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Abstract: Systemic inflammation represents a crucial pathophysiological link between cancer, cardiovascular dis-
ease, and mortality, yet the predictive value of individual inflammatory indices is still unclear. The cohort study 
of 1,752 cancer survivors developed new Integrated Inflammation Response Scores (IIRS) using principal com-
ponent analysis. The IIRS-1 predicted all-cause mortality with a C-index of 0.721 over a median follow-up of 113 
months with 761 deaths (169 cardiovascular deaths), whereas the parsimonious IIRS-2 (combining neutrophil-to-
lymphocyte and monocyte-to-lymphocyte ratios) demonstrated exceptional performance for cardiovascular mortality 
(C-index: 0.771, 10-year AUC: 0.811), greatly outperforming most single indices. An independent external validation 
cohort of 923 cancer survivors confirmed the discriminatory performance of IIRS-1 (C-index: 0.653) and IIRS-2 
(C-index: 0.736). The clinical utility was validated by nomograms and decision curve analysis, and the monocyte-to-
lymphocyte ratio demonstrated a nonlinear correlation with the risk of cardiovascular mortality (threshold: 0.3). The 
IIRS offers a robust, clinically practical tool for risk assessment and precise intervention in cancer survivorship care.
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Introduction

The increasing population of cancer survivors 
worldwide poses a significant challenge for 
long-term health management. These individu-
als still have a much higher long-term mor- 
tality than the general population, despite 
advancements in cancer treatment [1]. A large 
number of excess deaths are caused by non-
cancer causes, especially cardiovascular dis-
ease (CVD) [2, 3]. There is growing evidence 
that chronic, low-grade systemic inflammation 
serves as a key mechanistic link between can-
cer and CVD, even though part of this increased 
risk can be attributed to treatment-related car-
diotoxicity (e.g., anthracyclines, radiation) [4, 
5]. This inflammatory situation, which is caused 
and worsened by cancer and its treatments, 
can increase cardiovascular incidents and 
overall mortality. This happens through endo-
thelial dysfunction, oxidative stress, and ath-
erogenesis [4, 6-8].

In this context, identifying high-risk survivors 
and implementing early intervention are impor-
tant. Effective biomarkers that can quantify this 
systemic inflammatory burden offer a promising 
avenue. Due to the low cost and high accessibil-
ity, inflammation indices derived from routine 
complete blood counts (CBC), such as the neu-
trophil-to-lymphocyte ratio (NLR) and platelet-
to-lymphocyte ratio (PLR), have been widely 
studied [9, 10]. However, these indices are 
intrinsically fragmentary. They each only cap-
ture a single aspect of the intricate inflamma-
tion-immune network, failing to represent its 
overall activity and complexity. This limits their 
predictive efficacy and stability across different 
studies and populations, particularly in distin-
guishing between all-cause and cause-specific 
mortality. In theory, a shift from the evaluation 
of single signals to the characterization of  
the integrated inflammatory state may offer a 
more comprehensive understanding of the 
underlying pathophysiological mechanisms. For 
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instance, the monocyte-to-lymphocyte ratio 
(MLR) exemplifies the activation of the mono-
cyte/macrophage axis [11, 12]. It is regarded 
as a principal factor in the development and 
instability of atherosclerotic plaque. The neu-
trophil-to-lymphocyte ratio (NLR) indicates the 
equilibrium between innate pro-inflammatory 
(neutrophil) and adaptive immune (lymphocyte) 
responses [13]. Neutrophils can recruit and 
activate monocytes, and then the two cell ty- 
pes jointly amplify vascular inflammation and 
exhibit synergistic effects in atherosclerosis. 
Thus, integrating indices, such as NLR and 
MLR, into a single composite score could better 
capture the synergistic inflammatory pathways 
that contribute to cardiovascular risk in cancer 
survivors.

Therefore, we aimed to incorporate multiple 
complementary inflammatory indices into a 
comprehensive scoring system. This could pro-
vide a more comprehensive and stable quantifi-
cation of the systemic inflammatory burden in 
cancer survivors, thereby enabling more pre-
cise prediction of the risk of all-cause and car-
diovascular mortality [14].

