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Colorectal cancer (CRC) is one of the most prevalent malignancies worldwide, with high postoperative
recurrence and metastasis rates posing significant challenges to patient survival. Identifying reliable
and accessible prognostic markers is essential for optimizing treatment strategies. This study
investigates the prognostic significance of two preoperative hematological indices, the [neutrophils
x platelets]/[lymphocytes x hemoglobin] (NP/LHb) ratio and absolute monocyte count (Mono), in
predicting overall survival in CRC patients. A retrospective analysis of 566 patients was conducted,
with one cohort serving as an external validation set. Receiver operating characteristic curve analysis
identified optimal cut-off values for NP/LHb and Mono, and Kaplan-Meier survival analysis revealed
that higher levels of both markers were associated with significantly shorter survival. A novel
prognostic model, NPM, integrating NP/LHb and Mono, demonstrated superior predictive accuracy
compared to either marker alone. The NPM model was further validated through a nomogram,
achieving high predictive performance for 1-, 3-, and 5-year survival. These findings highlight the
potential of combining inflammatory and nutritional markers for effective risk stratification in

CRC patients. The NPM model offers a simple, cost-effective prognostic tool that may facilitate
personalized postoperative management, though further prospective validation is warranted.
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Colorectal cancer (CRC) is the third most commonly diagnosed malignancy and the second leading cause
of cancer-related deaths worldwide!. The incidence of CRC has been rising due to shifts in lifestyle, diet, and
environmental factors. Despite advancements in surgical techniques and adjuvant therapies, postoperative
recurrence and metastasis remain major challenges, significantly affecting patient survival and quality of life*>.
Identifying reliable prognostic markers that are simple, accessible, and cost-effective is essential for optimizing
postoperative management and improving clinical outcomes.

The role of inflammation in cancer progression is well established, with chronic inflammation contributing
to tumor proliferation, invasion, and immune evasion®’. Various inflammation-based prognostic indices, such
as the neutrophil-to-lymphocyte ratio (NLR)S, platelet-to-lymphocyte ratio (PLR)”, and systemic immune-
inflammation index (SII)°, have been reported to correlate with poor survival outcomes in cancer patients.
Similarly, nutritional status is a critical determinant of cancer prognosis, influencing immune function,
postoperative recovery, and treatment tolerance!’. Previous studies have shown that anemia, commonly reflected
by low hemoglobin (Hb) levels, is associated with worse survival in CRC patients'"!2.
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A recently developed inflammatory-nutritional composite index, the NP/LHb ratio (calculated as [neutrophils
x platelets] / [lymphocytes x hemoglobin]), has demonstrated predictive potential for CRC development!>!%,
However, its prognostic utility in CRC patients remains unexplored. Additionally, monocytes play a crucial role
in the tumor microenvironment by promoting angiogenesis, immune suppression, and metastasis'>"'”. Given
their involvement in CRC progression, the absolute monocyte count (Mono) may serve as an independent
prognostic factor.

In this study, we hypothesized that combining NP/LHb and Mono could improve prognostic accuracy
for CRC patients. We retrospectively analyzed preoperative NP/LHb and Mono levels in CRC patients and
assessed their association with overall survival (OS). Furthermore, we developed a novel prognostic model,
NPV, integrating these two markers to enhance risk stratification. This study aims to establish a practical and
accessible prognostic tool for CRC patients, providing valuable insights for individualized treatment strategies.

Patients and methods

Study population

This retrospective cohort study included 566 patients diagnosed with primary CRC who underwent radical
surgery between January 2016 and December 2017 at two institutions: the Affiliated Cancer Hospital of Xinjiang
Medical University (training cohort, n=435) and the People’s Hospital of Bortala Mongolian Autonomous
Prefecture (validation cohort, n=131). Patients were included if they had histopathologically confirmed primary
CRC, underwent curative-intent surgery, were older than 18 years, had available preoperative hematological
parameters (measured within one week before surgery), and had complete clinical and follow-up data. Exclusion
criteria included the presence of non-primary CRC or other malignancies, unresectable distant metastases,
hematological or autoimmune diseases, severe hepatic or renal dysfunction, malnutrition, or prior parenteral
nutritional support before surgery. This study was approved by the Ethics Committee of Xinjiang Medical
University Cancer Hospital (Approval No. K-2024056) and the Ethics Committee of the People’s Hospital of
Bortala Mongolian Autonomous Prefecture (Approval No. LLSH20241221) in accordance with the Declaration
of Helsinki, and written informed consent was obtained from all participants or their legal guardians.

