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This study evaluated the prognostic value of the pan-immune-inflammation value (PIV) combined 
with the albumin-to-globulin ratio (AGR) for postoperative survival in colorectal cancer (CRC) patients 
and developed a nomogram for survival prediction. A total of 650 CRC patients who underwent radical 
surgery were included, with data from one institution used as the training set. The optimal cut-off 
values for PIV (426.8) and AGR (1.4) were determined using maximally selected rank statistics. Kaplan–
Meier analysis showed that patients in the low-PIV group had significantly better 5-year overall survival 
(OS) compared to the high-PIV group, while those in the high-AGR group had better 5-year OS than 
those in the low-AGR group. Multivariate analysis identified age, N stage, degree of differentiation, 
PIV, and AGR as independent prognostic factors for OS. A nomogram for OS was developed and 
validated, demonstrating robust predictive performance. This study highlights the value of PIV and 
AGR as reliable indicators for predicting OS in CRC patients, with high PIV and low AGR associated with 
worse prognosis. Timely interventions may improve patient outcomes.
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A serious global public health issue, cancer affects millions of individuals and causes a substantial amount 
of mortality and socioeconomic suffering. With 11% of all cancer diagnoses, colorectal cancer (CRC) is the 
third most frequent cancer in the world and has the second-highest death rate among cancer-related deaths 
worldwide1. It is estimated that the incidence of CRC is four times higher in developed countries than in 
developing countries. In China, CRC is the third most common cancer with the fifth highest mortality rate. The 
incidence of CRC in China is on a continuous upward trend2. Most CRC patients are diagnosed at an advanced 
stage and have a poor prognosis because there aren’t any early symptoms3. Even though patients with colorectal 
cancer have benefited from advancements in medical technology, the disease still has a high rate of metastasis and 
recurrence4. To enhance prognostic prediction and treatment efficacy evaluation in CRC patients, prospective 
biomarkers ought to be explored.

DNA damage, gene mutation, angiogenesis, tumor proliferation, invasion, and metastasis are all significantly 
impacted by tumor-associated inflammation5. The tumor microenvironment is determined not only by the 
tumor itself but also by the host’s systemic immune-inflammatory response. Inflammation alters the tumor 
microenvironment through multiple mechanisms, such as the production of cytokines and pro-inflammatory 
mediators, angiogenesis, and tissue remodeling6. One of the best examples of a tumor that is closely linked 
to chronic inflammation and can arise in the early stages of tumorigenesis is CRC7. An increasing amount 
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of evidence suggests that inflammation associated with cancer has a significant impact on the prognosis and 
postoperative recovery of cancer patients8. Therefore, inflammation-based biomarkers are expected to be 
important predictors of surgery and long-term prognosis. In recent years, it has been reported that a novel 
biomarker Pan-immune-inflammation value (PIV) containing peripheral blood immune cell subpopulations 
(neutrophils, platelets, monocytes, and lymphocytes) has the potential to reflect the patient’s immune and 
systemic inflammation, and may become an effective predictor of long-term prognosis for tumor patients. This 
is because it accurately reflects the inflammatory and immune status of patients with malignant tumors9,10.

Numerous studies have demonstrated that nutritional status plays a significant role in the development 
and prognosis of tumors11. Numerous aspects of tumor development are linked to nutrition, which also has a 
significant impact on the course of treatment. Patients with colorectal cancer frequently suffer from malnutrition, 
which impairs immune function and lowers disease resistance12. Albumin and globulin are proteins that are 
abundant in human serum. As a major component of serum, albumin is commonly used to reflect the nutritional 
status of cancer patients13. Also, low albumin is used as a prognostic marker for human cancer. The albumin–
globulin ratio (AGR), a serological measure of nutritional status, has been linked in recent years to the prognosis 
of several cancers12,14.

Currently, the majority of research focuses on examining the individual roles of PIV and AGR as biomarkers 
in various tumor types. However, compared to a single marker, the combination of these two indicators may 
provide more comprehensive and accurate prognostic information. This study aims to assess inflammation, 
immunity, and nutrition using the preoperative composite inflammatory marker PIV and the nutritional 
biomarker AGR. By integrating PIV and AGR, we seek to explore their relationship with CRC prognosis and 
develop a novel nomogram model to predict survival outcomes in CRC patients. This nomogram is designed to 
offer a more holistic and systematic approach to prognostic assessment, providing valuable support for clinical 
decision-making and improving patient management.

Materials and methods
Patients
This study retrospectively selected 470 primary CRC patients who underwent radical surgery at the Affiliated 
Cancer Hospital of Xinjiang Medical University from January 2016 to December 2018, and 180 primary CRC 
patients who underwent radical surgery at People’s Hospital of Bortala Mongolian Autonomous Prefecture. The 
inclusion criteria were: (1) Histopathologically confirmed stage I–III CRC; (2) Availability of a preoperative 
complete blood count; (3) Complete clinical and pathological data; (4) Availability of follow-up data. The 
exclusion criteria were: (1) Unresectable distant metastasis; (2) History of other malignancies or prior blood 
transfusion; (3) Autoimmune diseases or chronic inflammatory conditions; (4) Receipt of neoadjuvant therapy 
before surgery; (5) Hematological or autoimmune disorders. These exclusion criteria were applied to ensure the 
accuracy of the PIV and AGR in this study, minimizing potential confounders that could affect the reliability of 
the survival predictions.

The study was approved by the Ethics Committees of Xinjiang Medical University Cancer Hospital (K-
2024056) and People’s Hospital of Bortala Mongolian Autonomous Prefecture (LLSH20241221) respectively, 
following a review for compliance with ethical standards. All procedures were conducted in accordance with the 
Declaration of Helsinki. Data collection and analysis were performed with strict adherence to ethical guidelines 
to ensure patient confidentiality. Written informed consent was obtained from all participants.

