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Objective: This study aims to elucidate the relationship between postoperative

monocyte count and gastric cancer prognosis. We introduce a standardized

monocyte ratio (MMR) to predict postoperative survival rates in gastric cancer

patients effectively.

Methods: A test cohort was created to develop and evaluate the pre- and

postoperative MMR as a mortality predictor in gastric cancer patients. We used

Kaplan-Meier survival analysis, complemented by univariate and multivariate

analyses. The predictive utility of MMR was assessed via time-dependent ROC

curves and decision-curve analysis.

Results: The sample distributions in both cohorts were similar. The MMR showed

high predictive value and significant clinical benefits in 1, 3, and 5-year overall

survival (OS) assessments. These findings enhance understanding of prognosis

and aid in developing more precise treatment plans.

Conclusions: MMR is confirmed as an independent factor in predicting overall

survival in gastric cancer patients, proving to be a reliable and cost-effective

prognostic indicator.
KEYWORDS
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Introduction

Currently, gastric cancer is recognized as the fifth most common

malignancy globally and is the fourth leading cause of cancer-related

deaths (1). Systemic therapies for gastric cancer, including

neoadjuvant chemotherapy, radiotherapy, and combination

therapies. Pathological findings are the cornerstone for cancer

classification, prediction, and research. However, even with the use

of the TNM staging system, patients at the same disease stage often

experience varying clinical outcomes (2). This discrepancy highlights

the critical need for additional markers to accurately predict

individual clinical outcomes (3, 4). Identifying such markers

promises to significantly improve clinical benefits for our patients.

Monocytes, a type of immune cell derived from the myeloid

lineage, have been extensively studied due to their strong

association with cancer cell growth, invasiveness, and metastasis

(5–7). Upon recruitment to the tumor microenvironment (TME),

monocytes differentiate into macrophages, which exhibit diverse

functional properties. These macrophages can be polarized into the

M1 phenotype, which exhibits anti-tumor properties, or the M2

phenotype, which promotes tumor growth and immune

suppression. The balance between these macrophage subtypes

within the TME has profound implications for tumor

progression, metastasis, and the response to therapy. M1

macrophages generally exert anti-cancer effects by stimulating

pro-inflammatory responses and activating cytotoxic immune

cells, while M2 macrophages contribute to tumor growth,

angiogenesis, and immune evasion through the secretion of anti-

inflammatory cytokines like IL-10 and TGF-b (8–10).

Recent studies have emphasized the prognostic value of

preoperative monocyte counts in predicting survival outcomes in

cancer patients (6, 11). However, factors like gender, age, and

regional differences add complexity to using preoperative

monocyte count.Therefore, it is crucial to evaluate the relevance

of comparing pre- and postoperative monocyte counts. Analyzing

the resulting ratio of postoperative to preoperative monocyte counts

could be a valuable measure for clinical use and personalized

prognosis in gastric cancer patients.

Numerous parameters involving peripheral blood cell analysis

have been introduced to assess survival outcomes in cancer patients

(12–14). These parameters often focus on measuring inflammation,

which is known to be linked to cancer development and progression.

They typically involve calculating ratios of different blood cells related

to neutrophils, lymphocytes, and monocytes, such as the neutrophil/

lymphocyte ratio and the monocyte/lymphocyte ratio (15–17) and

the monocyte/lymphocyte ratio (18–20). It’s important to

acknowledge that tumor development and progression are dynamic

processes, and the predictive accuracy of certain preoperative

indicators for postoperative survival may not be fully reliable.

Furthermore, standardizing these indicators is challenging due to

variations in detection methods and equipment. Considering these

limitations, we have introduced the MMR and established a test

cohort. Our research indicates that MMR independently correlates

with overall survival in gastric cancer patients, thus confirming its

value as a precise prognostic tool.
Frontiers in Oncology 02
Method

Clinicopathological data

Our study involved a patient cohort treated from 2014 to 2018.