We utilized the large, nationally representative 
cohort from the National Health and Nutrition 
Examination Survey (NHANES) to comprehen-
sively assess the associations between various 
systemic inflammatory indices and mortality 
outcomes among cancer survivors [4, 9, 15]. In 
order to better predict all-cause and cardiovas-
cular mortality, we developed and validated 

new Integrated Inflammation Response Sco- 
res, optimized for predicting all-cause and car-
diovascular mortality, respectively [15, 16]. 
Additionally, we conducted a thorough compari-
son between the predictive performance and 
clinical net benefit of these new scores and 
conventional individual indices. Through de- 
veloping a robust and clinically practical bio-
marker for long-term risk stratification and pre-
cision management in cancer survivors, we 
offer new insight into the shared inflammatory 
mechanisms linking cancer and cardiovascular 
disease.

Methods

Study design and population

Data from successive cycles of the National 
Health and Nutrition Examination Survey (NH- 
ANES, 2001-2010) were used in this retrospec-
tive cohort study. All participants provided writ-
ten informed consent, and the survey protocol 
was approved by the National Center for Health 
Statistics (NCHS) Ethics Review Board.

We included adult participants (age ≥18 years) 
who self-reported a physician-diagnosed histo-
ry of cancer. Exclusion criteria were: missing 
key hematological data (CBC components 
required for index calculation), missing data on 
demographics or key clinical characteristics, or 
missing follow-up survival status information 
(Figure 1). The sample size was determined by 
data availability; with 761 all-cause deaths and 
169 cardiovascular deaths, events per variable 
exceeded 10, providing adequate statistical 
power.

An independent validation cohort consisting of 
adult cancer survivors treated at the Fourth 
Affiliated Hospital of Hebei Medical University 
between 2018 and 2021 was used. The same 
inclusion and exclusion criteria as the NHANES 
cohort were applied. This study was approved 
by the Ethics Committee of the Fourth Hos- 
pital of Hebei Medical University (2026KT141) 
and was conducted in accordance with the 
Declaration of Helsinki. All participants provid-
ed informed consent.

Follow-up and loss to follow-up

Participants were followed up from the date of 
the baseline interview until death or December 
31, 2019, whichever occurred first. Loss to fol-

Figure 1. Study participant flow diagram. This flow-
chart details the selection of the study cohort from 
the National Health and Nutrition Examination Sur-
vey (NHANES, 2001-2010) cycles. The final analyti-
cal cohort consisted of 1,752 adult cancer survivors 
with complete data on inflammation indices, key co-
variates, and mortality follow-up.
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low-up was defined as the absence of mortality 
linkage data or survival status information in 
the National Death Index (NDI) database. 
Individuals with missing survival status or fol-
low-up duration were excluded from the analy-
sis. For the external validation cohort, follow-up 
was conducted through medical record review 
and telephone interviews, with censoring on 
the date of last contact or September 30, 2025. 
Loss to follow-up was defined as inability to 
ascertain survival status after the last known 
contact.

Definitions and measurement of variables

Inflammatory indices: Calculated from labora-
tory measurements of CBC components as fol-
lows [9]: NLR: Neutrophil count/Lymphocyte 
count; PLR: Platelet count/Lymphocyte count; 
MLR: Monocyte count/Lymphocyte count; SII: 
(Neutrophil count × Platelet count)/Lymphocyte 
count; MII-1: NLR × C-reactive protein (CRP); 
MII-2: PLR × CRP; MII-3: SII × CRP.

Baseline cardiovascular disease (CVD): A histo-
ry of CVD was defined as self-reported pres-
ence of any of the following: congestive heart 
failure, coronary heart disease, angina/angina 
pectoris, or heart attack. For the NHANES 
cohort, this was derived from the questionnaire 
items MCQ160b-e. The same definition was 
applied to the external validation cohort using 
equivalent medical record documentation.

Outcomes: The primary outcomes were all-
cause mortality and cardiovascular mortality. 
Mortality status and cause of death were deter-
mined by linkage to the National Death Index 
(NDI) database through December 31, 2019. 
Cardiovascular mortality was defined where the 
underlying cause of death was coded as ICD-10 
diseases of the circulatory system.

Covariates: Covariates collected from stan-
dardized interviews, questionnaires, and physi-
cal examinations included: age, sex, race/eth-
nicity, education level, smoking, alcohol, and 
history of hypertension and diabetes.

Statistical analysis

Baseline characteristics: The characteristics of 
participants were delineated according to their 
baseline CVD status. Continuous variables are 
shown as mean (standard deviation), while cat-

egorical variables are shown as number (per-
centage). Student’s t-test or Chi-squared test 
was used to compare groups.