Follow-up
Patients were instructed to follow up every 3 months for the first 2 years, then every 6 months for the next 
3–5 years, and finally once a year after that. Data collection also involves phone calls. Interval history, physical 
examination, blood tests, abdominal computed tomography, and fiberoptic colonoscopy were all part of the 
follow-up evaluation. The last follow-up took place in September 2023. OS was defined as the interval between 
surgery and death or the last follow-up.

Data collection
A list of patients attending our hospital for radical colorectal cancer surgery from January 2016 to December 
2018 was collected from our information department. The laboratory data of the patients were then checked 
through the e-case system and recorded in detail in Excel. The following information was collected: basic patient 
information: gender, age, height, weight, body mass index (BMI), smoking and alcohol history. Laboratory results 
for the patient one week before surgery (during the initial consultation, when no treatment was administered): 
serum albumin, hemoglobin, platelets, lymphocytes, neutrophils, monocytes, and carcinoembryonic antigen 
(CEA). Clinicopathological parameters: Gross appearance, Histological type, pathological tumor stage (T stage), 
pathological node stage (N stage), TNM stage, Differentiated Degree, Nerve invasion, Intravascular tumor 
emboli. Follow-up information: survival outcome, survival time. Parameters were defined as follows: TNM 
staging was performed according to the Joint Committee on the American Classification of Cancers, 8th edition. 
CEA ≥ 5.00  ng/mL was considered high. PIV = [neutrophil count (109/L) × platelet count (109/L) × monocyte 
count (109/L)]/lymphocyte. AGR = albumin/globulin.

Statistical analysis
Data were analyzed using R software (version 4.2.3) and SPSS 25.0. The Shapiro–Wilk test was applied to assess 
the normality of continuous variables. Continuous variables are presented as mean ± standard deviation (SD) 
for normally distributed data, median (interquartile range, IQR) for non-normally distributed data, and counts 
(percentage, %) for categorical variables. Mann–Whitney U test or Student’s t-test was used for comparing 
continuous variables, while the Chi-square test or Fisher’s exact test was used for categorical variables. The 
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optimal cut-off values were determined using the maximum selected rank statistic in the “survminer” R package. 
The cut-off values for PIV and AGR were 426.8 and 1.4, respectively. Patients were categorized into high and low 
PIV groups and high and low AGR groups based on these cut-off values. A Restrictive Cubic Spline (RCS) was 
employed to explore the non-linear relationship between PIV, AGR, and the risk of death in CRC patients. To 
compare the AUC values of combined biomarkers, we employed the DeLong test, a non-parametric approach 
utilized to evaluate the significance of differences between two or more ROC curves. Kaplan–Meier survival 
curves for OS were plotted and compared using the log-rank test. Univariate and multivariate analyses were 
performed using Cox proportional hazards regression models. Variables found to be statistically significant in 
the univariate analysis were included in the multivariate model to identify independent risk factors for OS. A 
nomogram was constructed based on these independent risk factors to predict the 1-year, 3-year, and 5-year 
OS after surgery. The discriminative ability and predictive performance of the nomogram were evaluated using 
receiver operating characteristic (ROC) curves and calibration curves. Decision curve analysis (DCA) was 
conducted to assess the net benefit of the prediction model. Additionally, external validation was performed 
using a cohort of 180 patients to assess the model’s performance. A two-tailed p value of less than 0.05 was 
considered statistically significant.

Results
The optimal cutoff value of PIV and AGR
The optimal cut-off value for PIV in the training cohort was 426.8, while the cut-off for AGR was 1.4, determined 
using maximally selected rank statistics. The high preoperative PIV group comprised 82 cases, and the low 
preoperative PIV group consisted of 388 cases (Fig. 1A). The high preoperative AGR group included 306 cases, 
while the low preoperative AGR group included 164 cases (Fig. 1B).

Baseline characteristics of patients
This study included 650 patients with CRC who underwent radical surgery, divided into a training group (n = 470) 
and a validation group (n = 180) (Table 1). The median age of the overall cohort was 61  years (interquartile 
range [IQR] 52–68), with males accounting for 57.8%. Baseline characteristics, including body mass index 
(BMI), smoking status, and alcohol consumption, were well balanced between the two groups (all p > 0.05). 
Tumors were predominantly staged as T3–T4 (77.1%) and N0–N1 (84.2%). A total of 60.8% of patients were 
classified as TNM stages I–II, while 39.2% were in stage III. Poorly differentiated or undifferentiated tumors 
accounted for 84.2%. Neural invasion and intravascular tumor thrombi were observed in 17.5% and 18.9% of 
patients, respectively. Elevated CEA levels were present in 36.0% of patients. Laboratory parameters, including 
median ALB levels (40.7 g/L), PLT (241 × 109/L), and lymphocyte count (1.81 × 109/L), were consistent across the 
cohorts. The training and validation groups showed high consistency in demographic, clinical, and laboratory 
characteristics, reinforcing the robustness of the validation group in model evaluation.

Clinical characteristics of CRC patients in the training cohort stratified by AGR and PNI cut-
off values
A total of 470 CRC patients’ data were collected from the training cohort. The baseline characteristics table 
(Table  2) summarizes the relationship between PIV, AGR, and clinical pathological features. Briefly, the 
median age of the patients was 62 years, with 279 male patients (59.4%). Among the cases, 437 (93.0%) were 
adenocarcinomas, and 33 (7.0%) were of other pathological types. In terms of clinical staging, 284 (60.4%) 
patients were in stages I–II, while 186 (39.6%) were in stage III. Preoperative levels of albumin, platelet count, 
neutrophil count, monocyte count, and lymphocyte count were 40.6 g/L, 240 × 109/L, 3.62 × 109/L, 0.45 × 109/L, 
and 1.79 × 109/L, respectively. The median follow-up time was 75 months.

