0.398-3.045) 0.852 1.502 (0.458—4.922) 0.502
N stage
0 I (Referent) - I (Referent) -
| 3.107 (1.028-9.389) 0.044 2.993 (0.840-10.658) 0.091
2 5.435 (1.316-22.444) 0.019 6.217 (1.171-33.012) 0.032
CEA
Low I (Referent) I (Referent) -
High 63.137 (19.052-209.231) <0.001 118.906 (21.732-650.606) <0.001
p-LMR-f change group
High to High | (Referent) | (Referent)
Low to High 2.009 (0.543-7.434) 0.296 1.539 (0.304-7.781) 0.602
High to Low 11.743 (1.349-102.214) 0.026 9.573 (0.963-95.171) 0.054
Low to Low 4.844 (1.416-16.572) 0.012 4.845 (1.176-19.961) 0.029
Notes: f-LMR, Lymphocyte-to-monocytes ratio pre-end of follow-up; p-LMR-f change group refers to the dynamic change in
lymphocyte-to-monocyte ratio from post-treatment to pre-end of follow up.
Abbreviations: OR, odds ratio; Cl, confidence interval; LMR, Lymphocyte-to-monocytes ratio.
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(OR=4.844, 95% CI: 1.416-16.572, p=0.012) and the High-Low group (OR=11.743, 95% CI: 1.349-102.214, p=0.026)
were identified as independent risk factors for CRC recurrence (Table 7). Similar results were also observed in the
adjuvant therapy group. Analysis was not performed in the surgical group due to a small sample size. Also, there was no
multicollinearity among the variables. In the total cohort, the p-LMR-f has an area under the curve (AUC) of 0.704, with
a sensitivity of 64% and a specificity of 75.3%. In the adjuvant therapy group, the p-LMR-f has an AUC of 0.70, with
a sensitivity of 62.5% and a specificity of 75.2% (Supplementary Table 9).

Two diagnostic models were constructed using CEA in combination with f-LMR and p-LMR-f, simultaneously
building nomograms (Supplementary Figure 1). The modell is CEA + p-LMR-f, and the model2 is CEA + f-LMR. The
models were internally validated using the bootstrap method with a C-statistic of 0.913 (95% CI: 0.897—0.913) for the
modell (Figure 3A) and 0.904 (95% CI: 0.904-0.904) for the model2 (Figure 3B) in the total cohort. In the adjuvant

Total Cohort

A
B
Model1:CEA+pLMR
AUC:0.913(0.897-0.913) Model2:CEA+IMR
AUC:0.905(0.905-0.905)
Adjuvant therapy group
c D
Model2.CEALMR
Model1:CEA+pLMRf AUC:0.915(0.915-0.916)

AUC:0.924(0.902-0.924)

Figure 3 The results of ROC curve analysis of the model in the total cohort and adjuvant therapy group.

Notes: The results of the ROC curve were obtained through internal validation of the model using the bootstrap method. (A) The ROC curve of modell (CEA+ p-LMR-f)
in the total cohort. (B) The entire cohort’s ROC curve of model2 (CEA + f-LMR). (C) The ROC curve of the modell (CEA + p-LMR-f) in the adjuvant therapy group. (D)
The ROC curve of the model2 (CEA + f-LMR) in the adjuvant therapy group.

Abbreviations: f-LMR, Lymphocyte-to-monocytes ratio pre-end of follow-up; p-LMR-f, the changes of lymphocyte-to-monocytes ratio from post-treatment to pre-end of
follow-up; ROC, receiver operating characteristic; Cl, confidence interval.
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therapy group, the modell has a C-statistic of 0.924 (95% CI: 0.902—0.924) (Figure 3C), and the model2 has a C-statistic
of 0.915 (95% CI: 0.915-0.915) (Figure 3D). The Modell performs better than model2 in the calibration curve in the
overall cohort and the adjuvant therapy group (Supplementary Figure 2).