Data collection

Clinical and laboratory data were extracted from the electronic medical record systems of both hospitals. The
following parameters were recorded: (1) Baseline characteristics: age, sex, height, weight, smoking status, and
alcohol consumption. (2) Preoperative hematological parameters: platelet count, lymphocyte count, neutrophil
count, monocyte count, hemoglobin level, carcinoembryonic antigen (CEA), and carbohydrate antigen 19-9
(CA-199). (3) Pathological features: tumor differentiation, vascular invasion, perineural invasion, and TNM
staging. (4) Follow-up data: OS and survival duration (months). The NP/LHDb ratio was calculated using the
formula NP/LHDb = (neutrophil count x platelet count) / (lymphocyte count x hemoglobin level) to evaluate its
prognostic significance in CRC patients.

Statistical analysis

All statistical analyses were performed using SPSS v29.0 and R software v4.4.1. Baseline characteristics
were expressed as counts (%) for categorical variables and as means+standard deviation (SD) or medians
(interquartile range, IQR) for continuous variables. Group comparisons were conducted using the chi-square
test (x*) or Fisher’s exact test for categorical variables, the independent t-test or analysis of variance (ANOVA)
for normally distributed continuous variables, and the Wilcoxon rank-sum test for non-normally distributed
variables. Receiver operating characteristic (ROC) curve analysis was performed to determine the optimal cut-
off values for NP/LHb and Mono, with the area under the curve (AUC) used to assess their predictive accuracy.
Kaplan-Meier survival curves were constructed, and differences were compared using the log-rank test, while
restricted cubic spline (RCS) plots were used to evaluate the nonlinear relationship between NP/LHb, Mono,
and mortality risk. A novel prognostic model (NPM) was developed by integrating NP/LHb and Mono, with
scoring criteria as follows: NPM =0 (NP/LHb <5.667 and Mono <0.505), NPM =1 (either NP/LHb>5.667 or
Mono =0.505), and NPM =2 (both NP/LHb>5.667 and Mono =0.505). Multivariate Cox proportional hazards
regression analysis was conducted to evaluate independent prognostic factors. A nomogram was constructed
incorporating NP/LHb, Mono, NPM, and N stage, with predictive performance assessed using ROC curves
(1-, 3-, and 5-year AUC values), calibration curves, and decision curve analysis (DCA). External validation was
performed using the validation cohort, and statistical significance was set at p <0.05.