Fig. 1.  The optimal cutoff value of PIV and AGR. (A) PIV, pan-immune-inflammation value. (B) AGR, 
albumin-to‑globulin ratio.
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Prognostic value of PIV and AGR in I–III stage colorectal cancer
RCS revealed a nonlinear relationship between PIV and AGR and the hazard ratio (HR) of CRC patients. The 
results showed that HR gradually increased with the increase of PIV (Fig. 2A) and decreased with the increase of 
AGR (Fig. 2B). This suggests that PIV is a risk factor for death in CRC patients and AGR is a patient protective 
factor. Subsequently, we performed a Kaplan–Meier survival analysis. The results showed a significant difference 

Characteristics Overall patients N = 650 Training cohort N = 470 Validation cohort N = 180

Age, median (IQR) 61 (52, 68) 62 (52, 69) 62 (52, 67)

Gender

 Male 376 (57.8%) 279 (59.4%) 97 (53.9%)

 Female 274 (42.2%) 191 (40.6%) 83 (46.1%)

BMI

 < 18.5 20 (3.1%) 14 (3.0%) 6 (3.3%)

 18.5–24 279 (42.9%) 203 (43.2%) 76 (42.2%)

 24–28 264 (40.6%) 189 (40.2%) 75 (41.7%)

 ≥ 28 87 (13.4%) 64 (13.6%) 23 (12.8%)

Smoking

 Yes 200 (30.8%) 150 (31.9%) 50 (27.8%)

 No 450 (69.2%) 320 (68.1%) 130 (72.2%)

Alcohol

 Yes 115 (17.7%) 89 (18.9%) 26 (14.4%)

 No 535 (82.3%) 381 (81.1%) 154 (85.6%)

Gross appearance

 Bulge 196 (30.2%) 139 (29.6%) 57 (31.7%)

 Infiltration or ulcer 454 (69.8%) 331 (70.4%) 123 (68.3%)

Histological type

 Adenocarcinoma 604 (92.9%) 437 (93.0%) 167 (92.8%)

 Mucinous adenocarcinoma or signet ring cell cancer 46 (7.1%) 33 (7.0%) 13 (7.2%)

T stage

 T1–T2 104 (22.1%) 104 (22.1%) 45 (25.0%)

 T3–T4 501 (77.1%) 366 (77.9%) 135 (75.0%)

N stage

 N0–N1 547 (84.2%) 394 (83.8%) 153 (85.0%)

 N2–N3 103 (15.8%) 76 (16.2%) 27 (15.0%)

TNM stage

 I–II 395 (60.8%) 284 (60.4%) 111 (61.7%)

 III 255 (39.2%) 186 (39.6%) 69 (38.3%)

Differentiated degree

 Well/moderate 103 (15.8%) 73 (15.5%) 30 (16.7%)

 Poor/undifferentiated 547 (84.2%) 397 (84.5%) 150 (83.3%)

Nerve invasion

 Positive 114 (17.5%) 84 (17.9%) 30 (16.7%)

 Negative 536 (82.5%) 386 (82.1%) 150 (83.3%)

Intravascular tumor emboli

 Positive 123 (18.9%) 87 (18.5%) 36 (20.0%)

 Negative 527 (81.1%) 383 (81.5%) 144 (80.0%)

CEA

 High 234 (36.0%) 171 (36.4%) 63 (35.0%)

 Normal 416 (64.0%) 299 (63.6%) 117 (65.0%)

ALB (g/L), median (IQR) 40.7 (38.0, 43.2) 40.6 (37.8, 43.2) 40.8 (38.5, 43.2)

PLT (109/L), median (IQR) 241 (199, 290) 240 (198, 290) 242 (203, 286)

NE (109/L), median (IQR) 3.60 (2.89, 4.43) 3.62 (2.92, 4.52) 3.53 (2.84, 4.28)

MONO (109/L), median (IQR) 0.45 (0.35, 0.56) 0.45 (0.35, 0.56) 0.45 (0.35, 0.56)

LY (109/L), median (IQR) 1.81 (1.46, 2.19) 1.79 (1.45, 2.19) 1.83 (1.49, 2.15)

Table 1.  Baseline characteristics of CRC patients. IQR interquartile range, BMI body mass index, CEA 
carcinoembryonic antigen, ALB albumin, PLT platelet count, NE neutrophil count, MONO monocyte count, 
LY lymphocyte count.
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Characteristics
Overall patients 
N = 470

High PIV (≥ 426.8) 
N = 82

Low PIV (< 426.8) 
N = 388 P value

High AGR (≥ 1.4) 
N = 306

Low AGR (< 1.4) 
N = 164

P 
value

Age, median (IQR) 62 (52, 69) 59 (50, 70) 62 (52, 69) 0.475 59 (50, 67) 65 (59, 73) < 0.001

Gender 0.867 0.015

 Male 279 (59.4%) 48 (58.5%) 231 (59.5%) 194 (63.4%) 85 (51.8%)

 Female 191 (40.6%) 34 (41.5%) 157 (40.5%) 112 (36.6%) 79 (48.2%)

BMI 0.332 0.037

 < 18.5 14 (3.0%) 4 (4.9%) 10 (2.6%) 5 (1.6%) 9 (5.5%)