When the threshold probability is between 0.1 and 0.9, the net benefit is more excellent than “treat all” or “no treatment”
or CEA alone when using the modell and model2 prediction models to make clinical decisions. Also, the net benefit available
for the modell is higher than the model2 when the threshold probability is between 0.1 and 1.0 (Figure 4). Secondly, we
analyzed the clinical efficiency of the model (Supplementary Figure 3). When the threshold probability was greater than 45%

of the predicted score probability value in the modell of the adjuvant therapy group, the prediction model showed that the
population at high risk of CRC recurrence gave a high match to the actual CRC recurrence population. In summary, the
modell demonstrates better diagnostic performance than the model2 in both the total cohort and the adjuvant therapy group.

Discussion

This study evaluated the potential value of dynamic changes in LMR in the dynamic monitoring recurrence after radical
surgery in CRC patients. We found dynamic change in p-LMR-p was an independent prognostic factor for RFS in CRC
patients. Additionally, the dynamic changes in p-LMR-f can be used as diagnostic biomarkers for CRC recurrence in the
total cohort and adjuvant therapy group, AUC: 0.704, with a sensitivity of 64% and a specificity of 75.3%. The dynamic
changes in p-LMR-f and the synergistic effect of CEA can improve the diagnostic performance for CRC recurrence. In
the overall cohort, the AUC was 0.913 (95% CI: 0.897-0.913). In the adjuvant therapy group, the AUC was 0.924 (95%
CI: 0.902-0.924).

A B
0.61 061
4 4 \
0.4 \\ 0.4 \
A}
\ A
\
\‘ \
= \
\ \\ \ \ Q
\ \ model1 A \\ TN model1
z RN - model2 g SN -~ model2
2 NN ) — CEA 2 AN — CEA
o 021 ‘AN S 024 LN
m RN = pLMRf m RN = pLMRf
k] RN -+ fLMR k] NN -+ fLMR
z RN Al = RN Al
-\ \ None -\ \ None
\ \ +\ \
\ \
) \ \ \
\
0.04 “_ > 0.04 \ Y
-0.2- -0.2-
0.00 0.25 050 0.75 1.00 0.00 0.25 0.50 0.75 1.00
Risk Threshold Risk Threshold

The DCA curve of the prediction models
(adjuvant therapy group)

The DCA curve of the prediction models
(total cohort)

Figure 4 The Decision Curve analysis (DCA) results of the prediction model.

Notes: (A) The results of the DCA of the prediction model in the total cohort. (B) The effects of the DCA of the prediction model in the adjuvant therapy group. modell,
CEA+ p-LMR-f; model2, CEA+ f-LMR.

Abbreviations: f-LMR, Lymphocyte-to-monocytes ratio pre-end of follow-up; p-LMR-f, the changes of lymphocyte-to-monocytes ratio from post-treatment to pre-end of
follow-up.
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The dynamic changes in LMR can serve as prognostic factors and predictive biomarkers for CRC recurrence. The
underlying mechanism is likely that LMR indirectly reflects the variations in immune cells within the tumor micro-
environment. The infiltration quantity and phenotype of immune cells in the tumor microenvironment can impact the
prognosis and recurrence of CRC. Research has suggested a negative correlation between peripheral blood CD4+ T cells
and the infiltration of CD4+ T cells in the tumor microenvironment of Gastric Cancer.'” The high group with CD4+T cell
in peripheral blood showed better 5-year OS than the low group. The low CD4+ T cell infiltration group in tumor tissue
demonstrated better 5-year OS than the high group.'® In colorectal cancer, there is a positive correlation between CD3+
T cells in the invasive front and tumor center and circulating CD3+ T cells (Spearman p=0.558 and p=0.496). Similarly,
CD4+ T cells in the peripheral blood positively correlate with CD3+ T cells in the invasive front and tumor center
(Spearman p=0.598 and p=0.637).%° Furthermore, CD8+ T cells in the invasive front and central tumor tissue correlate
positively with peripheral blood CD4+ T cells (p=0.602 and p=0.591) and CD3+T cells (p=0.541 and p=0.515).%°
Meanwhile, it was pointed out that the number of monocytes in blood was negatively correlated with the expression of
CD3+ T cells in the tumor center.’

