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Purpose: This study aimed to examine the predictive ability of inflammatory and nutritional markers and further establish a novel 
inflammatory nutritional prognostic scoring (INPS) system.
Patients and Methods: We collected clinicopathological and baseline laboratory data of 352 patients with DLBCL between 
April 2010 and January 2023 at the First affiliated hospital of Ningbo University. Eligible patients were randomly divided into 
training and validation cohorts (n = 281 and 71, respectively) in an 8:2 ratio. We used the least absolute shrinkage and selection 
operator (LASSO) Cox regression model to determine the most important factors among the eight inflammatory-nutritional variables. 
The impact of INPS on OS was evaluated using the Kaplan–Meier curve and the Log rank test. A prognostic nomogram was 
developed based on the multivariate Cox regression method. Then, we used the concordance index (C-index), calibration plot, and 
time-dependent receiver operating characteristic (ROC) analysis to evaluate the prognostic performance and predictive accuracy of the 
nomogram.
Results: Seven inflammatory-nutritional biomarkers, including neutrophil-lymphocyte ratio (NLR), prognostic nutritional index (PNI), 
body mass index (BMI), monocyte-lymphocyte ratio (MLR), prealbumin, C reactive protein, and D-dimer were selected using the 
LASSO Cox analysis to construct INPS, In the multivariate analysis, IPI-High-intermediate group, IPI-High group, high INPS were 
independently associated with OS, respectively. The prognostic nomogram for overall survival consisting of the above two indicators 
showed excellent discrimination. The C-index for the nomogram was 0.94 and 0.95 in the training and validation cohorts. The time- 
dependent ROC curves showed that the predictive accuracy of the nomogram for OS was better than that of the NCCN-IPI system.
Conclusion: The INPS based on seven inflammatory-nutritional indexes was a reliable and convenient predictor of outcomes in 
DLBCL patients.
Keywords: diffuse large B cell lymphoma, LASSO Cox analysis, inflammatory-nutritional biomarker, prognostic nomograms, overall 
survival

Introduction
Diffuse large B-cell lymphoma (DLBCL) is the most common subtype of non-Hodgkin’s lymphoma.1 Although 
complete remission is achieved in 60% of DLBCL patients with initial standard treatment, about 30–40% will relapse 
or develop refractory disease, which remains a serious challenge.2 In addition, according to gene expression profiling, 
DLBCL could be divided into two primary subtypes: germinal center B-cell-like (GCB) and activated B-cell-like (ABC). 
Patients with ABC DLBCL generally experience a worse prognosis.3 The potential biologic rationale responsible for this 
has yet to be elucidated.4 Considering the heterogeneity of DLBCL, the clinical prognostic indexes have been constructed 
to differentiate the risk of patients, including the National Comprehensive Cancer Network (NCCN)-International 
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Prognostic Index (IPI) and age-adjusted IPI. Yet there are still patients in the low-risk cohort who have worse responses 
to therapy or relapse. This makes the identification of new, highly specific and practical biomarkers essential.

In recent years, more and more attention has been paid to the associations between inflammation and DLBCL. In the 
setting of lymphoma with aggressive characteristics, the accumulation of genetic variants may play an essential role in 
the development of DLBCL. Moreover, complex interactions that exist between immune cells and tumor cells have been 
involved in the unfavorable prognosis of DLBCL.5 Alterations in the peripheral blood immune cells are particularly 
linked to systemic inflammation. Accordingly, studies have reported that pretreatment platelet-lymphocyte ratio (PLR), 
lymphocyte-monocyte ratio (LMR), and neutrophil-lymphocyte ratio (NLR) are prognostic predictors in DLBCL.6–9 In 
addition, tumor mediated-inflammatory cells could release inflammatory cytokines, leading to the activation of the 
coagulation cascade and thrombosis formation. As a degradation product of fibrin, elevated D-dimer could reflect high 
activation of coagulation and fibrinolysis, which was supposed to be related with poor OS of DLBCL.10,11 Furthermore, 
CRP is one of the standard markers that reflect objective inflammation12 and it has shown that elevated CRP has 
a negative prognostic impact on DLBCL.13