Each participant underwent a radical gastrectomy, as depicted in

Figure 1, and was selected based on detailed histopathological

examinations. We established strict exclusion criteria: a history of

any malignancy, use of anti-monocyte drugs, monocyte-related

diseases, stage IV cancer, previous neoadjuvant chemotherapy, or

loss to follow-up. We meticulously collected essential clinical data

from medical records, including demographic information (age,

gender), clinical data (TNM staging, tumor location and size,

histological grade, neurovascular infiltration), and laboratory data

(MMR, monocyte/lymphocyte ratio (MLR), platelet monocyte ratio

(PMR)). Additionally, we gathered patient survival information via

telephone follow-ups.
Laboratory parameters

To mitigate the impact of surgical stress on monocyte counts,

blood samples were collected at least two weeks after surgery. This

timing was chosen to establish baseline values within the week

before surgery, ensuring an accurate representation of the

preoperative status. Additionally, to account for the hidden

effects of postoperative chemotherapy on bone marrow function,

complete blood counts were performed before starting

postoperative chemotherapy. For determining the most effective

cut-off points, we employed the X-tile software (21).Within the

Development cohort, the optimal cut-off values were identified

as MMR (2.03), MLR (0.21), and PMR (530). These specific

thresholds are crucial in understanding the changes in

monocyte counts during the postoperative period. They offer

critical insights into the complex interactions between surgical

stress, chemotherapy, and blood parameters.
Statistical analysis

In the statistical analysis, SPSS was employed. We presented

descriptive statistics for continuous variables with non-normal

distributions using the median and interquartile range. Categorical

variables were displayed in terms of frequency and proportion, and

we utilized the c2 test for their statistical analysis. The Kaplan–Meier

method was applied to assess overall survival (OS). The performance

of the predictive model was evaluated using time-dependent ROC

curves. We examined the relationship between risk factors through

both univariate and multivariate logistic regression analyses. The

multivariate regression analysis included only those variables that

showed statistically significant differences in the univariate survival

analysis. Additionally, we constructed a logistic regression model

to establish a joint index model. The net benefit of this model,

represented as MMR, was estimated using decision curves. A p-value

below 0.05 was considered statistically significant.
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Result

Clinical features

The clinical characteristics and clinicopathological data of the

patients are detailed in Table 1. Both cohorts display similar

distributions of key baseline variables in their clinical data. The

survival curves for all patients across the two cohorts are illustrated

in Supplementary Figure S1, indicating no statistically significant

differences in overall survival (OS) probabilities.
Survival analysis

This study extensively examined the relationship between

prognostic indicators - specifically, the MMR, Monocyte/

Lymphocyte Ratio (MLR), and Platelet/Monocyte Ratio (PMR) -

and their impact on patient outcomes. In the Development cohort,

we observed that an elevated postoperative/preoperative MMR,

alongside MLR and PMR, was strongly associated with reduced

overall survival (OS) in gastric cancer patients undergoing radical

resection. Specifically, the hazard ratios were as follows: MMR: 2.68

(1.96–3.67, p < 0.001), MLR: 1.88 (1.29–2.75, p = 0.001), and PMR:

0.69 (0.51–0.93, p = 0.016) (as shown in Figure 2). Similarly, in the
Frontiers in Oncology 03
Teat cohort, a significant link between MMR and decreased OS was

found in patients undergoing the same surgical procedure, with

hazard ratios of 2.00 (1.47–2.72, p < 0.001), 1.48 (1.10–1.99, p =

0.009), and 1.58 (1.17–2.14, p = 0.003) for MMR, MLR, and PMR,

respectively (refer to Figure 3).
Univariate and multivariate analyses

To evaluate prognostic factors in gastric cancer patients

undergoing radical resection, we executed both univariate and

multivariate analyses. The univariate analysis of the Development

cohort pinpointed critical prognostic factors: age, monocyte-to-

preoperative MMR, monocyte/lymphocyte ratio (MLR), and

platelet/monocyte ratio (PMR), as detailed in Table 2.