 18.5–24 203 (43.2%) 38 (46.3%) 165 (42.5%) 136 (44.4%) 67 (40.9%)

 24–28 189 (40.2%) 27 (32.9%) 162 (41.8%) 129 (42.2%) 60 (36.6%)

 ≥ 28 64(13.6%) 27 (32.9%) 51 (13.1%) 36 (11.8%) 28 (17.1%)

Smoking 0.965 0.010

 Yes 150 (31.9%) 26 (31.7%) 124 (32.0%) 110 (35.9%) 40 (24.4%)

 No 320 (68.1%) 56 (68.3%) 264 (68.0%) 196 (64.1%) 124 (75.6%)

Alcohol 0.636 0.135

 Yes 89 (18.9%) 14 (17.1%) 75 (19.3%) 64 (20.9%) 25 (15.2%)

 No 381 (81.1%) 68 (82.9%) 313 (80.7%) 242 (79.1%) 139 (84.8%)

Gross appearance 0.549 0.044

 Bulge 139 (29.6%) 22 (26.8%) 117 (30.2%) 100 (32.7%) 39 (23.8%)

 Infiltration or ulcer 331 (70.4%) 60 (73.2%) 271 (69.8%) 206 (67.3%) 125 (76.2%)

Histological type 0.123 0.574

 Adenocarcinoma 437 (93.0%) 73 (89.0%) 364 (93.8%) 286 (93.5%) 151(92.1%)

 Mucinous adenocarcinoma or signet 
ring cell cancer 33 (7.0%) 9 (11.0%) 24 (6.2%) 20 (6.5%) 13 (7.9%)

T stage 0.001 0.008

 T1–T2 104 (22.1%) 7 (8.5%) 97 (25.0%) 79 (25.8%) 25 (15.2%)

 T3–T4 366 (77.9%) 75 (91.5%) 291 (75.0%) 227 (74.2%) 139(84.8%)

N stage 0.807 0.697

 N0–N1 394 (83.8%) 68 (82.9%) 326 (84.0%) 258 (84.3%) 136 (82.9%)

 N2–N3 76 (16.2%) 14 (17.1%) 62 (16.0%) 48 (15.7%) 28 (17.1%)

TNM stage 0.526 0.313

 I–II 284 (60.4%) 47 (57.3%) 237 (61.1%) 190 (62.1%) 94 (57.3%)

 III 186 (39.6%) 35 (42.7%) 151 (38.9%) 116 (37.9%) 70 (42.7%)

Differentiated degree 0.006 0.499

 Well/moderate 73 (15.5%) 61 (74.4%) 336 (86.6%) 261 (85.3%) 136 (82.9%)

 Poor/undifferentiated 397 (84.5%) 21 (25.6%) 52 (13.4%) 45 (14.7%) 28 (17.1%)

Nerve invasion 0.044 0.670

 Positive 84 (17.9%) 21 (25.6%) 63 (16.2%) 53 (17.3%) 31 (18.9%)

 Negative 386 (82.1%) 61 (74.4%) 325 (83.8%) 253 (82.7%) 133 (81.1%)

Intravascular tumor emboli 0.377 0.557

 Positive 87 (18.5%) 18 (22.0%) 69 (17.8%) 59 (19.3%) 28 (17.1%)

 Negative 383 (81.5%) 64 (78.0%) 319 (82.2%) 247 (80.7%) 136 (82.9%)

CEA 0.192 0.004

 High 171 (36.4%) 35 (42.7%) 136 (35.1%) 97 (31.7%) 74 (45.1%)

 Normal 299 (63.6%) 47 (57.3%) 252 (64.9%) 209 (68.3%) 90 (54.9%)

ALB (g/L), median (IQR) 40.6 (37.8, 43.2) 40.0 (36.5, 42.5) 40.8 (38.1, 43.5) 0.008 41.6 (39.1, 44.4) 38.4(36.2, 41.1) < 0.001

PLT (109/L), median (IQR) 240 (198, 290) 317 (250, 375) 232 (192, 268) < 0.001 233 (193, 266) 267 (214, 330) < 0.001

NE (109/L), median (IQR) 3.62 (2.92, 4.52) 5.60 (4.65, 6.62) 3.38 (2.84, 4.03) < 0.001 3.54 (2.85, 4.30) 3.83 (3.11, 4.88) 0.002

MONO (109/L), median (IQR) 0.45 (0.35, 0.56) 0.42 (0.33, 0.51) 0.64 (0.56, 0.78) < 0.001 0.43 (0.35, 0.53) 0.46 (0.38, 0.60) 0.002

LY (109/L), median (IQR) 1.79 (1.45, 2.19) 1.56 (1.30, 2.10) 1.84 (1.50, 2.20) 0.003 1.77 (1.42, 2.15) 1.88 (1.50, 2.28) 0.042

Table 2.  Clinicopathological characteristic of patients with CRC stratified by PIV and AGR cutoffs in the 
training cohort. IQR interquartile range, BMI body mass index, CEA carcinoembryonic antigen, ALB albumin, 
PLT platelet count, NE neutrophil count, MONO monocyte count, LY lymphocyte count.
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in the 5-year OS rate between the different groups (p < 0.001). Compared with patients with high preoperative 
PIV, the 5-year OS rate was significantly higher in patients with low PIV levels (82.7% vs. 46.4%, p < 0.001 
Fig. 3A). However, the opposite trend was observed concerning AGR, with patients with low preoperative AGR 
levels having a significantly lower 5-year OS rate compared with those with high preoperative levels (64.7% 
vs. 82.4%, p < 0.001; Fig. 3B). In subgroup analyses, we also obtained consistent results. Specifically, patients in 
the high PIV group (Fig. 4A) and the low AGR (Fig. 4B) group showed significantly reduced 5-year OS rates. 
We compared the prognostic performance of PIV and AGR with other inflammation- and immune-related 
markers, including the neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and systemic 
immune-inflammation index (SII). PIV and AGR demonstrated superior predictive accuracy, with AUC values 
of 0.795 and 0.744, respectively (Fig. 5A). Furthermore, our analysis revealed that the combined use of PIV and 
AGR provided a significant predictive advantage over either marker alone, achieving a notably higher AUC of 
0.859 compared to PIV (0.795) and AGR (0.744) (Fig. 5B).