Inadequate diet and proliferation of tumor cells have contributed to malnutrition in cancer patients, which in turn leads 
to poor response to treatment. Body mass index (BMI), serum levels of albumin, and prealbumin are often used to identify 
nutritional conditions. Prognostic Nutritional Index (PNI) derived from albumin and lymphocyte counts, which means 
hypoalbuminemia or lymphocytopenia, also reflects nutritional status. Some studies have demonstrated that low BMI, 
prealbumin and PNI are associated with dismal prognosis in DLBCL.14–17 It is worth mentioning that patients with 
malnourishment are always accompanied by hyper-systemic inflammatory status.18 The state of malnutrition may increase 
the severity of inflammation. The inflammatory response reduces albumin synthesis, in turn inducing malnutrition.19 In 
summary, malnutrition and systemic inflammation are both critical indices in the invasion and progression of DLBCL.

To our knowledge, it is not clear how a combination of inflammatory and nutritional variables can be used to predict 
prognosis in DLBCL. Compared to one marker, a prognostic system that incorporates several markers can provide 
enhanced predictive precision. Therefore, the purpose of this research is to examine the predictive ability of inflammatory 
and nutritional markers and further establish a novel inflammatory nutritional prognostic scoring (INPS) system. Then we 
sought to investigate the prognostic value of INPS in DLBCL and combined INPS with other independent factors to 
establish a nomogram for the prediction of the survival of DLBCL, and we confirmed the results in a validation cohort.

Methods and Materials
Study Population
Patients with a new diagnosis of DLBCL treated between April 2010 and January 2023 were retrospectively included in 
the First Affiliated Hospital of Ningbo University. The inclusion conditions were as described below: (1) patients were 
defined as DLBCL according to the WHO classification of lymphomas.20 (2) received 4–8 cycles of R-CHOP regimen 
(3) complete follow-up data (4) complete clinical and laboratory data at initial diagnosis. The exclusion conditions were 
as described below: (1) primary mediastinal DLBCL, primary central nervous systems (CNS) B cell lymphoma, high- 
grade cell lymphoma, and transformed indolent lymphoma (2) patients with active infection, severe hepatic or renal 
insufficiency, and HIV infection when first diagnosis (3) thromboembolic event within 3 months (4) patients had received 
antitumor treatment in other hospitals previously. Patients were randomly assigned to the training and validation groups 
in an 8:2 ratio. This study was approved by the Ethics Committee of the First Affiliated Hospital of Ningbo University in 
line with the principles of the Declaration of Helsinki. The ethics approval number was 2023–097RS-01.

Data Collection
We retrieved clinical and laboratory information including age, gender, COO classification, B symptoms, Ann Arbor 
stage, lactate dehydrogenase (LDH) level, Eastern Cooperative Oncology Group Performance Status (ECOG PS), serum 
β2-microglobulin (β2-MG), CRP, D-dimer, prealbumin, IPI, NCCN-IPI, chemotherapy regimen, and treatment response. 
Peripheral venous blood parameters were recorded within 1 week prior to the first cycle of therapy. The inflammatory or 
nutritional factors were determined as follows: BMI = (weight in kilograms)/ (height in meters)^2; PNI = serum albumin 
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(g/L) + 5 × absolute lymphocyte count (109/L). Monocyte-lymphocyte ratio (MLR), platelet-lymphocyte ratio (PLR), and 
neutrophil-lymphocyte ratio (NLR) were calculated as monocyte/lymphocyte ratio, platelet/lymphocyte ratio, and 
neutrophil/lymphocyte ratio. The Hans algorithms were performed for Cell-of-origin (COO) classification.21 Follow-up 
date was until October 15, 2023. Overall survival (OS) was defined as the time from pathological diagnosis to death from 
any cause or last follow-up.