Association analysis: Univariable and multivari-
able Cox proportional hazards regression mod-
els were employed to calculate hazard ratios 
(HRs) and 95% confidence intervals (CIs) for the 
correlations between inflammatory indices and 
all-cause mortality. For cardiovascular mortali-
ty, the Fine-Gray subdistribution hazards model 
was employed, considering non-cardiovascular 
deaths as competing risks. Multivariable mod-
els included age, sex, race/ethnicity, education, 
smoking, alcohol consumption, hypertension, 
and diabetes.

Collinearity assessment: The variance inflation 
factor (VIF) was used to assess multicollineari-
ty among the seven inflammatory indices. A VIF 
>10 was deemed indicative of significant 
multicollinearity.

IIRS score construction: Inflammatory indices 
that showed significant associations with the 
outcomes in multivariable models were includ-
ed in a principal component analysis (PCA) to 
construct the Integrated Inflammation Res- 
ponse Scores (IIRS-1 for all-cause mortality 
and IIRS-2 for cardiovascular mortality). All indi-
ces were standardized using Z-scores before 
analysis. The IIRS scores were defined as 
weighted linear combinations of selected indi-
ces according to the loadings of the first princi-
pal component.

Model performance validation

Discriminatory ability: Harrell’s C-index was cal-
culated. Time-dependent ROC curves were 
plotted, and AUC values at 1, 3, 5, and 10  
years were calculated to compare the IIRS 
scores with individual indices. For each time 
point, differences in AUC between the IIRS 
scores and each single index were assessed 
using DeLong’s test for paired AUC compari-
sons, as implemented in the timeROC package. 
Clinical cutoffs for IIRS-1 and IIRS-2 were set at 
their medians.

Clinical utility: Nomograms that included the 
IIRS scores and key covariates were developed. 
Decision curve analysis (DCA) was conducted 
to assess the clinical net benefit. Calibration 
curves and the Gronnesby-Borgan goodness-
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of-fit test were used to evaluate the 
nomogram.

Subgroup analysis and interaction: Subgroup 
analyses, based on age, sex, smoking status, 
alcohol use, hypertension, diabetes, and the 

type of cancer, were performed. Likelihood 
ratio tests were used to test for interaction 
effects.

CVD risk analysis: The relationships between 
inflammatory indices and prevalent CVD at 

Table 1. Baseline characteristics of cancer survivors by cardiovascular disease (CVD) status
Level Total non-CVD CVD P
n 1752 1400 352
Sex (%) <0.001
    Female 925 (52.797) 774 (55.286) 151 (42.898)
    Male 827 (47.203) 626 (44.714) 201 (57.102)
Age (mean (SD)) 66 (15) 64 (15) 72 (10) <0.001
Race (%) 0.016
    Mexican American 106 (6.050) 87 (6.214) 19 (5.398)
    Non-Hispanic Black 208 (11.872) 177 (12.642) 31 (8.807)
    Non-Hispanic White 1344 (76.712) 1053 (75.214) 291 (82.670)
    Other Hispanic 58 (3.311) 54 (3.857) 4 (1.136)
    Other Race 36 (2.055) 29 (2.071) 7 (1.987)
Education (%) <0.001
    9-11th grade 242 (13.813) 173 (12.357) 69 (19.602)
    College graduate or above 416 (23.744) 358 (25.571) 58 (16.477)
    High school graduate 431 (24.600) 352 (25.143) 79 (22.443)
    Less than 9th grade 200 (11.416) 142 (10.143) 58 (16.477)
    Some college or AA degree 463 (26.427) 375 (26.786) 88 (25.000)
Alcohol (%) 0.001
    No 573 (32.705) 432 (30.857) 141 (40.057)
    Yes 1179 (67.295) 968 (69.143) 211 (59.943)
Smoke (%) 0.001
    No 765 (43.664) 640 (45.714) 125 (35.511)
    Yes 987 (56.336) 760 (54.286) 227 (64.489)
Hypertension (%) <0.001
    No 780 (44.521) 685 (48.929) 95 (26.989)
    Yes 972 (55.479) 715 (51.071) 257 (73.011)
Diabetes (%) <0.001
    Borderline 49 (2.797) 32 (2.286) 17 (4.830)
    No 1400 (79.909) 1176 (84.000) 224 (63.636)
    Yes 303 (17.295) 192 (13.714) 111 (31.534)
NLR (mean (SD)) 2.531 (1.362) 2.443 (1.271) 2.892 (1.631) <0.001
PLR (mean (SD)) 144.552 (65.791) 143.933 (64.079) 147.042 (72.238) 0.428
MLR (mean (SD)) 0.332 (0.174) 0.321 (0.161) 0.371 (0.170) <0.001
SII (mean (SD)) 628.817 (388.611) 615.826 (376.510) 680.444 (430.145) 0.005
MII-1 (mean (SD)) 1.652 (5.170) 1.431 (3.613) 2.551 (8.972) <0.001
MII-2 (mean (SD)) 84.729 (198.553) 77.562 (166.567) 113.223 (291.641) 0.003
MII-3 (mean (SD)) 436.800 (1300.832) 387.682 (1024.491) 632.151 (2051.890) 0.002
Data are presented as Mean (Standard Deviation) for normally distributed continuous variables, and Number (Percentage) 
for categorical variables. P-values were derived from Student’s t-test, or Chi-squared test, as appropriate. Abbreviations: NLR, 
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; SII, systemic immune-in-
flammation index; MII, modified inflammation index. CVD was defined as self-report of congestive heart failure, coronary heart 
disease, angina, or myocardial infarction based on NHANES questionnaire data.
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baseline were evaluated using multivariable 
logistic regression. Restricted cubic splines 
(RCS) with 4 knots were used to investigate the 
nonlinear relationship between MLR and CVD 
risk.