Univariate and multivariate analyses of risk factors
In the training cohort, the Cox regression analysis model was applied to assess factors associated with OS. 
Results of the univariate analysis showed that Age (HR 1.02; 95% CI 1.01–1.03; p = 0.028), Gross appearance (HR 
1.58; 95% CI 1.03–2.42; p = 0.037), T stage (HR 4.12; 95% CI 2.09–8.12; p < 0.001), the N stage (HR 2.40; 95% CI 
1.61–3.58; p < 0.001), TNM stage (HR 2.09; 95% CI 1.46–2.98; p < 0.001), Differentiated degree (HR 0.38; 95% 
CI 0.26–0.56; p < 0.001), and Intravascular tumor emboli (HR 1.56; 95% CI 1.03–2.37; p = 0.036), CEA (HR 1.69; 
95% CI 1.19–2.42; p = 0.004), PIV (HR 6.86; 95% CI 4.77–9.86; p < 0.001), AGR(HR 3.86; 95% CI 2.67–5.58); 
p < 0.001) were potential factors associated with OS. The above statistically significant factors were included in a 
multivariate Cox regression model and the analysis showed that Age (HR 1.02; 95% CI 1.01–1.03; p = 0.013), N 
stage (HR 1.97; 95% CI 1.20–3.22; p = 0.007), Differentiated degree (HR 0.58; 95% CI 0.38–0.90; p = 0.015), PIV 

Fig. 3.  Kaplan–Meier curves of OS in patients with CRC. (A) PIV, (B) AGR.

 

Fig. 2.  Restricted cubic spline curves for PVI and AGR in CRC. (A) PIV, pan-immune-inflammation value. 
(B) AGR, albumin-to‑globulin ratio.
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(HR 7.42; 95% CI 5.06–10.89; p < 0.001), and AGR (HR 3.04; 95% CI 2.06–4.49; p < 0.001) were the independent 
risk factors for OS (Table 3).

Establishment and verification of nomogram
A nomogram model for predicting 1-, 3-, and 5-year OS was plotted based on statistically significant variables 
(Age, N stage, Differentiated degree, PIV, AGR) in multivariate Cox regression analysis. We used this model to 
assess individualized prognostic prediction in CRC patients. Nomograms can be interpreted by summing the 
points assigned to each variable, indicated at the top of the scale. The total points can be converted to a minimum 
scale predicting the probability of a patient’s death at 5 years (Fig. 6). The ROC curve analysis of the clinical model 
in the training cohort revealed AUC values of 86.9%, 90.2%, and 87.8% for 1-year, 3-year, and 5-year survival, 
respectively (Fig. 7A). In the external validation cohort, the AUC values for 1-year, 3-year, and 5-year survival 
were 93.4%, 90.8%, and 85.1%, respectively (Fig. 7B). These values demonstrate the strong discriminatory power 
of the predictive model. The calibration curves (Fig.  8A,B) showed good consistency between the predicted 
and actual complication rates, further confirming the model’s reliability. DCA curves illustrated the threshold 
probabilities of the predictive model in both the training cohorts (Fig. 9A–C) and validation cohorts (Fig. 9D–F), 

Fig. 5.  ROC curves for overall survival. (A) Comparison of PIV and AGR with inflammation-immune 
markers (NLR, PLR, SII). (B) Comparison of PIV and AGR with PIV + AGR.

 

Fig. 4.  Subgroup analysis of the relationship between PIV, AGR, and overall survival risk. (A) PIV, (B) AGR.
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providing a comprehensive evaluation of the nomogram’s clinical utility. These findings underscore the model’s 
superior predictive performance and highlight its potential for clinical application.

Discussion
CRC is a current public health concern due to its high degree of malignancy, rapid progression, and high rates of 
disability and mortality. It ranks third among malignant tumors worldwide15. Numerous systemic inflammatory 

Characteristics Univariate analysis hazard ratio (95% CI) P value Multivariate analysis hazard ratio (95% CI) P value