Statistical Analysis
Patients were randomly partitioned into the training and validation groups with SPSS random seeds. Pearson Chi-square 
test or Fisher’s exact test were applied to compare the categorical variables, while Mann–Whitney U-test was utilized to 
compare the continuous variables. To prevent the possibility of multicollinearity, the least absolute shrinkage and 
selection operator (LASSO) Cox regression model was performed utilizing the R software “glmnet” package. The 
seven most significant inflammatory and nutritional factors were then determined among eight variables and comprised 
the risk model by LASSO regression analysis. The following equation was used to determine the INPS: (Coefficient × 
expression of biomarker1) + (Coefficient × expression of biomarker2) +…+ (Coefficient × expression of biomarkerN). 
The cut-off threshold of INPS was calculated utilizing maximally selected rank statistics (R package “maxstat”). Patients 
were then divided into validation and training cohorts based on the cut-off value. The impact of INPS on OS was 
evaluated using the Kaplan–Meier curve and the Log rank test. The hazard ratio (HR) and 95% confidence interval (95% 
CI) was calculated by the Cox proportional hazards regression model to determine the prognostic impact of each variable 
in the univariate and multivariate analyses. Biomarkers with p < 0.05 in the multivariate analyses were incorporated into 
the stepwise nomogram using of R software “rms” package. To evaluate the effectiveness of the nomogram, the 
concordance index (c index) and the area under curve (AUC) were calculated. Next, model calibration was considered 
to confirm the reliability of the predictive power of the nomogram. The two-sided significance was defined at p-value < 
0.05. R software (version 4.3.1) and SPSS software (version 25.0) were utilized for statistical analyses.

Results
Patient Characteristics
A total of 352 newly diagnosed patients with DLBCL between April 2010 and January 2023 were enrolled in this study. 
The baseline characteristics of 352 patients were summarized in Table 1. The median age was 62 years (interquartile 
range IQR 53–69 years), and 53.7% of patients were older than 60 years age. The ratio of female/male was 0.98:1. 
B symptom was presented in 73 (20.7%) patients. 237 (67.3%) patients had advanced III–IV ann arbor stages, and 75 
(21.3%) patients had performance status ECOG ≥2. β2-MG ≥3.5mg/L was noted in 45 (12.8%) patients. The patients 
with low, low-intermediate, high-intermediate, and high IPI scores were 151 (42.9.%), 89 (25.3%), 65 (18.5%) and 47 
(13.4%), respectively. Among these, 281 patients (79.8%) achieved complete remission (CR), 39 patients (11.1%) 
obtained partial response (PR), and 46 patients (14.4%) experienced relapse after response. The median follow-up was 
44.0 months (95% CI:38.7–49.4). Throughout the follow-up period, 48 (13.6%) deaths occurred. To further increase the 
credibility of our study, these patients were randomized into the training cohort (n = 281) and validation cohort (n = 71) 
at a ratio of 8:2. The baseline characteristics were comparable and well-balanced between the two cohorts.

Construction of the INPS
After examining eight inflammatory-nutritional factors, including BMI, NLR, PLR, PNI, MLR, CRP, prealbumin and 
D-dimer, using LASSO Cox regression analysis, the seven most valuable prognostic variables were selected to construct 
the INPS, including the NLR, CRP, MLR, prealbumin, D-Dimer, BMI and PNI (Supplementary Figure 1A and B). The 
INPS was calculated based on the following formula: INPS=0.08725*NLR-0.06448*BMI-0.12765*PNI+0.19605*MLR 
+0.01368*CRP-0.0016*prealbumin+0.00051*D-Dimer. The best cut-off value of the INPS was −4.763, which was 
determined by using maximally selected rank statistics. Patients were stratified into the low INPS group (INPS < 
−4.763) and the high INPS group (INPS ≥ −4.763). In the training cohort, there were 242 (86.1%) cases in the low INPS 
group and 39 (13.9%) cases in the high INPS group, while the validation cohort included 11 (15.5%) patients with high 
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Table 1 Baseline Characteristics of 352 DLBCL Patients

Characteristics Overall Validation Training p
N (%) N (%) N (%)

N 352 71 281

Age (years)

<60 163 (46.3) 35 (49.3) 128 (45.6) 0.596
≥60 189 (53.7) 36 (50.7) 153 (54.4)