R software (version 4.2.3) was used for all sta-
tistical analyses. Statistical significance was 
defined as a two-sided P-value <0.05.

Results

Study population baseline characteristics

The final analytical cohort comprised 1,752 
cancer survivors (Figure 1). Among them, 352 
(20.1%) had prevalent CVD at baseline. As 
shown in Table 1, compared to survivors with-
out CVD, those with CVD were more likely to be 
male, older, non-Hispanic White, have lower 
education levels, be smokers, and have a his-
tory of hypertension and diabetes. Regarding 
inflammatory indices, participants with CVD 
had significantly higher median levels of NLR, 
MLR, SII, and all MIIs (all P<0.05), while PLR did 
not differ significantly between the groups.

Associations of inflammatory indices with mor-
tality risk

Univariable analysis results are presented in 
Table 2. Multivariable Cox regression analysis, 

after adjusting for covariates, showed that NLR, 
PLR, MLR, SII, MII-1, MII-2, and MII-3 were all 
significantly associated with an increased risk 
of all-cause mortality. In the competing-risk 
regression model for cardiovascular mortality, 
NLR, PLR, MLR, SII, and MII-3 exhibited signifi-
cant independent correlations, while MII-1 and 
MII-2 did not. Kaplan-Meier survival curves and 
cumulative incidence function curves visually 
demonstrated the survival differences when 
stratified by these indices (Figure 2).

Development and performance of the integrat-
ed inflammation response scores (IIRS)

Variance inflation factor (VIF) analysis showed 
no severe multicollinearity among the seven 
inflammatory indices, with VIF values ranging 
from 1.98 to 9.65 (NLR: 4.316, PLR: 3.075,  
SII: 4.200, MLR: 1.978, MII-1: 7.132, MII-2: 
5.718, MII-3: 9.646). The correlation matrix 
was 10.870, which further indicated that col-
linearity was acceptable. Consequently, all indi-
ces were preserved for principal component 
analysis.

According to the multivariable analysis results, 
IIRS-1 was constructed using all seven indices 
to predict all-cause mortality, while IIRS-2 was 
constructed using NLR and MLR for cardiovas-
cular mortality prediction. The PCA-derived 
weighting coefficients were as follows: 

Table 2. Univariate Cox regression analysis for associations with all-cause mortality and cardiovascu-
lar mortality

Variable
Overall Survival CVD Survival

HR 95% CI P HR 95% CI P
Sex 0.593 0.514-0.685 <0.001 0.563 0.415-0.765 <0.001
Age 4.701 3.888-5.683 <0.001 9.869 5.801-16.792 <0.001
Race 1.227 1.106-1.361 <0.001 1.169 0.939-1.455 0.162
Education 0.840 0.796-0.887 <0.001 0.842 0.752-0.944 <0.001
Alcohol 1.192 1.028-1.382 <0.001 1.325 0.972-1.807 0.075
Smoke 0.763 0.660-0.883 <0.001 0.921 0.680-1.249 0.598
Hypertension 0.565 0.486-0.656 <0.001 0.521 0.377-0.719 <0.001
Diabetes 0.612 0.520-0.719 <0.001 0.495 0.356-0.688 <0.001
NLR 1.282 1.232-1.335 <0.001 1.308 1.205-1.421 <0.001
PLR 1.003 1.002-1.004 <0.001 1.003 1.001-1.005 0.004
MLR 6.951 5.338-9.051 <0.001 9.467 5.947-15.072 <0.001
SII 1.001 1.00-1.001 <0.001 1.001 1.00-1.001 <0.001
MII-1 1.036 1.027-1.045 <0.001 1.036 1.017-1.055 <0.001
MII-2 1.001 1.00-1.001 <0.001 1.001 1.000-1.001 0.012
MII-3 1 1.000-1.000 <0.001 1 1.000-1.000 0.005
Because MLR has a narrow range (0.03-2.25), the HR of 6.951 represents the effect of a one-unit increase.
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IIRS-1 = (0.39 × NLR) + (0.34 × PLR) + (0.41 × 
SII) + (0.30 × MLR) + (0.38 × MII-1) + (0.40 × 
MII-2) + (0.41 × MII-3)