Age 1.02 (1.01–1.03) 0.028 1.02 (1.01–1.03) 0.013

Gender

 Male Reference

 Female 0.98 (0.68–1.41) 0.921

BMI

 ≤ 24 Reference

 > 24 1.12 (0.78–1.60) 0.550

Smoking

 Yes Reference

 No 1.50 (1.00–2.26) 0.051

Alcohol

 Yes Reference

 No 1.20 (0.75–1.92) 0.453

Gross appearance

 Bulge Reference Reference

 Infiltration or ulcer 1.58 (1.03–2.42) 0.037 0.87 (0.55–1.38) 0.564

Histological type

 Adenocarcinoma Reference

 Mucinous adenocarcinoma or signet ring cell cancer 1.56 (0.86–2.84) 0.141

T stage

 T1–T2 Reference Reference

 T3–T4 4.12 (2.09–8.12) < 0.001 1.66 (0.80–3.43) 0.175

N stage

 N0–N1 Reference Reference

 N2–N3 2.40 (1.61–3.58) < 0.001 1.97 (1.20–3.22) 0.007

TNM stage

 I–II Reference Reference

 III 2.09 (1.46–2.98) < 0.001 1.34 (0.88–2.04) 0.171

Differentiated degree

 Poor/undifferentiated Reference Reference

 Well/moderate 0.38 (0.26–0.56) < 0.001 0.58 (0.38–0.90) 0.015

Nerve invasion

 Negative Reference Reference

 Positive 2.48 (1.69–3.66) < 0.001 1.30 (0.82–2.04) 0.263

Intravascular tumor emboli

 Negative Reference Reference

 Positive 1.56 (1.03–2.37) 0.036 1.24 (0.78–2.00) 0.366

CEA

 Normal Reference Reference

 High 1.69 (1.19–2.42) 0.004 1.15 (0.78–1.69) 0.489

PIV

 < 426.8 Reference Reference

 ≥ 426.8 6.86 (4.77–9.86) < 0.001 7.42 (5.06–10.89) < 0.001

AGR

 ≥ 1.4 Reference Reference

 < 1.4 3.86 (2.67–5.58) < 0.001 3.04 (2.06–4.49) < 0.001

Table 3.  Univariate and multivariate analysis of overall survival in CRC patients from the training cohort. BMI 
body mass index, CEA carcinoembryonic antigen, PIV pan-immune-inflammation value, AGR albumin-to-
globulin ratio.
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factors may be potential indicators for predicting the oncological prognosis of human cancers, according to an 
expanding body of research. By more effectively matching patient needs with available treatments, prognostic 
factors can impact clinical decision-making and enhance patient health. The longer overall survival and 
better prognosis in colorectal cancer may be due to the creation of customized treatment plans16. Numerous 
studies have demonstrated that the inflammatory response is crucial to the development of the tumor 
microenvironment, that specific alterations in inflammatory cells may serve as prognostic indicators, and that 
variations in the immune cell composition of peripheral venous blood may indicate the tumor’s inflammatory 
state and, consequently, the prognosis for survival17. This study retrospectively included a total of 650 patients 
with stage I–III colorectal cancer from two dependent institutions, all of whom underwent radical surgery 
between January 2016 and December 2018. Kaplan–Meier survival analysis revealed that patients with high 
preoperative PIV had significantly better 5-year OS rates compared to those with low PIV levels. However, with 
regard to AGR, patients with low preoperative AGR levels had significantly lower 5-year OS rates than those 
with high preoperative AGR levels. Subgroup analysis showed that PIV demonstrated strong prognostic value 
in multiple subgroups, particularly in patients with T3–T4 and N2–N3 stage colorectal cancer, suggesting that 

Fig. 7.  ROC curve of the nomogram predicting 1-, 3- and 5-year survival in patients with CRC. (A) Training 
cohort. (B) Validation cohort.

 

Fig. 6.  A nomogram and calibration curve for predicting overall survival in CRC patients.
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PIV is an important marker of colorectal cancer progression. AGR also exhibited significant prognostic value 
in several subgroups, particularly in patients with high BMI, T3–T4 stage, and poorly differentiated tumors, 
highlighting the impact of nutritional and immune status on prognosis. In Cox multivariate analysis, both PIV 
and AGR were identified as independent risk factors for predicting the prognosis of colorectal cancer patients. 
Moreover, based on these independent risk factors, we constructed nomogram models to predict 1-, 3-, and 
5-year OS. PIV and AGR play critical roles in prognostic assessment for colorectal cancer, and their combined 
use shows significant advantages, offering higher accuracy and reliability. Finally, comprehensive testing of the 
nomogram demonstrated strong discriminatory and predictive abilities. Therefore, PIV and AGR can serve as 
biomarkers to identify poor prognosis in colorectal cancer patients. Our findings are consistent with previous 
studies that suggest PIV and AGR as valuable prognostic biomarkers in cancer, particularly in colorectal cancer. 
However, our study adds novelty by combining these biomarkers and demonstrating their complementary role 
in predicting patient outcomes. Unlike some previous studies that focus on single biomarkers, we show that PIV 
and AGR together may offer superior prognostic accuracy. This is in line with recent research suggesting that 
combined biomarkers offer more reliable predictions compared to individual markers.

PIV and AGR offer unique advantages in reflecting the prognosis of CRC patients. Traditional biomarkers, 
such as CEA18, are primarily used for monitoring tumor burden and recurrence, while PIV and AGR focus 
on the host’s immune-inflammatory response and nutritional status, providing a more comprehensive disease 
assessment. A higher PIV indicates excessive inflammation activation, which may lead to an imbalance in the 
immune microenvironment, promoting tumor growth and metastasis. On the other hand, a lower AGR, often 

Fig. 9.  Decision curve analyses with clinical net benefits of the nomogram at 1-year, 3-yearand 5-year. (A–C) 
Training cohort. (D–F) Validation cohort.

 

Fig. 8.  The calibration curve of nomogram for predicting 1-, 3- and 5-year OS. (A) Training cohort. (B) 
Validation cohort.
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accompanied by decreased albumin and increased globulin, suggests malnutrition and a chronic inflammatory 
state, factors that may accelerate disease progression. Therefore, incorporating PIV and AGR into the risk 
assessment system for CRC may provide a new perspective for clinical decision-making.

Simple graphical depictions of statistical predictive models that produce numerical probabilities of clinical 
events are called nomograms. In many cancers, nomograms are comparable to the conventional TNM staging 
system; as a result, they are recognized as a substitute or even a new standard19. By using nomograms to create 
personalized predictions, doctors can find and categorize patients who are a good fit for clinical trial participation.