Furthermore, the multivariate analysis identified MMR and MLR

as independent predictors of outcome. Within the test cohort,

significant prognostic factors identified through univariate

analysis included age, MMR, and PMR. Multivariate analysis

reinforced the role of age, MMR, and PMR as independent

predictors, as shown in Table 3. These findings underscore

MMR’s role as a standalone predictor of overall survival in gastric

cancer patients, offering a prognostic value that surpasses both MLR

and PMR.
FIGURE 1

A standard flow chart of the patients in this study. MMR, the postoperative monocyte/preoperative monocyte ratio.
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Predictive value for prognosis of
different coefficients

In the Development cohort, composed of patients undergoing

radical gastrectomy for gastric cancer, a time-dependent Receiver

Operating Characteristic (ROC) analysis revealed the superior

prognostic efficacy of the postoperative MMR, as indicated by its

area under the curve (AUC) values. Specifically, MMR demonstrated

AUC values of 0.753, 0.708, and 0.778 for 1-year, 3-year, and 5-year

overall survival (OS), respectively. These figures indicate a more

robust predictive performance compared to other indicators, as
Frontiers in Oncology 04
shown in Figures 4A–C. In the Teat cohort, MMR also displayed

enhanced predictive abilities relative to both the monocyte

lymphocyte ratio (MLR) and the platelet monocyte ratio (PMR),

evidenced by higher AUC values, detailed in Figures 4D–F.
Prognostic value of MMR

Decision curve analysis indicates that the postoperative/

preoperative MMR offers the highest net benefit in predicting

outcomes for gastric cancer within the Development cohort (see

Supplementary Figures S2A–C). This superior net benefit is also

observed in the Teat cohort, further establishing MMR as a robust

prognostic indicator (refer to Supplementary Figures S2D–F). These

results highlight MMR’s reliability in prognostic evaluation. Given

its impressive performance, an in-depth investigation into the

impact of MMR on cancer prognosis is essential. Notably, the 5-

year overall survival rate reaches its peak in both the Development

and Teat cohorts, with the 1-year and 3-year overall survival rates

showing similar trends across these groups (as illustrated in

Figures 5A, B).
Discussion

In recent years, considerable research has focused on deciphering

the complex processes behind monocytes’ role in tumor development

and metastasis. Influenced by tumor cells’ regulatory mechanisms,

monocytes demonstrate the ability to migrate into various tissues

(22). Similarly, monocytes can be recruited to the TME. Influenced by

local factors in this environment (23, 24), they undergo differentiation

and subsequently release cytokines and elements that contribute to

tumor progression (25, 26). Modifying the transcriptional programs

of these tumor-infiltrating, monocyte-derived cells has shown

promising anti-tumor effects in preclinical models (27, 28). A

variety of strategies have been developed to directly modulate these

cells. These include interventions that target key signaling pathways

linked to immune suppression, such as STAT3, NF-kB, and PI3Kg
pathways. Furthermore, synergistic approaches are showing promise

in enhancing pharmacological activities. For example, targeting the

PI3Kg pathway not only hinders the growth of tumor vasculature but

also reduces local immunosuppression. This is achieved by

decreasing the number of immunosuppressive Tumor-Associated

Macrophages (TAMs) and encouraging Tumor-Associated

Dendritic Cells (TADCs) to produce cytokines. These cytokines, in

turn, stimulate effective T cell responses, contributing to a more

robust immune response against the tumor (29). The CD40:CD40

ligand axis presents itself as an appealing target for transforming

immunosuppressive cells into effective Antigen-Presenting Cells

(APCs). Therapies that utilize agonistic CD40 antibodies have

demonstrated effectiveness in disrupting the communication

between Myeloid-Derived Suppressor Cells (MDSCs) and

Regulatory T cells (Tregs). These therapies not only convert

MDSCs into functional cells that prime T cells but also induce

tumoricidal activity in Tumor-Associated Macrophages (TAMs)
TABLE 1 Clinicopathological data and clinical characteristics of patients
in the training and validation cohorts.