IIRS-2 = (0.71 × NLR) + (0.71 × MLR)

Performance validation (Table 3) showed that 
IIRS-1 predicted all-cause mortality with a 
C-index of 0.721. Its AUC values at 1, 3, 5, and 
10 years were 0.703, 0.707, 0.732 and 0.764, 
respectively, and overall superior to any single 

index. For cardiovascular mortality, IIRS-2 
exhibited superior discrimination (C-index = 
0.771) and maintained high long-term predic-
tive accuracy (5-year AUC = 0.803; 10-year  
AUC = 0.811, Table 4). DeLong’s test confirmed 
that the IIRS scores achieved significantly high-
er AUCs than several individual indices at key 
time points (Tables 3, 4). Kaplan-Meier and 
cumulative incidence curves based on the IIRS 
scores effectively demonstrated their predic-
tive value for risk stratification (Figure 3A, 3B).

Figure 2. Association of individual inflammation indices with mortality risk. A-G: Kaplan-Meier curves for all-cause 
mortality, stratified by the median value of each inflammation index. The log-rank test was used for comparisons. H, 
I: Cumulative incidence function curves for cardiovascular mortality, stratified by the median value of NLR or MLR, 
with non-cardiovascular deaths treated as competing risks (Gray’s test).
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To evaluate the generalizability of the IIRS, we 
validated the scores in an independent cohort 
of 923 cancer survivors from 2018 to 2021 
(Table 5). In this external cohort, the discrimi-
native performance of IIRS-1 for all-cause mor-
tality remained robust, with a C-index of 0.653 
and 5-year AUC of 0.794. For cardiovascular 
mortality, IIRS-2 achieved a C-index of 0.736 
and a 5-year AUC of 0.863. Both scores catego-
rized patients into high- and low-risk groups for 
all-cause and cardiovascular mortality, respec-
tively (Figure 3C, 3D). These results support the 
generalizability and stability of the IIRS across 
different cohorts.

Nomogram development and clinical utility

To improve clinical utility, nomograms integrat-
ing the IIRS with key clinical variables were 
established (Figure 4). The nomogram for pre-
dicting 3- and 5-year all-cause mortality had a 
C-index of 0.714. ROC analysis confirmed the 
stable and sustained superiority of the IIRS 
scores during long-term follow-up. DCA indicat-
ed that using this nomogram for clinical deci-
sion-making provided a net benefit across a 
wide range of threshold probabilities. The cali-
bration curves at 3 and 5 years demonstrated 

strong concordance between predicted and 
observed mortalities. The Gronnesby-Borgan 
goodness-of-fit test produced non-significant 
P-values (3-year: 0.322; 5-year: 0.261), con-
firming sufficient calibration. Similarly, the IIRS-
2-based nomogram displayed excellent pre- 
diction accuracy for cardiovascular mortality 
(C-index = 0.766).

Subgroup and interaction analysis

Subgroup analysis revealed that IIRS-1 was sig-
nificantly associated with all-cause mortality 
risk across all prespecified subgroups, and 
tests for interaction found no significant hetero-
geneity (all P for interaction >0.05) (Figure 5). 
IIRS-2 showed similar robustness in predicting 
the risk of cardiovascular mortality across 
subgroups.