Tumor genesis, progression, and metastasis are all significantly influenced by systemic inflammation20. 
Inflammation plays a crucial role in initiating tumorigenesis by damaging specific tissues21, and neutrophils 
are an important part of this process. The significance of neutrophils in tumor initiation has been demonstrated 
by chemical carcinogen-induced inflammation-induced cancer models, including the oxidized azomethane-
dextran sodium sulfate-associated colon cancer model and the DMBA-TPA skin cancer model22. The release of 
prostaglandin E2 by neutrophils intensifies the inflammatory response and generates a tumor microenvironment 
that encourages the development of colon tumors. Signals that drive neutrophil polarization and activation 
cause them to be functionally perturbed and show high levels of plasticity in the tumor microenvironment23. 
Both direct and indirect mechanisms of cancer promotion are fueled by this. Neutrophils contribute to tumor 
progression through the secretion of vascular endothelial growth factor (VEGF), a key angiogenic factor that 
promotes endothelial cell proliferation and new blood vessel formation24. The release of neutrophil-derived 
VEGF enhances vascular permeability and supports the hypoxic adaptation of tumor cells, thereby facilitating 
tumor growth and metastasis25. Additionally, neutrophils produce matrix metalloproteinases (MMP-9 in 
particular)26, which degrade the extracellular matrix (ECM) and enable tumor cell invasion. MMPs also 
contribute to the activation of latent growth factors, further amplifying tumor-promoting signals. Neutrophils 
secrete matrix metalloproteinases and interleukin-1β, which increase tumor cell exudation and inhibit natural 
killer cell activity. By adhering to tumor vessels and aggregating at the primary tumor site, platelets affect tumor 
growth and metastasis27. Growth factors are stored in large quantities in the alpha granules of platelets. They 
can come into direct contact with cancerous cells and are found in the extravascular tumor microenvironment. 
Platelets, on the other hand, store and release VEGF from their alpha granules upon activation, reinforcing 
tumor vascularization and supporting the survival of circulating tumor cells. By forming platelet-tumor cell 
aggregates, platelets shield tumor cells from immune surveillance, particularly from natural killer cell-mediated 
lysis28. Furthermore, platelets secrete MMPs, which facilitate ECM degradation and enhance metastatic potential 
by promoting the extravasation of tumor cells into distant tissues29. Platelets can also protect tumor cells that are 
circulating in the periphery, prevent natural killer cells from identifying tumor cells, and increase the likelihood 
that the tumor cells will spread30. The interplay between neutrophils, platelets, and the TME highlights the 
importance of these cellular components in tumor progression through VEGF-driven angiogenesis and 
MMP-mediated matrix remodeling. The functions of various monocyte subpopulations during cancer include 
phagocytosis, secretion of tumor-killing mediators, promotion of angiogenesis, extracellular matrix remodeling, 
lymphocyte recruitment, and differentiation into tumor-associated macrophages and dendritic cells. These 
functions all help to promote anti-tumor immunity. Monocytes are a primary source of dendritic cells and long-
lived tumor-associated macrophages that help to form the tumor microenvironment31. Monocytes generate 
antitumor responses, activate antigen-presenting cells to exert antitumor effects, induce immune tolerance, and 
improve tumor cell dissemination, all of which have a differential impact on the tumor microenvironment32. 
Tumor-associated immunity is significantly influenced by lymphocytes. It can stop the growth of many tumors 
and has a potent anti-tumor immune effect. However, lymphocyte activity and function are changed in the 
inflammatory state33, including T-cell subpopulation imbalance and immune regulation dysfunction. This can 
result in impaired immune surveillance and enable tumor cells to elude immune attack34. PIV allows for a 
combined assessment of systemic inflammatory status by combining neutrophils, platelets, monocytes, and 
lymphocytes35. Our study demonstrated that patients with low PIV levels had a high 5-year OS rate compared 
with CRC patients with high preoperative PIV levels, suggesting that PIV is an independent risk factor for poor 
prognosis in CRC patients.

There are many immunoinflammatory biomarkers (IIBs) developed in previous studies, such as NLR, PLR, 
lymphocyte/monocyte (MLR), SII and Systemic Inflammatory Response Index (SIRI) among others. However, 
they are all composed of two or three peripheral blood cell components. Thus, the inclusion of four peripheral 
blood cell immunoinflammatory biomarkers PIV in one can capture the complexity of the immune environment 
more comprehensively. In a study by Fucà et al.36, PIV was strongly associated with survival in patients with 
metastatic CRC and was superior to other IIBs (NLR, PLR, SII) in predicting survival in metastatic colorectal 
cancer. Similarly, in a study of human epidermal growth factor receptor 2-positive patients with advanced breast 
cancer37, PIV is superior to NLR, PLR, and MLR in predicting OS. In addition, PIV has been shown in several 
meta-analyses and retrospective studies to predict prognosis in patients with a variety of solid tumors10,38–43. 
Our findings are consistent with those of the above studies in that both the high PIV group had higher tumor 
stage and worse survival outcomes than the low PIV group.

According to earlier research44, clinical outcomes and the nutritional status of cancer patients are correlated, 
and patients with different cancers have a lower survival rate the worse their nutritional status. Malnutrition is 
a major problem in patients with CRC45, especially after surgery where restricted feeding is a major cause of 
undernutrition. Clinical results are improved, surgical complications are decreased, and survival is increased 
when malnourished patients are identified early. The two primary components of serum proteins are globulin 
(GLB) and serum albumin.