Results

Clinicopathological characteristics of the study cohort

This study included 566 CRC patients who underwent radical resection, with 435 patients in the training cohort
and 131 patients in the validation cohort. Among them, 59.0% were male, with a median age of 62 years. TNM
staging distribution was as follows: 18.9% in stage I, 45.6% in stage II, 33.9% in stage III, and 1.6% in stage IV.
The majority of tumors were moderately differentiated (83.0%), while 15.2% were poorly differentiated and 1.8%
were well-differentiated. Perineural invasion and vascular tumor emboli were observed in 14.0% and 19.3% of
patients, respectively. Elevated CEA and CA-199 levels were found in 37.1% and 10.1% of patients, respectively.
No significant differences were observed in baseline characteristics between the training and validation cohorts
(Table 1).
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Cohort
Characteristic Overall, N=566 | Training cohort, N=435 | Validation cohort, N=131
Gender
Fermale 232 (41.0%) 182 (41.8%) 50 (38.2%)
Male 334 (59.0%) 253 (58.2%) 81 (61.8%)
Age
<45 years 58 (10.2%) 45 (10.3%) 13 (9.9%)
> 60 years 312 (55.1%) 248 (57.0%) 64 (48.9%)
45-60 years 196 (34.6%) 142 (32.6%) 54 (41.2%)
BMI
<18.5 13 (2.3%) 12 (2.8%) 1 (0.8%)
>28 67 (11.9%) 52 (12.0%) 15 (11.5%)
18.5-24 253 (44.8%) 190 (43.8%) 63 (48.1%)
24-28 232 (41.1%) 180 (41.5%) 52 (39.7%)
Smoking
No 394 (69.6%) 299 (68.7%) 95 (72.5%)
Yes 172 (30.4%) 136 (31.3%) 36 (27.5%)
Drink
No 457 (80.7%) 355 (81.6%) 102 (77.9%)
Yes 109 (19.3%) 80 (18.4%) 29 (22.1%)
T stage
T1 31 (5.5%) 26 (6.0%) 5(3.8%)
T2 90 (15.9%) 72 (16.6%) 18 (13.7%)
T3 398 (70.3%) 303 (69.7%) 95 (72.5%)
T4 47 (8.3%) 34 (7.8%) 13 (10.0%)
N stage
NoO 363 (64.1%) 278 (63.9%) 85 (64.9%)
N1 122 (21.6%) 92 (21.1%) 30 (22.9%)
N2 81 (14.3%) 65 (14.9%) 16 (12.2%)
TNM stage
I 107 (18.9%) 87 (20.0%) 20 (15.3%)
II 258 (45.6%) 193 (44.4%) 65 (49.6%)
11 192 (33.9%) 149 (34.3%) 43 (32.8%)
v 9 (1.6%) 6 (1.4%) 3(2.3%)
Differentiation degree
Moderately 470 (83.0%) 354 (81.4%) 116 (88.5%)
Poorly 86 (15.2%) 72 (16.6%) 14 (10.7%)
Well 10 (1.8%) 9 (2.1%) 1 (0.8%)
Nerve invasion
Negative 487 (86.0%) 365 (83.9%) 122 (93.1%)
Positive 79 (14.0%) 70 (16.1%) 9 (6.9%)
Intravascular tumor emboli
Negative 457 (80.7%) 357 (82.1%) 100 (76.3%)
Positive 109 (19.3%) 78 (17.9%) 31 (23.7%)
CEA
High 210 (37.1%) 156 (35.9%) 54 (41.2%)
Normal 356 (62.9%) 279 (64.1%) 77 (58.8%)
CA-199
High 57 (10.1%) 48 (11.0%) 9 (6.9%)
Normal 509 (89.9%) 387 (89.0%) 122 (93.1%)

Table 1. Baseline clinicopathological characteristics of colorectal cancer patients in the training and validation
cohorts.

Association between NP/LHb and mono with clinicopathological features

In the training cohort, high NP/LHD levels were significantly associated with older age (p=0.0132), T stage
(p<0.001), BMI (p=0.021), N stage (p=0.043), TNM stage (p=0.002), CEA (p=0.004), and CA-199 (p=0.004).
Similarly, high Mono levels were significantly associated with age (p<0.001), T stage (p=0.010), and tumor
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stage (p=0.001). However, no statistically significant associations were found between NP/LHb or Mono and
histological grade, perineural invasion, vascular invasion, smoking status, or alcohol consumption (Table 2).

Determination of optimal Cut-off values for NP/LHb and mono

ROC curve analysis identified 5.667 as the optimal cut-off value for NP/LHb (AUC=0.760) and 0.505 for Mono
(AUC=0.663), both demonstrating predictive capability for CRC prognosis (Fig. 1A). RCS analysis revealed a
progressive increase in mortality risk with rising NP/LHb and Mono levels, confirming their continuous impact
on survival outcomes (Fig. 1B, C).