Association between inflammatory indices and 
cardiovascular disease risk

According to multivariable logistic regression 
analysis, only MLR was found to be indepen-
dently associated with prevalent CVD status at 
baseline among all inflammatory indices (Table 
6). RCS analysis (Figure 6) showed that MLR 

Table 3. Predictive performance comparison: IIRS-1 and individual inflammatory indices for all-cause 
mortality

Variable C-index
AUC (months)

12 P 36 P 60 P 120 P
NLR 0.720 0.678 0.006 0.698 0.020 0.732 0.006 0.766 0.009
PLR 0.710 0.683 0.017 0.687 0.001 0.715 0.001 0.753 0.001
SII 0.715 0.688 0.007 0.692 0.001 0.723 0.001 0.759 0.001
MLR 0.719 0.688 0.054 0.696 0.007 0.733 0.014 0.765 0.032
MII-1 0.709 0.676 0.083 0.688 0.003 0.716 0.053 0.752 0.002
MII-2 0.709 0.678 0.009 0.687 0.004 0.714 0.032 0.752 0.001
MII-3 0.709 0.678 0.008 0.686 0.008 0.715 0.062 0.752 0.012
IIRS1 0.721 0.703 - 0.707 - 0.732 - 0.764 -
P values were calculated using DeLong’s test comparing the AUCs of each single index with that of IIRS-1.

Table 4. Predictive performance comparison: IIRS-2 and constituent indices for cardiovascular mor-
tality

Variable C-index
AUC (months)

12 P 36 P 60 P 120 P
NLR 0.763 0.628 0.086 0.717 0.003 0.794 0.008 0.801 0.004
MLR 0.769 0.676 0.006 0.733 0.005 0.796 0.037 0.808 0.002
IIRS2 0.771 0.641 - 0.723 - 0.803 - 0.811 -
P values were calculated using DeLong’s test comparing the AUCs of each single index with that of IIRS 2.
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and CVD are not linearly related (P for nonlin-
earity <0.01). A risk threshold was observed at 
MLR ≈ 0.3, beyond which CVD risk increased 
dramatically with rising MLR.

Discussion

We developed and validated a novel Integrated 
Inflammation Response Score (IIRS) and sys-
tematically evaluated its predictive value for 
long-term outcomes in cancer survivors in  
this nationally representative NHANES-based 

cohort study. Our results revealed several key 
findings. First, IIRS-1, which combines seven 
peripheral blood inflammatory indices, can 
independently predict all-cause mortality with 
high accuracy and consistent performance 
over time. Second, the IIRS-2, comprising NLR 
and MLR, demonstrated superior performance 
in predicting cardiovascular mortality, particu-
larly during long-term follow-up. Third, there 
was a nonlinear link between MLR and baseline 
CVD risk, with a turning point around 0.3. 
Finally, both the IIRS-1 and IIRS-2 models dem-

Figure 3. Prognostic performance of the integrated inflammation response scores (IIRS) in the NHANES (A, B) and 
external validation (C, D) cohorts. (A, C) Kaplan-Meier curves for all-cause mortality stratified by the median IIRS-1 
score. (B, D) Cumulative incidence function curves for cardiovascular mortality stratified by the median IIRS-2 score. 
Both scores demonstrate superior risk stratification compared to individual indices in both cohorts.
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onstrated robust correlations across major 
demographic and clinical subgroups, validating 
their generalizability.

In line with previous studies, our results sup-
port the significant link between systemic 
inflammation and adverse outcomes in cancer 
survivors. However, a key advancement of this 
study is the demonstration that the IIRS can 
surmount the constraints of single indices, 
marking a paradigm shift from dependence  
on “single signals” to assessing “network 
status”.

The IIRS’s capacity to capture the inflamma- 
tory network’s activity in multiple dimensions 
explains its predictive advantage. Different 
immune and inflammatory pathways are repre-
sented by peripheral blood cell indices: NLR 
represents the innate-adaptive immune bal-
ance, neutrophil-driven pro-inflammatory sta-
tus, and lymphocyte-related immune surveil-
lance capacity [13]; PLR is associated with 
platelet-involved thrombo-inflammation [10, 
17]; MLR represents the monocyte/macro-
phage axis, which is crucial in the formation, 
progression, and rupture of atherosclerotic 