Characteristics Development
Cohort

Teat cohort P value

N 238 237

Age, median (IQR) 63.5 (56, 73) 63 (56, 73) 0.938

gender, n (%) 0.271

Male 167 (35.2%) 177 (37.3%)

Female 71 (14.9%) 60 (12.6%)

T.stage, n (%) 0.751

T1-T2 99 (20.8%) 102 (21.5%)

T3-T4 139 (29.3%) 135 (28.4%)

N.stage, n (%) 0.552

No 105 (22.1%) 111 (23.4%)

Yes 133 (28%) 126 (26.5%)

Pathologic.stage,
n (%)

0.723

Stage I 85 (17.9%) 82 (17.3%)

Stage II 48 (10.1%) 55 (11.6%)

Stage III 105 (22.1%) 100 (21.1%)

Tumor size, n (%) 0.480

<5cm 158 (33.3%) 150 (31.6%)

≥5cm 80 (16.8%) 87 (18.3%)

Microvascular
invasion, n (%)

0.822

No 138 (29.1%) 135 (28.4%)

Yes 100 (21.1%) 102 (21.5%)

MMR, median (IQR) 1.932
(1.5148, 2.6179)

2.1375
(1.5758, 2.9026)

0.065

MLR, median (IQR) 0.25733
(0.19962, 0.31957)

0.25914
(0.18099,
0.32056)

0.700

PMR, median (IQR) 496.35
(340.02, 790.91)

564.44
(426.32, 791.51)

0.070
AJCC, American Joint Committee on Cancer; MMR, postoperative/preoperative monocyte
ratio; MLR, monocyte/lymphocyte ratio; PMR, platelet monocyte ratio.
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FIGURE 2

The prognostic significance in patients with gastric cancer in the Development cohort. The postoperative monocyte/preoperative monocyte ratio
(MMR) (A), monocyte/lymphocyte ratio (MLR) (B) and postoperative monocyte/preoperative monocyte ratio (PMR) (C).
FIGURE 3

The prognostic significance in patients with gastric cancer in the Teat cohort.The postoperative monocyte/preoperative monocyte ratio (MMR) (A),
neutrophil/lymphocyte ratio (MLR) (B) and postoperative monocyte/preoperative monocyte ratio (PMR) (C).
TABLE 2 Univariate and multivariate cox regression analyses for overall survival in patients with colorectal cancer of development cohort.

Characteristics Univariate analysis Multivariate analysis

Odds Ratio (95% CI) P value Odds Ratio (95% CI) P value

Age 1.062 (1.035 - 1.090) < 0.001* 1.055 (1.026 - 1.085) < 0.001*

Gender

Male Vs Female 0.620 (0.344 - 1.115) 0.110

T.stage

T1-T2 Vs T3-T4 1.053 (0.603 - 1.840) 0.856

N.stage

Yes Vs No 1.102 (0.632 - 1.922) 0.733

Pathologic.stage

Stage I Vs Stage II 1.122 (0.509 - 2.470) 0.775

Stage I Vs Stage III 0.833 (0.449 - 1.547) 0.563

Tumor size

<5cm Vs ≥5cm 0.806 (0.453 - 1.435) 0.464

(Continued)
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(29). Enhancing our comprehension of the mechanisms that govern

monocyte differentiation within the Tumor Microenvironment

(TME) is crucial for developing future therapies. It is particularly

important to decode the complex behaviors of tumor-infiltrating

myeloid cells, utilizing cutting-edge technologies like single-cell RNA

sequencing. This precise mapping will facilitate a thorough

understanding of the processes by which monocytes evolve into

cells that either promote or inhibit tumor growth.

The prognostic evaluation of preoperative monocyte count in

patients with solid tumors has undergone extensive investigation.

Nevertheless, certain issues warrant additional exploration (30–32).

Firstly, the clinical utility of preoperative monocyte counts faces
Frontiers in Oncology 06
challenges due to a lack of standardization and individualization.

This issue stems from variations across individuals, instruments,

and geographical locations. Secondly, the link between increased

postoperative monocyte count and the risk of cancer recurrence,

along with its impact on prognosis, is not yet fully understood. To

address these challenges, we have introduced the MMR, which is

derived from both post- and pre-operative monocyte counts. This

method is designed to normalize variations in baseline values that

arise from personal, regional, and instrumental differences. As a

result, the MMR effectively captures an individual’s monocyte

dynamics, making it a more reliable and standardized indicator.