Impact of NP/LHb and mono on OS

Kaplan-Meier survival analysis demonstrated that patients with high NP/LHb or high Mono levels had
significantly shorter OS compared to those with low NP/LHb or low Mono levels (p <0.001, log-rank test)
(Fig. 1D, E). In subgroup analysis, high NP/LHb and high Mono remained independently associated with
increased mortality risk (Fig. 1F, G).

Development and prognostic value of the NPM model

To enhance predictive accuracy, we developed the NPM model, integrating NP/LHb and Mono, as shown in
Table 3. Based on their cut-off values, patients were categorized as follows: NPM =0 (low NP/LHb and low
Mono), NPM =1 (either NP/LHb or Mono high), and NPM =2 (both NP/LHb and Mono high). The NPM
model demonstrated superior prognostic performance compared to individual markers, achieving an AUC of
0.810, significantly higher than NP/LHb (0.760) or Mono (0.663) alone (Fig. 2A). Kaplan-Meier survival analysis
confirmed that patients with NPM =2 had significantly worse OS compared to those with NPM <1 (p<0.001)
(Fig. 2B, C). Multivariate Cox regression analysis further validated that higher NPM scores were independently
associated with increased mortality risk, with HR=5.09 (95% CI: 2.64-9.80, p<0.001) for NPM=1 and
HR=10.82 (95% CI: 5.26-22.25, p <0.001) for NPM =2, compared to NPM =0 (Table 4).

Nomogram construction and validation

To facilitate clinical application, we constructed a nomogram model incorporating NP/LHb, Mono, NPM, and
N stage to predict 1-, 3-, and 5-year survival probabilities (Fig. 3A). The nomogram exhibited high predictive
accuracy, with AUC values of 0.856, 0.842, and 0.837 for 1-, 3-, and 5-year OS, respectively, in the training
cohort (Fig. 3B) and 0.783, 0.730, and 0.799 in the validation cohort (Fig. 3C). Calibration curves demonstrated
excellent agreement between predicted and observed survival probabilities (Fig. 3D). DCA further confirmed
the clinical utility of the nomogram, showing superior net benefit in risk stratification compared to conventional
models (Fig. 4A-F).

External validation of the NPM model

To assess the generalizability of the NPM model, external validation was performed using the independent
validation cohort (n=131). The NPM model maintained robust predictive performance, with AUC values of
0.783, 0.730, and 0.799 for 1-, 3-, and 5-year OS, respectively. Kaplan-Meier analysis in the validation cohort
further confirmed that patients with NPM =2 had significantly shorter OS compared to those with NPM <1
(p<0.001). The DCA in the validation cohort also demonstrated strong clinical applicability, supporting the
potential integration of NPM into routine CRC prognostic assessment.

Discussion

CRC remains a significant global health burden, with high postoperative recurrence and metastasis rates
leading to poor long-term survival!8. Identifying reliable, accessible, and cost-effective prognostic markers is
essential for improving individualized patient management. In this study, we demonstrated that both the NP/
LHb index and Mono are independently associated with OS in CRC patients. Furthermore, we developed a
novel prognostic model, NPM, integrating these two markers, which significantly outperformed NP/LHb or
Mono alone in predicting patient survival. The NPM model, validated in an independent cohort, represents a
promising, readily available prognostic tool for CRC risk stratification.

The inflammatory response plays a crucial role in tumor development, progression, and immune evasion®’.
Several hematological indices, including NLR, PLR, and SII, have been widely recognized as prognostic
biomarkers in various malignancies?*-2*. Our study extends this evidence by evaluating NP/LHb, a composite
inflammatory-nutritional index, which combines neutrophils, platelets, lymphocytes, and hemoglobin. This
index reflects both systemic inflammation and nutritional status, which are integral components of cancer
progression. We found that high NP/LHb was significantly associated with worse OS, reinforcing its prognostic
value in CRC. Similarly, monocytes are key players in the tumor microenvironment, contributing to angiogenesis,
immunosuppression, and metastasis'®. Elevated Mono levels have been linked to worse survival outcomes in
multiple cancers!”?*-2%. Our findings support this notion, as high preoperative Mono levels were independently
associated with poor prognosis in CRC patients. The strong predictive value of Mono highlights its potential as
a simple and effective prognostic biomarker.