Table 5. Baseline characteristics of the external validation cohort
Level Total non-CVD CVD P
n 923 730 193
Sex (%) <0.001
    Female 474 (51.354) 403 (55.205) 71 (36.788)
    Male 449 (48.646) 327 (44.795) 122 (63.212)
Age (mean (SD)) 67 (13) 66 (13) 72 (10) <0.001
Education (%) 0.238
    9-11th grade 93 (10.076) 70 (9.682) 23 (11.917)
    College graduate or above 240 (26.002) 202 (27.671) 38 (19.689)
    High school graduate 202 (21.885) 155 (21.233) 47 (24.352)
    Less than 9th grade 61 (6.609) 47 (6.438) 14 (7.254)
    Some college 327 (35.428) 256 (35.068) 71 (36.788)
Alcohol (%) 1
    No 173 (18.743) 137 (18.767) 36 (18.652)
    Yes 750 (81.257) 593 (81.2) 157 (81.347)
Smoke (%) <0.001
    No 426 (46.154) 365 (50.0) 61 (31.606)
    Yes 497 (53.846) 365 (50.0) 132 (68.394)
Hypertension (%) <0.001
    No 387 (41.928) 345 (47.260) 42 (21.762)
    Yes 536 (58.072) 385 (52.740) 151 (78.238)
Diabetes (%) <0.001
    Borderline 41 (4.442) 31 (4.247) 10 (5.181)
    No 669 (72.481) 554 (75.890) 115 (59.585)
    Yes 213 (23.077) 145 (19.863) 68 (35.233)
NLR (mean (SD)) 2.570 (1.841) 2.501 (1.753) 2.844 (2.142) 0.024
PLR (mean (SD)) 129.833 (66.262) 130.134 (65.093) 128.673 (70.701) 0.785
MLR (mean (SD)) 0.351 (0.192) 0.343 (0.192) 0.391 (0.192) 0.001
SII (mean (SD)) 580.771 (479.204) 575.773 (465.801) 599.71 (527.651) 0.537
MII-1 (mean (SD)) 1.576 (4.876) 1.399 (4.148) 2.245 (6.948) 0.032
MII-2 (mean (SD)) 72.282 (188.332) 68.394 (178.919) 86.987 (220.238) 0.223
MII-3 (mean (SD)) 378.848 (125.413) 356.366 (1212.035) 463.886 (1402.139) 0.291
Data are presented as Mean (Standard Deviation) for normally distributed continuous variables, and Number (Percentage) 
for categorical variables. P-values were derived from Student’s t-test, or Chi-squared test, as appropriate. Abbreviations: NLR, 
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; SII, systemic immune-in-
flammation index; MII, modified inflammation index. CVD was defined as self-report of congestive heart failure, coronary heart 
disease, angina, or myocardial infarction.
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plaques [11, 12, 18-20]. Integrating these com-
plementary signals via PCA reduces the noise 
and instability inherent to single indices, there-

MLR and baseline CVD risk were found to have 
a nonlinear relationship, with risk increasing 
significantly beyond MLR ≈ 0.3. This threshold 

Figure 4. Development and validation of a nomogram for predicting all-cause mortality. A: Nomogram for predicting 
3- and 5-year all-cause mortality probability, integrating the IIRS-1 score with key clinical variables. B: Time-depen-
dent receiver operating characteristic (ROC) curves at 5 years. C: Decision curve analysis (DCA) showing the net clin-
ical benefit of the nomogram across a range of threshold probabilities. D: Calibration curve at 3 years. The dashed 
diagonal line represents perfect calibration; the black line indicates observed mortality probabilities; the blue line 
represents optimism-corrected estimates derived from 200 bootstrap resamples. E: Calibration curve at 5 years.

Figure 5. Subgroup analysis of the association between IIRS and mortality. 
Forest plots of hazard ratios for the association between (A) IIRS-1 and all-
cause mortality, and (B) IIRS-2 and cardiovascular mortality, across prespeci-
fied subgroups. P-values for interaction were non-significant in all subgroups, 
supporting the robustness of the associations. Squares indicate HRs; hori-
zontal bars represent 95% confidence intervals (CIs); the vertical dashed line 
is the null effect (HR = 1).

by providing a more compre-
hensive quantification of the 
long-term, low-grade chronic 
inflammatory load. The IIRS-2 
combines NLR and MLR to 
capture the synergistic neu-
trophil-monocyte axis, which 
is important for atherosclero-
sis. Neutrophils initiate pla- 
que formation, while mono-
cytes drive plaque progres-
sion and rupture; their inter-
action exacerbates vascular 
inflammation [17-19]. By inte-
grating both parts of this syn-
ergistic process, IIRS-2 better 
reflects the overall inflamma-
tory burden than either index 
alone, which explains its su- 
perior performance in predict-
ing cardiovascular mortality.

While previous studies have 
linked individual indices such 
as NLR, PLR, or SII to the 
prognosis of cancer or cardio-
vascular disease, the predic-
tive performance of single 
indices is limited by short-
term fluctuations and popula-
tion heterogeneity [15, 21]. 
Our results demonstrate that 
data-driven composite indi-
ces - derived objectively using 
PCA - can perform better than 
single indices in terms of dis-
crimination, calibration, and 
clinical utility. This highlights  
a shift from assessing isolat-
ed inflammatory signals to 
characterizing the broader 
immune-inflammatory lands- 
cape.
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may mark the transition of monocyte-mediated 
vascular inflammation from a “subclinical” to a 
“clinically relevant” state. Future studies should 
investigate whether this threshold can guide 
risk stratification or early intervention strate-
gies in the care of cancer survivorship.