Furthermore, the mechanism by which LMR predicts CRC recurrence is also related to the functionality of
lymphocytes and monocytes. Some studies indicated that lymphopenia was a poor prognostic indicator of disease.*'**
Lymphocytes have an anti-tumor effect by producing high levels of anti-tumor cytokines and cytotoxic molecules,
inhibiting different oncogenic pathways (angiogenesis, epithelial-mesenchymal transition), and promoting apoptosis of
tumor cells.”*** However, the anti-tumor immune response of lymphocytes is negatively regulated by tumor cells and
stromal cells such as M2-type TAM and tumor-associated fibroblasts.** Inhibiting TAM activation to M2 type can
increase the number of CD8+ T cells, enhance anti-tumor efficacy, and reshape the TME.*

Monocytes in peripheral blood can be recruited to the TME by chemokines and growth factors to differentiate into
TAM, and M2-type TAM promotes tumor growth, angiogenesis, and suppressing anti-tumor immunity.”'® In addition,
TAM recruits myeloid-derived suppressor cells (MDSC) and T regulatory cells to the TME through chemokines CXCL12
and CCL22 to build an immunosuppressive microenvironment.” Similarly, Shimura et al found a correlation between low
LMR and MDSC, with the low LMR group having a higher proportion of MDSC than the high LMR group.?® While
MDSC can be divided into mononuclear-MDSC and polymorphic MDSC, mononuclear-MDSC can differentiate into
TAM, and polymorphic-MDSC can produce reactive oxygen species, inhibit T-cell function,?” promote T regulatory cell
formation,® and promote tumor progression.

We first analyzed the correlation between the dynamic changes in LMR and the clinicopathological characteristics of
CRC patients. There is a correlation between p-LMR-p and age associated with age-related immune senescence. Immune
senescence primarily manifests as a decline in the number and function of T cells.”” The dynamic changes in p-LMR-p
were correlated with patients’ gender p=0.006), with males more often in the Low-Low group and females in the High-
High group, in line with the findings of Lisanti’s,*® which indicated that women may have a more adaptive and innate
immune system with higher phagocytic efficiency of neutrophils and macrophages than men.?' Regarding lymphocytes,
the number of activated T cells and the proliferation of T cells were higher in women than in men.*?> We found that
dynamic changes in p-LMR-f were significantly correlated with the N stage, and T stage, which were accordant with pre-
LMR alone.'* The study pointed out that positive infiltration of lymphatic vessels and low CD8+ T-cell content in
pathological tumor tissue were independent risk factors for lymph node metastasis.>* Finally, the dynamic changes of
p-LMR-p are correlated with the adjuvant treatment regimen (p=0.008). Radiotherapy primarily affects lymphocytes and
can lead to decreased CD4+ T cells and increased CD8+ T cell levels in colorectal cancer.** Chemotherapy, on the other
hand, mainly leads to a decrease in peripheral blood B lymphocytes, with relatively minor effects on CD4+ T cells and
CD8+ T cells.>® Furthermore, we found that in the low-low group of p-LMR-f, CEA levels were predominantly elevated.
The study showed that elevated levels of CEA were negatively correlated with the expression of CD8+ T cells at the core
of the tumor. In addition, studies have suggested that low LMR was associated with deficient mismatch repair (AIMMR)
or BRAF gene mutations,'* but gene mutations were not analyzed in this study.