Sex

Female 174 (49.4) 38 (53.5) 136 (48.4) 0.507
Male 178 (50.6) 33 (46.5) 145 (51.6)

Subtype

GCB 144 (40.9) 27 (38.0) 117 (41.6) 0.685
Non-GCB 208 (59.1) 44 (62.0) 164 (58.4)

LDH

Increased 224 (63.6) 45 (63.4) 179 (63.7) 0.960
Normal 128 (36.4) 26 (36.6) 102 (36.3)

B-symptoms

No 279 (79.3) 59 (83.1) 220 (78.3) 0.417
Yes 73 (20.7) 12 (16.9) 61 (21.7)

Ann Arbor stage

I/II 115 (32.7) 22 (31.0) 93 (33.1) 0.779
III/IV 237 (67.3) 49 (69.0) 188 (66.9)

Performance status

0–1 277 (78.7) 54 (76.1) 223 (79.4) 0.521
≥2 75 (21.3) 17 (23.9) 58 (20.6)

β2-MG

<3.5 307 (87.2) 64 (90.1) 243 (86.5) 0.551
≥3.5 45 (12.8) 7 (9.9) 38 (13.5)

INPS
<-4.763 302 (85.8) 60 (84.5) 242 (86.1) 0.706

≥-4.763 50 (14.2) 11 (15.5) 39 (13.9)

IPI
Low 151 (42.9) 26 (36.6) 125 (44.5) 0.466

Low-intermediate 89 (25.3) 21 (29.6) 68 (24.2)

High-intermediate 65 (18.5) 16 (22.5) 49 (17.4)
High 47 (13.4) 8 (11.3) 39 (13.9)

NCCN-IPI 0.153

Low 57 (16.2) 13 (18.3) 44 (15.7)
Low-intermediate 147 (41.8) 23 (32.4) 124 (44.1)

High-intermediate 105 (29.8) 28 (39.4) 77 (27.4)

High 43 (12.2) 7 (9.9) 36 (12.8)
NLR, median (IQR) 2.71 (1.86–4) 2.83 (1.74–4.00) 2.71 (1.86–4.04) 0.920

PLR, median (IQR) 161 (114–244) 171 (131–243) 156 (112–245) 0.303

PNI, median (IQR) 45.9 (40.3–50.8) 45.3 (40.1–51.1) 46.1 (40.4–50.7) 0.892
MLR, median (IQR) 0.38 (0.26–0.67) 0.40 (0.23–0.71) 0.37 (0.27–0.67) 0.989

CRP, median (IQR) 1.98 (0.9–10) 1.98 (1–10) 1.98 (0.81–10.0) 0.569

preALB, median (IQR) 21.5 (17.0–27.0) 21.2 (16.2–25.3) 21.6 (17.2–27.1) 0.310
D-Dimer, median (IQR) 230 (169–400) 230 (128–357) 235 (176–411) 0.300

BMI, median (IQR) 23.4 (22–24.6) 23.5 (22–24) 23.1 (22–24.6) 0.687

Abbreviations: INPS, inflammation and nutrition prognostic score; IQR, interquartile range; GCB, germinal center 
B cell; LDH, lactate dehydrogenase; β2-MG, β2 microglobulin; IPI, International Prognostic Index; NCCN, National 
Comprehensive Cancer Network; BMI, body mass index; PNI, prognostic nutritional index; NLR, neutrophil- 
lymphocyte ratio; PLR, platelet-lymphocyte ratio; MLR, monocyte-lymphocyte ratio; CRP, C-reactive protein; 
preALB, prealbumin.
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INPS and 60 (84.5%) with low INPS. The high INPS group was found to be associated with higher level of LDH 
(P<0.001), high serum β2-MG (P<0.001), more advanced stage (P<0.001), high-risk IPI score (P<0.001), and high-risk 
NCCN-IPI score (P<0.001) both in training and validation groups (Table 2).