While individual biomarkers provide valuable prognostic insights, combining multiple markers often
enhances predictive accuracy?”?%. Our study demonstrates that integrating NP/LHb and Mono into the NPM
model significantly improved survival prediction, achieving an AUC of 0.810, which was notably higher than
NP/LHb (0.760) or Mono (0.663) alone. The Kaplan-Meier survival analysis further confirmed that patients
with NPM =2 had significantly shorter OS compared to those with NPM<1 (p<0.001). Moreover, Cox
proportional hazards regression analysis validated that higher NPM scores were independently associated with
increased mortality risk, reinforcing the robustness of this prognostic model. To facilitate clinical translation, we
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NP/LHb Mono
Characteristic Overall, N=435 | <5.667, N=312 | 25.667, N=123 | p-value | Overall, N=435 | <0.505, N=264 | >0.505, N=171 | p-value
Gender 0.013 <0.001
Fermale 182 (41.8%) 119 (38.1%) 63 (51.2%) 182 (41.8%) 132 (50.0%) 50 (29.2%)
Male 253 (58.2%) 193 (61.9%) 60 (48.8%) 253 (58.2%) 132 (50.0%) 121 (70.8%)
Age 0.168 0.881
<45years 45 (10.3%) 27 (8.7%) 18 (14.6%) 45 (10.3%) 27 (10.2%) 18 (10.5%)
>60years 248 (57.0%) 183 (58.7%) 65 (52.8%) 248 (57.0%) 153 (58.0%) 95 (55.6%)
45-60 years 142 (32.6%) 102 (32.7%) 40 (32.5%) 142 (32.6%) 84 (31.8%) 58 (33.9%)
BMI 0.021 0.315
<18.5 12 (2.8%) 6 (1.9%) 6 (4.9%) 12 (2.8%) 7 (2.7%) 5(2.9%)
>28 52 (12.0%) 36 (11.5%) 16 (13.1%) 52 (12.0%) 26 (9.8%) 26 (15.3%)
18.5-24 190 (43.8%) 128 (41.0%) 62 (50.8%) 190 (43.8%) 122 (46.2%) 68 (40.0%)
24-28 180 (41.5%) 142 (45.5%) 38 (31.1%) 180 (41.5%) 109 (41.3%) 71 (41.8%)
Smoking 0.087 0.110
No 299 (68.7%) 207 (66.3%) 92 (74.8%) 299 (68.7%) 189 (71.6%) 110 (64.3%)
Yes 136 (31.3%) 105 (33.7%) 31 (25.2%) 136 (31.3%) 75 (28.4%) 61 (35.7%)
Drink 0.069 0.714
No 355 (81.6%) 248 (79.5%) 107 (87.0%) 355 (81.6%) 214 (81.1%) 141 (82.5%)
Yes 80 (18.4%) 64 (20.5%) 16 (13.0%) 80 (18.4%) 50 (18.9%) 30 (17.5%)
T stage <0.001 0.010
T1 26 (6.0%) 24 (7.7%) 2 (1.6%) 26 (6.0%) 22 (8.3%) 4(2.3%)
T2 72 (16.6%) 60 (19.2%) 12 (9.8%) 72 (16.6%) 50 (18.9%) 22 (12.9%)
T3 303 (69.7%) 212 (67.9%) 91 (74.0%) 303 (69.7%) 175 (66.3%) 128 (74.9%)
T4 34 (7.8%) 16 (5.1%) 18 (14.6%) 34 (7.8%) 17 (6.4%) 17 (9.9%)
N stage 0.043 0.423
NO 278 (63.9%) 209 (67.0%) 69 (56.1%) 278 (63.9%) 169 (64.0%) 109 (63.7%)
N1 92 (21.1%) 60 (19.2%) 32 (26.0%) 92 (21.1%) 60 (22.7%) 32 (18.7%)
N2 65 (14.9%) 45 (15.9%) (2{)5_7%) 65 (14.9%) 33 (12.7%) 32 (18.1%)
TNM stage 0.002 0.001
I 87 (20.0%) 71 (22.8%) 16 (13.0%) 87 (20.0%) 62 (23.5%) 25 (14.6%)
11 193 (44.4%) 141 (45.2%) 52 (42.3%) 193 (44.4%) 109 (41.3%) 84 (49.1%)
III 149 (34.3%) 99 (31.7%) 50 (40.7%) 149 (34.3%) 93 (35.2%) 56 (32.7%)
v 6 (1.4%) 1(0.3%) 5 (4.1%) 6 (1.4%) 0(0.0%) 6 (3.5%)
Differentiation degree 0.714 0.796
Moderately 354 (81.4%) 256 (82.1%) 98 (79.7%) 354 (81.4%) 213 (80.7%) 141 (82.5%)
Poorly 72 (16.6%) 49 (15.7%) 23 (18.7%) 72 (16.6%) 46 (17.4%) 26 (15.2%)
Well 9 (2.1%) 7 (2.2%) 2 (1.6%) 9 (2.1%) 5 (1.9%) 4(2.3%)
Nerve invasion 0.727 0.347
Negative 365 (83.9%) 263 (84.3%) 102 (82.9%) 365 (83.9%) 218 (82.6%) 147 (86.0%)
Positive 70 (16.1%) 49 (15.7%) 21 (17.1%) 70 (16.1%) 46 (17.4%) 24 (14.0%)
Intravascular tumour emboli 0.770 0.393
Negative 357 (82.1%) 255 (81.7%) 102 (82.9%) 357 (82.1%) 220 (83.3%) 137 (80.1%)
Positive 78 (17.9%) 57 (18.3%) 21 (17.1%) 78 (17.9%) 44 (16.7%) 34 (19.9%)
CEA 0.004 0.786
High 156 (35.9%) 99 (31.7%) 57 (46.3%) 156 (35.9%) 96 (36.4%) 60 (35.1%)
Normal 279 (64.1%) 213 (68.3%) 66 (53.7%) 279 (64.1%) 168 (63.6%) 111 (64.9%)
CA-199 0.004 0.723
High 48 (11.0%) 26 (8.3%) 22 (17.9%) 48 (11.0%) 28 (10.6%) 20 (11.7%)
Normal 387 (89.0%) 286 (91.7%) 101 (82.1%) 387 (89.0%) 236 (89.4%) 151 (88.3%)