It is known that serum albumin is a sensitive indicator for determining nutritional status46. Serum albumin 
levels rapidly drop when malignant cells are present because they cause malnourishment and a generalized 
inflammatory response that prevents albumin synthesis in tumor patients. Low albumin levels in a variety of 
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malignant tumors are a poor indicator of the clinical prognosis47. Furthermore, systemic inflammation causes 
cytokines to decrease albumin synthesis, and hypoalbuminemia is a major factor in weakening the immune 
response and accelerating the growth of cancer48. But unlike albumin, globulins are pro-inflammatory proteins 
that contain complex elements like immunoglobulins, interleukins, acute phase proteins, and tumor markers49. It 
is considered that distant metastasis, immune escape, and tumor growth are all linked to high GLB expression50. 
Albumin, as a negative acute-phase protein, reflects the systemic nutritional and inflammatory status of cancer 
patients. Malignant cells and the associated inflammatory microenvironment downregulate albumin synthesis 
through cytokine-mediated pathways, particularly via interleukin-6 (IL-6) and tumor necrosis factor-alpha 
(TNF-α). Low albumin levels weaken immune surveillance by impairing lymphocyte proliferation, antigen 
presentation, and cytokine production, thereby facilitating immune evasion. Additionally, hypoalbuminemia 
is associated with increased oxidative stress and endothelial dysfunction, which further promote tumor growth 
and metastasis. Conversely, globulins, particularly immunoglobulins, acute-phase proteins, and inflammatory 
cytokines, actively contribute to pro-tumorigenic inflammation. Elevated globulin levels are associated with 
chronic inflammation, immune escape, and tumor progression. For instance, high globulin expression correlates 
with increased levels of interleukin-1β (IL-1β) and IL-651, which promote tumor cell survival, angiogenesis, 
and resistance to apoptosis. Furthermore, tumor cells exploit immunoglobulin-dependent mechanisms to 
evade immune destruction, as certain globulin subfractions suppress T-cell activity and promote regulatory 
T-cell (Treg) expansion, facilitating immune tolerance52. Combining albumin and globulin, AGR reduces the 
susceptibility of its expression to confounding variables like fluid retention or dehydration. AGR might be a 
more accurate predictor than just albumin or globulin. Emerging evidence suggests that AGR may serve as a 
useful predictive tool for cancer diagnosis and prognosis. Several studies have reported that low serum AGR is 
associated with poor prognosis in several cancers, including gastric, lung, and breast cancers. Low preoperative 
AGR was associated with poor prognosis in patients in our study. In addition, AGR was also an independent risk 
factor for poor prognosis in patients in a multifactorial analysis.

However, our study has some limitations. First, this study was a retrospective study with a relatively small 
sample size that may include case selection bias. Therefore, prospective studies with large sample sizes are 
needed for further validation. In addition, we only collected patients with stage I–III CRC and excluded some 
vulnerable populations, which may limit the generalizability of the results. Therefore, future studies urgently 
require multicenter, large-scale prospective research supplemented with external validation to enhance the 
reliability and scientific validity of the findings. Finally, the integration of PIV and AGR into routine clinical 
practice still requires further clinical validation and standardization efforts to ensure their reliable application 
in different diseases and populations. In our study, we focused primarily on the prognostic value of PIV and 
AGR as independent biomarkers in CRC patients after radical surgery. However, the effect of different treatment 
modalities on the prognostic value of PIV and AGR was not explored in detail. We acknowledge that various 
post-operative treatment strategies, such as adjuvant chemotherapy, targeted therapy, and immunotherapy, may 
influence the inflammatory response and nutritional status, potentially affecting the prognostic value of these 
biomarkers. Future studies should investigate the interaction between treatment strategies and the prognostic 
significance of PIV and AGR, as this may enhance our ability to stratify patients based on treatment and 
prognosis more accurately. In future studies, it would be valuable to stratify CRC patients based on treatment 
modalities (e.g., adjuvant chemotherapy, targeted therapy, etc.) and assess the prognostic value of PIV and 
AGR within these subgroups. This approach could help determine whether these biomarkers maintain their 
prognostic utility across different treatment regimens or whether their predictive power is influenced by specific 
therapeutic interventions. In this study, we recognize that certain confounding factors, such as chronic diseases 
(e.g., diabetes, COPD) and preoperative nutritional interventions, were not fully controlled for, which could 
introduce bias into the results. Diabetes is often associated with a chronic inflammatory state, which may 
affect the levels of inflammatory markers. Similarly, COPD patients may exhibit different immune responses 
compared to healthy individuals. Furthermore, preoperative nutritional interventions are known to enhance 
immune function and modulate inflammatory responses, which could also impact markers like PIV and AGR.

Thus, we suggest that future research should consider controlling for these variables more comprehensively. 
Prospective studies should collect detailed data on chronic diseases and preoperative nutritional interventions, 
allowing for more precise adjustment and stratification. These factors should be accounted for in future studies 
to strengthen the validity and generalizability of the findings. Nonetheless, we also confirmed by our analysis 
that PIV and AGR are independent risk factors for poor prognosis in CRC patients. We developed a simple 
predictive model to identify the inflammatory status of patients before surgery. This helps to provide preventive 
measures and personalized treatment to patients promptly.

Conclusion
In conclusion, to the best of our knowledge, this is the first study to correlate the interrelationship between PIV 
and AGR in clinical outcomes in CRC patients. We demonstrated that PIV and AGR are independent predictors 
of prognosis in patients with stage I–III CRC. Column line plots based on PIV and AGR can provide intuitive 
and accurate prognostic predictions for individual patients. In conclusion, as a low-cost, noninvasive, easily 
assessable, and reproducible prognostic parameter, PIV and AGR can be simple and powerful indicators to 
identify different prognoses in patients with stage I–III CRC.

Data availability
All data generated or analysed during this study are included in this published article.
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