Kaplan-Meier curve showed that patients with high INPS had significantly worse OS than those with low INPS both 
in training (Figure 1A, P<0.001) and validation groups (Figure 1B P<0.001). Moreover, in subgroup analysis, similar 
results were found when compared to the overall patient population. We discovered that the high INPS group had worse 
OS than the low INPS group in both female and male groups (Figure 2A and B, both P<0.001), both GCB and non-GCB 
group (Figure 2C and D, both P<0.001), both patients younger than 60 years and older than 60 years (Figure 2E and F, 
both P<0.001).

Table 2 Associations Between Pretreatment INPS Levels and Baseline Characteristics of DLBCL Patients in 
the Training Group and Validation Group

Characteristics Training Group P Validation Group P

INPS<-4.763 INPS≥-4.763 INPS<-4.763 INPS≥-4.763
N (%) N (%) N (%) N (%)

N 242 39 60 11

Age (years)
<60 115 (47.5) 13 (33.3) 0.119 30 (50.0) 5 (45.5) 0.782

≥60 127 (52.5) 26 (66.7) 30 (50.0) 6 (54.5)

Sex
Female 126 (52.1) 10 (25.6) 0.003 31 (51.7) 7 (63.6) 0.527

Male 116 (47.9) 29 (74.4) 29 (48.3) 4 (36.4)

Subtype
GCB 106 (43.8) 11 (28.2) 0.080 23 (38.3) 4 (36.4) 0.999

Non-GCB 136 (56.2) 28 (71.8) 37 (61.7) 7 (63.6)

LDH
Increased 171 (70.7) 8 (20.5) <0.001 45 (75.0) 0 (0.0) 0.001
Normal 71 (29.3) 31 (79.5) 15 (25.0) 11 (100.0)

B-symptoms
No 205 (84.7) 15 (38.5) <0.001 52 (86.7) 7 (63.6) 0.082

Yes 37 (15.3) 24 (61.5) 8 (13.3) 4 (36.4)
Ann Arbor stage

I/II 93 (38.4) 0 (0.0) <0.001 22 (36.7) 0 (0.0) 0.014
III/IV 149 (61.6) 39 (100.0) 38 (63.3) 11 (100.0)

Performance status

0–1 210 (86.8) 13 (33.3) <0.001 48 (80.0) 6 (54.5) 0.118

≥2 32 (13.2) 26 (66.7) 12 (20.0) 5 (45.5)
β2-MG

<3.5 225 (93.0) 18 (46.2) <0.001 58 (96.7) 6 (54.5) 0.001
≥3.5 17 (7.0) 21 (53.8) 2 (3.3) 5 (45.5)

IPI

Low 123 (50.8) 2 (5.1) <0.001 26 (43.3) 0 (0.0) 0.001
Low-intermediate 61 (25.2) 7 (17.9) 18 (30.0) 3 (27.3)
High-intermediate 41 (16.9) 8 (20.5) 13 (21.7) 3 (27.3)

High 17 (7.0) 22 (56.4) 3 (5.0) 5 (45.5)

NCCN-IPI
Low 44 (18.2) 0 (0.0) <0.001 13 (21.7) 0 (0.0) <0.001
Low-intermediate 117 (48.3) 7 (17.9) 21 (35.0) 2 (18.2)

High-intermediate 62 (25.6) 5 (38.5) 24 (40.0) 4 (36.4)
High 19 (7.9) 17 (43.6) 2 (3.3) 5 (45.5)