Table 2. Association between NP/LHb and mono levels and clinicopathological features in colorectal cancer
patients.
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Fig. 1. Prognostic significance of NP/LHb and Mono in CRC patients. (A) ROC curve analysis for NP/LHb
and Mono, demonstrating their prognostic accuracy. (B, C) RCS plots illustrating the nonlinear relationship
between NP/LHb, Mono, and OS risk. (D, E) Kaplan-Meier survival curves showing significantly worse OS in
patients with high NP/LHb and high Mono levels (p <0.001 for both). (F, G) Stratified survival analysis further
confirming that elevated NP/LHb and Mono are independently associated with increased mortality risk in
CRC patients.

NPM | NP/LHb | Mono | Number
0 <5.667 <0.505 205

NP/LHb >5.667
1 or Mono > 0.505 166

2 >5.667 >0.505 64

Table 3. Development of the NPM prognostic model based on NP/LHb and mono levels.

developed a nomogram incorporating NP/LHb, Mono, NPM, and N stage. The high AUC values for 1-, 3-, and
5-year OS in both the training and validation cohorts (0.856, 0.842, 0.837 and 0.783, 0.730, 0.799, respectively)
confirmed the strong predictive performance of the nomogram. Furthermore, calibration curves demonstrated
excellent agreement between predicted and observed survival probabilities, while decision curve analysis (DCA)
indicated substantial net clinical benefit, suggesting that the NPM model may be a valuable tool for guiding
postoperative management in CRC patients.