This enhances its value in assessing the relationship between
TABLE 2 Continued

Characteristics Univariate analysis Multivariate analysis

Odds Ratio (95% CI) P value Odds Ratio (95% CI) P value

Microvascular invasion

Yes Vs No 0.947 (0.541 - 1.656) 0.848

MMR 3.500 (1.878 - 6.524) < 0.001* 3.630 (1.777 - 7.416) < 0.001*

MLR 2.262 (1.233 - 4.148) 0.008* 3.185 (1.519 - 6.682) 0.002*

PMR 1.855 (1.054 - 3.263) 0.032* 1.677 (0.840 - 3.349) 0.143
CI, Confidence interval; MMR, postoperative/preoperative monocyte ratio; MLR, monocyte/lymphocyte ratio; PMR, platelet monocyte ratio.
*Statistically significant.
TABLE 3 Univariate and multivariate cox regression analyses for overall survival in patients with colorectal cancer of validate cohort.

Characteristics Univariate analysis Multivariate analysis

Odds Ratio (95% CI) P value Odds Ratio (95% CI) P value

Age 0.973 (0.948 - 1.000) 0.047* 0.971 (0.943 - 1.000) 0.049*

Gender

Male Vs Female 1.120 (0.563 - 2.227) 0.746

T.stage

T1-T2 Vs T3-T4 0.964 (0.532 - 1.749) 0.905

N.stage

Yes Vs No 1.394 (0.768 - 2.532) 0.275

Pathologic.stage

Stage I vs Stage II 1.452 (0.620 - 3.398) 0.391

Stage I vs Stage III 0.790 (0.407 - 1.534) 0.486

Tumor size

<5cm Vs ≥5cm 1.301 (0.697 - 2.429) 0.408

Microvascular invasion

Yes Vs No 1.390 (0.770 - 2.512) 0.275

MMR 4.158 (2.206 - 7.835) < 0.001* 4.487 (2.216 - 9.086) < 0.001*

MLR 1.782 (0.964 - 3.293) 0.065 3.930 (1.855 - 8.327) < 0.001*

PMR 2.304 (1.264 - 4.200) 0.006* 2.253 (1.094 - 4.640) 0.028*
CI, Confidence interval; MMR, postoperative/preoperative monocyte ratio; MLR, monocyte/lymphocyte ratio; PMR, platelet monocyte ratio.
*Statistically significant.
frontiersin.org

https://doi.org/10.3389/fonc.2025.1514281
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Jiang et al. 10.3389/fonc.2025.1514281
postoperative monocyte counts and survival outcomes in patients

undergoing radical resection for gastric cancer. However, it is

important to acknowledge the limitations of the MMR in fully

capturing the complexity of the TME and the role of TAMs.

Monocyte polarization is a highly intricate process that generates

a variety of macrophage phenotypes, extending far beyond the

traditional M1 and M2 classifications. These diverse macrophage

subsets contribute to a range of immune responses, from pro-

inflammatory activity (M1) to immune suppression (M2), and their
Frontiers in Oncology 07
interactions with tumor cells and other infiltrating immune cells are

pivotal in determining tumor progression, metastasis, and response

to therapy. The MMR, while offering a standardized measure of

overall monocyte dynamics, does not directly account for the full

spectrum of macrophage polarization and its interactions within the

tumor microenvironment. Thus, while MMR provides an

important prognostic tool, it should be interpreted with caution,

as it may not fully reflect the intricate and dynamic interactions

between different macrophage subsets, tumor cells, and other
FIGURE 4

The predictive ability of the MMR, MLR, PMR, by time-dependent receiver operating characteristic (ROC) curves in 1 year, 3 years, and 5 years in the
Development cohort (A–C) and Teat cohort (D–F) in gastric cancer.
FIGURE 5

The predictive ability of the MMR in gastric cancer by time-dependent receiver operating characteristic (ROC) curves in the Development cohort
(A) and Teat cohort (B) in 1 year, 3 years, and 5 years.
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immune infiltrates. Further research is needed to explore the

relationship between monocyte polarization, TAM phenotypes,

and clinical outcomes in gastric cancer.