Note: Significant p value is represented in bold. 
Abbreviations: GCB, germinal center B-cell; INPS, inflammation and nutrition prognostic score; LDH, lactate dehydrogenase; β2-MG, 
β2_microglobulin; IPI, International Prognostic Index; NCCN, National Comprehensive Cancer Network.
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Univariate and Multivariate Cox Analyses for OS
In univariable Cox analysis, male (P=0.026, HR: 2.12, 95% CI: 1.10–4.12), the presence of B symptoms (P<0.001, HR: 
6.95, 95% CI: 3.68–13.12, IPI-Low-intermediate group (P=0.004, HR: 11.61, 95% CI: 2.43–55.41) IPI-High- 
intermediate group (P<0.001, HR: 25.30, 95% CI: 6.18–103.50), IPI-High group (P<0.001, HR: 121.80, 95% CI: 
42.31–350.40), high INPS (P<0.001, HR: 45.09, 95% CI: 14.53–140.00), β2-MG≥3.5 (P<0.001, HR: 7.96, 95% CI: 
4.26–14.88) were predictors of OS. Multivariate Cox models were used to analyze whether the above variables were 
significant independent predictors. In the multivariate analysis, IPI-High-intermediate group (P=0.018, HR: 13.29, 95% 
CI: 1.57–112.77), IPI-High group (P=0.009, HR: 18.05, 95% CI: 2.06–158.16), high INPS were independently associated 
with OS (P <0.001, HR: 25.06, 95% CI:9.37–67.03), respectively, Table 3.

Development of a Novel Prognostic Model Based on INPS
Based on the two independent variables (IPI and INPS), a novel prognostic nomogram was established for survival 
prediction at 1-, 3-, and 5-year (Figure 3). The C-index for the nomogram was 0.94 and 0.95 in the training and 
validation cohorts, respectively. Moreover, this nomogram had significantly superior discriminative ability than NCCN- 
IPI with a C-index of 0.82 and 0.84 in the training and validation cohorts, respectively. The calibration curves 
demonstrated superior concordance between the expected 3- and 5-year OS and the observed situation in the training 
(Figure 4A and B) and validation cohorts (Figure 4C and D). The time-dependent ROC curves could be used to reflect 
and compare the predictive accuracy of these models more intuitively. According to the time-dependent ROC curves, the 
AUCs of nomogram for 1, 3, and 5 years of OS in the training cohort were 0.919, 0.957, and 0.974, respectively. The 
AUCs of NCCN-IPI for 1, 3, and 5 years of OS were 0.864, 0.860, and 0.867, respectively (Figure 4E). In the validation 
cohort, the AUCs of nomogram for 1, 3, and 5 years of OS were 0.970, 0.923, and 0.957, respectively. The AUCs of 
NCCN-IPI for 1, 3, and 5 years of OS were 0.956, 0.849, and 0.853, respectively (Figure 4F). The prognostic accuracy 
and specificity of the nomogram for OS was superior to that of the NCCN-IPI system. The above data illustrated the 
outstanding differentiating capability of the nomogram.

Discussion
In recent years, multiple studies have established predictive models that combine several independent variants and 
explored the prognostic impact of models in the tumor. Predictive models are more accurate than individual variants in 

Figure 1 Overall survival curves obtained with Kaplan-Meier analysis between different INPS groups. (A) Survival curves in the training cohort. (B) Survival curves in the 
validation cohort. 
Abbreviation: INPS, inflammatory-nutritional prognostic scoring.
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Figure 2 Overall survival curves obtained with Kaplan-Meier analysis between different INPS groups in subgroups. Survival curves in female (A) and male group (B), GCB 
(C) and non-GCB group (D), patients younger than 60 years (E) and older than 60 years (F). 
Abbreviations: INPS, inflammatory-nutritional prognostic scoring; GCB, germinal center B cell.
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assessing outcomes. The prognostic role of inflammatory nutritional scoring has been recently reported in breast cancer22 

and multiple myeloma.23 However, there is still no prognostic model that incorporates inflammatory and nutritional 
factors in DLBCL.

In this present study, a prognostic index INPS, consisting of seven inflammatory-nutrition indicators, was demon-
strated to be related to the dismal prognosis of DLBCL. The high INPS group was discovered to have more aggressive 
clinical characteristics, which included higher level of LDH, higher serum β2-MG, more advanced stage, high-risk IPI 
score, and high-risk NCCN-IPI score. It was likely that high INPS was not only associated with a higher inflammatory 
state but also with a higher tumor burden.