Numerous prognostic models for CRC have been proposed, incorporating hematological markers, tumor
staging, and molecular signatures. However, many of these models require expensive molecular testing or
complex computational analysis, limiting their applicability in routine clinical settings®*~32. In contrast, our
NPM model is based on readily available preoperative blood parameters, making it highly accessible and cost-
effective. The ease of use and superior predictive performance of the NPM model provide a compelling rationale
for its potential integration into clinical practice.

The findings of this study have several clinical implications. First, preoperative assessment of NP/LHb and
Mono could enable better risk stratification of CRC patients, allowing for more tailored treatment strategies.
High-risk patients may benefit from closer postoperative surveillance and more aggressive adjuvant therapy,
while low-risk patients may be spared from overtreatment. Second, the nomogram provides an individualized
survival probability estimate, which could assist in shared decision-making between clinicians and patients.
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1.0
A D Subgroup L-NPM* H-NPM* HR (95% CI) P value P for interaction
Overall 60/371 (16.2) 35/64 (54.7) . e 4.65 (3.06,7.07) <0.001
0.8 gender (n%) : 0.599
0.193 (0733, 0.766) fermale 30/155 (19.4) 16/27 (59.3) [e— 4.16 (2.26,7.65) <0.001
male 30/216 (13.9) 19/37 (51.4) [H— 5.08 (2.85,9.05) <0.001
>06 age (n%) ! 0.59
= <45years 3/32 (9.4) 6/13 (46.2) | ——e——  6.09(1.52,24.43) 0.011
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Fig. 2. Development and validation of the NPM prognostic model. (A) ROC curve demonstrating the
predictive performance of the NPM model compared to NP/LHb and Mono alone. The NPM model achieves
the highest AUC, indicating superior prognostic accuracy. (B, C) Kaplan-Meier survival curves stratified by
NPM score, showing significantly poorer OS in patients with higher NPM values (p <0.001). (D) Stratified
survival analysis indicating that high NPM scores correlate with increased mortality risk in CRC patients.

Despite the strengths of our study, several limitations should be acknowledged. First, this was a retrospective
study conducted at two institutions, and although external validation was performed, further large-scale,
multicenter prospective studies are needed to confirm the generalizability of our findings. Second, potential
confounding factors, such as patient comorbidities and treatment regimens, were not fully accounted for, which
may influence survival outcomes. Third, while our study focused on preoperative blood-based biomarkers,
integrating molecular and genetic markers may further enhance prognostic precision. Future research should
explore the potential synergistic value of NPM with tumor genomic profiling to refine CRC prognostication.

Conclusion

Our findings confirm that both the NP/LHb index and Mono independently predict CRC prognosis. By
integrating these two markers, the NPM model enhances survival prediction accuracy beyond individual
markers, providing a robust and clinically accessible prognostic tool. The nomogram incorporating NPM
provides a practical, cost-effective tool for CRC risk stratification, with strong predictive accuracy and potential
clinical utility. Prospective validation and further refinement of the model, potentially incorporating molecular
markers, will be essential to optimize CRC prognostication and guide personalized treatment strategies.