The IIRS relies only on complete blood count 
(CBC) parameters, which are routinely mea-
sured, reasonably priced and easily accessible 
[10]. This facilitates the integration of IIRS into 
routine clinical workflows and screening pro-

grams at the population-level. The IIRS may be 
used for rapid risk screening during follow-up, 
prioritization for cardiology referral, and risk 
assessment in settings with limited resources 
for cancer survivors, a population with an 
increasing cardiovascular burden [22, 23]. IIRS 
is well-suited for practical application and 
potential integration into automated electronic 
health record systems due to its simplicity.

It is also important to acknowledge the limita-
tions of this study. First, the measurement of 

Table 6. Multivariable logistic regression analysis for the association between inflammatory indices 
and prevalent cardiovascular disease

Q1 Q2 Q3 Q4
MLR
    OR Ref. 1.358 1.918 2.308
    95% CI 0.917-2.011 1.295-2.84 1.447-3.681
    P-value 0.132 0.002 0.001
NLR
    OR Ref. 1.018 1.336 1.945
    95% CI 0.672-1.54 0.847-2.108 1.297-2.918
    P-value 0.935 0.217 0.002
PLR
    OR Ref. 0.862 0.839 0.875
    95% CI 0.605-1.227 0.564-1.248 0.595-1.288
    P-value 0.411 0.390 0.501
SII
    OR Ref. 1.147 1.175 1.494
    95% CI 0.766-1.717 0.744-1.858 0.968-2.306
    P-value 0.507 0.492 0.075
MII-1
    OR Ref. 1.312 1.469 2.031
    95% CI 0.895-1.924 0.85-2.538 1.312-3.143
    P-value 0.169 0.173 0.002
MII-2
    OR Ref. 0.985 1.228 1.570
    95% CI 0.695-1.394 0.775-1.946 1.03-2.392
    P-value 0.931 0.385 0.040
MII-3
    OR Ref. 0.975 1.484 1.522
    95% CI 0.689-1.381 0.92-2.395 0.996-2.326
    P-value 0.889 0.111 0.057
Abbreviations: OR, Odds Ratio; CI, Confidence Interval. Each inflammatory index was categorized into quartiles (Q1-Q4) based 
on its distribution in the study population (N = 1,752). The quartile ranges (minimum-maximum) for each index were as fol-
lows: NLR: Q1≤1.646, Q2 1.647-2.216, Q3 2.217-3.100, Q4≥3.101; PLR: Q1≤101.487, Q2 101.488-131.726, Q3 131.727-
174.245, Q4≥174.246; SII: Q1≤380.152, Q2 380.153-543.708, Q3 543.709-775.689, Q4≥775.690; MLR: Q1≤0.222, Q2 
0.223-0.300, Q3 0.301-0.400, Q4≥0.401; MII-1: Q1≤0.200, Q2 0.201-0.507, Q3 0.508-1.331, Q4≥1.332; MII-2: Q1≤12.319, 
Q2 12.320-29.745, Q3 29.746-77.858, Q4≥77.859; MII-3: Q1≤46.392, Q2 46.393-123.179, Q3 123.180-335.101, 
Q4≥335.102. Odds ratios for Q2-Q4 are presented relative to Q1 (reference). Quartile cutoffs were derived from the overall 
sample.
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inflammatory indices at a single time point 
made it hard to assess predictive value of 
dynamic changes in inflammation. Second, 
even though the IIRS was robust in our study, 
external validations across various geographic 
regions, cancer case mixes, or laboratory plat-
forms are needed.

The following directions should be the focus  
of future research. First, external validation 
should be conducted in independent clinical 
cohorts to verify the discrimination and calibra-
tion of IIRS. Second, longitudinal studies ought 
to be undertaken to investigate whether 
dynamic fluctuations in IIRS can enhance real-
time risk prediction. Third, the IIRS needs to be 
validated in recent cancer survivor cohorts, 
especially among those receiving immune 
checkpoint inhibitors and other novel thera-
pies. These new therapies can significantly 
alter systemic inflammation [8], and assessing 
the IIRS in such populations will help recali-
brate risk thresholds. Fourth, interventional tri-
als targeting individuals with elevated IIRS are 
needed to assess whether modifying systemic 
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