The IPI staging system mainly reflects the tumor burden that was used in the pre-rituximab era.24,25 Currently, The 
NCCN-IPI, based on accessible and robust clinical parameters with a more precise definition of extranodal site 
involvement, has been widely used for the stratification of DLBCL.26 However, these models include only one laboratory 
parameter, failing to consider the role of the inflammatory microenvironment in tumor progression and nutritional status 
in chemotherapy tolerance. In this study, individuals with high INPS have been proven to have worse mortality outcomes 
compared with patients with low INPS. A subgroup analysis also confirmed consistent results across different age, gender 
and GEP groups. Through multivariate analysis, we found that high-grade IPI and high INPS had substantial association 
with poorer OS, which indicated that INPS could predict inferior outcomes independently of the IPI system. In particular, 
the INPS could identify higher-risk patients with inferior prognosis among the high-risk IPI group (3-year OS: INPS 
high-risk group 9.8% vs INPS low-risk group 75.8%, P<0.001, Supplementary Figure 2A) and high-risk NCCN-IPI 
group (3-year OS: INPS high-risk group 6.6% vs INPS low-risk group 79.9%, P<0.001, Supplementary Figure 2B). 
Subsequently, we incorporated two significant clinicopathologic factors, IPI and INPS, to create a prognostic nomogram. 
We compared the nomogram and NCCN-IPI to identify the model with the higher predictive accuracy for outcomes in 
DLBCL patients. When AUC was calculated, the nomogram showed a higher value compared to NCCN-IPI. As 

Table 3 Univariate and Multivariate Analysis of Prognostic Factors for OS

Variable Univariate Analysis Multivariate Analysis

HR (95% CI) P HR (95% CI) P

Gender

Female 1 0.026 1 0.853
Male 2.12 (1.10–4.12) 1.07 (0.51–2.27)

Subtype

GCB 1 0.055
Non-GCB 1.97 (0.99–3.95)

B symptoms

Absent 1 <0.001 1 0.537
Present 6.95 (3.68–13.12) 1.27 (0.60–2.69)

IPI

Low 1 1
Low-intermediate 11.61 (2.43–55.41) 0.004 5.33 (0.61–46.88) 0.132

High-intermediate 25.30 (6.18–103.50) <0.001 13.29 (1.57–112.77) 0.018
High 121.80 (42.31–350.40) <0.001 18.05 (2.06–158.16) 0.009

INPS

<-4.763 1 <0.001 1 <0.001
≥-4.763 45.09 (14.53–140.00) 25.06 (9.37–67.03)

β2-MG

<3.5 1 <0.001 1 0.517

≥3.5 7.96 (4.26–14.88) 1.267 (0.62–2.58)

Note: The bold values indicate that p < 0.05 and the corresponding factors are significantly associated with 
survival. 
Abbreviations: GCB, germinal center B-cell; IPI, International Prognostic Index; INPS, inflammation and nutri-
tion prognostic score; β2-MG, β2_microglobulin; OS, overall survival.
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a combined effect of the tumor burden and inflammation, this nomogram could provide information for clinicians to 
select an appropriate initial regimen for patients. However, it should be emphasized that INPS is intended to be 
a supplement to IPI score to improve the accuracy of prognostic prediction of IPI, rather than to replace it.

Glasgow prognostic score (GPS), incorporating CRP and albumin, is also a simplified tool based on inflammation and 
nutrition with predictive ability in patients with DLBCL.27 On the basis of the cut-off values of CRP and albumin, the 
patients were simply allocated into three groups. However, the change extent of clinical metrics cannot be fully 
represented by binary categorical variables. Small changes in biomarkers can lead to large changes in predictive 
biomarkers. When calculating the AUC, INPS showed superior values compared to GPS in our study (0.874 and 
0.841, respectively). INPS, which incorporated multiple factors into the prediction, was more comprehensive and 
meaningful than the GPS. Liu et al comprehensively evaluated the various inflammatory and nutritional variables, 
including PNI, GPS, NLR, and PLR, and instructed the nomogram to predict the OS of DLBCL.28 This study could 
reduce the collinearity and correlation among variables to some extent. However, as the proportion of patients classified 
in the high-risk NCCN-IPI group was relatively small, the role of variables in high-risk patients requires further study. 
Furthermore, Liu et al used the immune-inflammatory index, PNI and modified GPS to establish the inflammation-based 
prognosis score (IBPS), then used IBPS, response to treatment and whether to accept surgery to construct nomogram to 
estimate the survival time of DLBCL.29 But the time point used to assess response to treatment was inconsistent with the 
time point of IBPS, leading to limited use in newly diagnosed patients and statistical issues.