This study investigated the prognostic assessment capabilities of

three factors—the MLR, PMR, and MMR—in patients diagnosed

with gastric cancer at two independent medical centers. Our

analysis identified a significant correlation between elevated MMR

levels and unfavorable prognosis in patients undergoing radical

resection for gastric cancer. Notably, MMR stood out as an

independent predictive factor for overall survival in both the

primary and Teat cohorts. In comparison to NLR and MLR,

MMR displayed a superior prognostic value in predicting patient

outcomes across both cohorts. These findings suggest that a

sustained increase in postoperative monocyte levels is associated

with negative patient outcomes, implying that a rise in monocyte

count may contribute to tumor cell resurgence and proliferation

after surgical intervention. Therefore, dynamic monitoring of

postoperative monocyte levels is promising as an indicative

measure for patient prognosis. Interestingly, upon reviewing the

data, we found that while staging traditionally plays a critical role in

determining prognosis, it was not associated with prognosis in our

cohort. We speculate that although staging remains an important

prognostic factor, its predictive power may be moderated by other

clinical variables, such as the use of neoadjuvant therapy and the

overall tumor burden at diagnosis.

The association between the MMR and prognosis in gastric

cancer may be attributed to several potential mechanisms that

reflect the complex interplay between the immune system and

TME. The MMR in gastric cancer reflects the balance between

two macrophage subtypes, M1 and M2, which play opposite roles in

tumor progression. M1 macrophages promote anti-tumor

immunity by releasing pro-inflammatory cytokines and activating

immune cells like cytotoxic T-cells, while M2 macrophages support

tumor growth and metastasis by fostering immune suppression,

angiogenesis, and extracellular matrix remodeling. A higher MMR,

with more monocytes than macrophages, suggests an inflammatory

environment that favors M1 polarization and a better prognosis.

Conversely, a lower MMR, with more M2 macrophages, indicates

immune evasion and worse clinical outcomes. The MMR also

reflects the systemic inflammatory state, influencing tumor

progression and response to treatments like immunotherapy and

chemotherapy. Therefore, MMR serves as a potential prognostic

marker for gastric cancer by indicating immune dynamics in the

tumor microenvironment.

Given the significant predictive efficacy of the postoperative/

preoperative MMR, we conducted an extensive analysis to

determine its prognostic significance in patients undergoing

radical resection for gastric cancer. Crucially, the inclusion of

MMR indicators revealed enhanced predictive capabilities,

consistently demonstrating a strong prognostic ability in both the

experimental and test groups.

The evaluation of peripheral blood counts plays a vital role in

preoperative assessments and postoperative follow-up protocols. In

this context, MMR emerges as an accessible, cost-effective, and

reliably reproducible parameter. However, it’s important to
Frontiers in Oncology 08
acknowledge certain limitations of our study. Firstly, the

preoperative and postoperative peripheral blood counts were

collected from the same institution. A single-center study may limit

the generalizability of the findings. Our findings should be validated

in a more diverse and broader cohort to confirm the robustness and

applicability of the MMR as a prognostic tool in gastric cancer.

Secondly, our study was based on a retrospective cohort design,

which can introduce biases and limit the ability to establish causal

relationships. Some critical factors, such as treatment methods,

postoperative complications, nutritional status, severe preoperative

infections, significant organic lesions in vital organs, or autoimmune

diseases, were not available in the data collection process. Future

prospective studies with more comprehensive data collection could

minimize potential confounders and enhance the accuracy of the

prognostic model. Thirdly, our analysis did not consider progression-

free survival as an outcomemeasure. Lastly, the exclusive focus on OS

is a limitation and that future research should consider both OS and

progression-free survival.
Conclusion

MMR serves as a dependable metric for evaluating survival

outcomes following radical resection in gastric cancer patients. An

elevated MMR is strongly associated with a negative prognosis,

providing a more objective standard for predicting survival after

such procedures. Additionally, MMR facilitates the stratification of

mortality risk, enabling healthcare professionals to develop more

personalized and effective treatment strategies.
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