Scientific Reports |

(2025) 15:8902

| https://doi.org/10.1038/s41598-025-94126-7 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Univariable Multivariable
Characteristic N |HR |95%CI p-value |[N |HR |95%CI p-value
NPM
0 205 | - - 205 | - -
1 166 | 5.56 |2.95,1047 |<0.001 |166 |5.09 |2.64,9.80 |<0.001
2 64 | 13.56 | 7.03,26.17 |<0.001 |63 |10.82 |5.26,22.25 | <0.001
Gender
fermale 182 | - - 182 | - -
male 253 10.75 ]0.50,1.12 0.158 252 10.76 | 0.45,1.28 0.303
Age
<45years 45 - - 45 - -
>60years 248 | 1.07 ]0.53,2.17 0.845 248 | 1.34 | 0.62,2.89 |0.457
45-60 years 142 | 1.09 |0.52,2.29 0.821 141 | 1.32 | 0.59,2.98 0.497
BMI
<18.5 12 - - 12 - -
>28 52 1092 ]0.26,3.22 0.894 52 | 1.03 ]0.28,3.82 |0.969
18.5-24 190 [ 0.87 |0.27,2.79 0.810 190 [ 0.99 |0.29,3.35 |0.991
24-28 180 | 0.64 |0.20,2.10 0.466 180 | 0.86 |0.25,2.96 0.807
Smoking
No 299 | - - 299 | - -
Yes 136 | 0.70 | 0.44,1.11 0.128 135 | 0.80 |0.40,1.58 |0.521
Drink
No 355 | - - 355 | - -
Yes 80 |0.85 |0.49,1.45 0.545 79 | 143 |0.69,2.98 |0.338
T stage
T1 26 - - 26 - -
T2 72 1.85 |0.22,15.82 | 0.575 72 1.23 | 0.14,10.80 | 0.855
T3 303 | 7.08 |0.98,50.95 |0.052 303 | 2.87 |0.25,33.55 | 0.401
T4 34 | 16.14 | 2.14,121.72 | 0.007 33 |3.96 |0.32,49.46 |0.285
N stage
NO 278 | - - 278 | - -
N1 92 |2.14 |1.29,355 0.003 91 |0.23 ]0.07,0.82 0.023
N2 65 |448 |2.75,7.31 <0.001 |65 |[0.53 |0.151.83 <0.001
TNM stage
I 87 - - 87 - -
1I 193 | 2.25 | 0.94,5.43 0.070 193 | 0.76 | 0.16,3.54 0.724
I 149 | 6.50 |2.80,15.10 | <0.001 | 148 |5.79 |0.89,37.67 | 0.066
v 6 26.27 | 7.96,86.70 |<0.001 |6 4.52 10.62,32.91 | 0.137
Differentiation degree
Well 9 - - 9 - -
Moderately 354 | 1.96 |0.27,14.07 | 0.505 354 | 1.52 | 0.20,11.56 | 0.687
Poorly 72 | 251 ]0.34,18.72 | 0.371 71 | 1.54 |]0.20,12.06 |0.679
Nerve invasion
Negative 365 | - - 365 | - -
Positive 70 | 1.40 |0.85,2.31 0.191 69 | 137 ]0.72,2.59 |0.341
Intravascular tumo remboli (%)
Negative 357 | - - 356 | - -
Positive 78 |1.38 ]0.852.25 0.189 78 |1.04 |0.57,1.88 0.909
CEA
Normal 279 | - - 279 | - -
High 156 | 1.59 | 1.07,2.39 0.023 155 | 1.22 ] 0.78,1.89 |0.389
CA-199
Normal 387 | - - 386 | - -
High 48 |2.19 |1.32,3.62 0.002 48 |1.23 10.70,2.16 |0.477

Table 4. Univariate and multivariate Cox regression analysis of factors associated with overall survival in
colorectal cancer patients.
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Fig. 3. Nomogram for predicting OS in CRC patients. (A) A prognostic nomogram incorporating NP/LHb,
Mono, NPM score, and N stage to predict 1-, 3-, and 5-year survival probabilities. (B, C) ROC curves for the
training and validation cohorts, demonstrating high AUC values for 1-, 3-, and 5-year survival predictions,
confirming the model’s predictive accuracy. (D) Calibration curves comparing predicted and observed survival
probabilities, indicating excellent agreement between model predictions and actual survival outcomes.
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Fig. 4. DCA for clinical utility assessment of the nomogram model. (A-C) DCA curves for 1-, 3-, and
5-year survival in the training cohort, demonstrating the net clinical benefit of the nomogram in guiding risk
stratification. (D-F) DCA curves for the validation cohort, confirming the nomogram’s robust predictive
performance and potential clinical applicability for CRC prognosis.
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