Although laboratory parameters were easily accessible and inexpensive in routine daily clinical practice, the 
calculation of INPS may be relatively complicated. We plan to provide an online tool to calculate INPS after validation 
with a larger cohort study, which will make it easier to obtain. It should be noted that the use of INPS was limited in 
some circumstances in clinical practice. INPS was not suitable for use in patients with acute infections due to the 
interference with the calculation of INPS. Corticosteroids theoretically lead to lymphocytopenia due to an apoptotic 
effect on lymphocytes.30 Moreover, clinical studies have shown the use of corticosteroids causes lower proportions of 
CD4+ T cells,31 leading to the down-regulation of inflammation. Corticosteroid treatment leads to increased migration of 

Figure 3 Prognostic nomogram based on INPS for DLBCL patients. The nomogram for predicting 1-, 3- and 5-year survival probability in DLBCL patients. 
Abbreviations: INPS, inflammatory-nutritional prognostic scoring; IPI, International Prognostic Index.
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Figure 4 Validation of the prognostic nomogram model. (A) Calibration plots of the nomogram model at 3-year in the training cohort. (B) Calibration plots of the 
nomogram model at 5-year in the training cohort. (C) Calibration plots of the nomogram model at 3-year in the validation cohort. (D) Calibration plots of the nomogram 
model at 5-year in the validation cohort. (E) Time independent ROC curves compared the predictive accuracy of the current nomogram (the blue line) and NCCN-IPI 
system (the black line) in the training cohort. (F) Time independent ROC curves compared the predictive accuracy of the current nomogram (the blue line) and NCCN-IPI 
system (the black line) in the validation cohort. 
Abbreviations: OS, overall survival; INPS, inflammatory-nutritional prognostic scoring; NCCN-IPI, National Comprehensive Cancer Network-International Prognostic 
Index; ROC, receiver operating characteristic; AUC, area Under Curve.
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neutrophils from the bone marrow,32 favoring the survival of neutrophils. Therefore, the lymphocytes and other 
hematological parameters are directly affected by corticosteroid treatment in patients. Patients with a high tumor burden 
would normally have been started on steroids after pathological diagnosis to prevent tumor lysis syndrome in daily 
practice. In this study, we eliminated patients who received glucocorticoids after definitive diagnosis prior start of 
chemotherapy to reduce the influence of corticosteroids on laboratory parameters. A larger cohort study is needed to 
discuss the prognostic significance of changes in these hematological indices before and after corticosteroid treatment.

This study has some limitations. First of all, considering that it was a single-center and retrospective design, selection 
biases were inevitable. Only the fit elderly patients were treated with R-CHOP, leading to the reduction of the prognostic 
significance of age. On the other hand, we choose all-cause mortality but not lymphoma-related mortality as the primary 
point. A limitation of survival analysis is the presence of mortality unrelated to lymphoma, potentially resulting in an 
overestimation of absolute risk to some extent.33 Especially in elderly patients, the cause of death is mainly treatment- 
related toxicity and comorbidities. Secondly, the ki-67 index, sites of involvement, and response assessment at interim 
and end-of-treatment were not analyzed. Finally, understanding if patients with high INPS are enriched for the recurrent 
mutations in tumors is significant, but this technology is expensive, making it difficult to explore the relationship between 
it and INPS. Our findings need to be validated in a cohort with a larger sample size to establish the applicability of our 
model in clinical practice.

Conclusion
This present study has shown that the INPS consisting of seven inflammatory and nutritional indexes was a robust and 
convenient indicator of survival in DLBCL patients. Furthermore, the nomogram based on INPS showed outstanding 
ability, which might be a very powerful tool for predicting outcomes in daily clinical practice.
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