We validated that the dynamic changes in p-LMR-p can serve as prognostic factors for determining the prognosis of
CRC in the total cohort (High-High vs Low-Low, p=0.006; HR: 2.210, 95% CI: 1.256-3.890) and adjuvant therapy group
(High-High vs Low-Low, p=0.043; HR:1.827, 95% CI: 1.018-3.278). Other studies have also confirmed that the dynamic
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changes in LMR are risk factors for CRC recurrence in stage III CRC, elevated (persistently high inflammatory) / normal
(preoperatively low inflammatory state): HR: 2.04 (1.39-2.99), p<0.001; normalized (preoperatively high but post-
operatively low inflammatory condition) / elevated: HR 0.60 (0.36-0.98), p<0.041.'"® Meanwhile, Chan et al also found
that dynamic changes in LMR were significantly associated with OS in CRC patients. Compared to the Low-Low group,
the High-High group had an HR of 0.463 (95% CI: 0.324-0.0683).'* In addition, we found that the HR of p-LMR-p is
higher than using pre-LMR or pos-LMR alone. This suggests that p-LMR-p can better identify high-risk individuals.
Survival curves suggest that dynamic changes in p-LMR-p groups benefit the postoperative management of CRC. We
observed that the Low-High group had a 75% recurrence-free survival of 24.5 months, followed by the High-Low group
(19.5 months), close to the Low-Low group (14.6 months). This indicates that p-LMR-p can better distinguish high-risk
patients and facilitate postoperative management than pre-LMR or pos-LMR alone.

We first established that dynamic changes in p-LMR-f are biomarkers for CRC recurrence. Logistic regression
analysis revealed that dynamic changes in f-LMR or p-LMR-f are independent risk factors for CRC recurrence in
patients. In the overall cohort, the p-LMR-f has an AOC of 0.704, with a sensitivity of 64% and a specificity of 75.3%.
Due to the relatively poor diagnostic performance of p-LMR-f when used alone, we combined it with CEA in our study.
CEA is commonly used to monitor the disease status of CRC patients dynamically. However, its clinical sensitivity is
poor and does not allow for early detection of clinical recurrence in CRC patients.*®*” In this study, the optimal cut-off
value of CEA was determined to be 4.1 ng/mL by the ROC curve and Youden index, consistent with previous studies.*®

We developed the first predictive model for CRC recurrence by combining dynamic changes in p-LMR-f and CEA.
Through internal bootstrap validation, we found that the combination of p-LMR-f and CEA significantly increased the
area under the ROC curve (AUC: 0.913), with a sensitivity of 81.7% and specificity of 90.5%. The results of the decision
curve analysis (DCA) for the prediction model show that the use of modell yields higher net benefit compared to using
CEA alone. The modell improved diagnostic performance while avoiding the limitations of low specificity or sensitivity
associated with a single biomarker. Additionally, LMR and CEA testing are simple, rapid, cost-effective, and demonstrate
good reproducibility, making them ideal biomarkers for dynamic monitoring of disease progression. Meanwhile, in this
study, we evaluated both p-LMR-p as a prognostic factor for CRC recurrence and the value of p-LMR-f in combination
with CEA as a diagnostic biomarker for CRC recurrence. The dynamic changes in LMR can longitudinally monitor the
recurrence of CRC after curative surgery.

Our study has the following limitations: studies have suggested that inflammatory biomarkers such as the fibrinogen-
to-lymphocyte ratio (FLR) and NLR can be used to predict the recurrence of colorectal adenomas.*® It is known that
some patients may develop metachronous adenomas after CRC surgery. However, we have not evaluated the changes in
LMR after the occurrence of metachronous adenomas in post-CRC patients nor whether the presence of adenomas affects
the diagnostic performance of LMR for CRC recurrence. Furthermore, due to a small sample size in the surgical group,
we could not evaluate the diagnostic performance of p-LMR-f for CRC recurrence in the surgical group. Moreover, there
is a correlation between radiotherapy and the dynamic changes of p-LMR-p. However, due to a small sample size of
patients who received radiotherapy, the prognostic and diagnostic value of LMR in patients receiving radiotherapy plus
chemotherapy was not further evaluated. Lastly, this study is retrospective from a single center without external
validation. Further prospective studies are needed to validate our findings.

Conclusion

In summary, the dynamic changes of p-LMR-p are prognostic risk factors for CRC recurrence, while p-LMR-f can serve
as a diagnostic biomarker for CRC recurrence. The combination of p-LMR-f and CEA can improve diagnostic
performance. The longitudinal dynamic changes of LMR are beneficial for monitoring the disease status transition in
CRC and facilitating adjustments in postoperative management plans for patients.
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