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Purpose: We aimed to assess the prognostic value of pretreatment inflammatory and nutritional parameters for predicting overall 
survival (OS) in patients with newly diagnosed multiple myeloma (NDMM), and to build a new scoring system using the most 
important variables.
Methods: We retrospectively analyzed baseline clinical and laboratory data for patients with NDMM, who were randomly grouped 
into training and validation cohorts at a ratio of 8:2. The Inflammatory Nutritional Score (INS) was developed based on the least 
absolute shrinkage and selection operator (LASSO) Cox regression. The INS and other independent prognostic factors were entered 
into a multivariate Cox model and merged to generate a nomogram model for predictive optimization. Performance and predictive 
accuracy were assessed using the concordance index (C-index), calibration plots, and time-dependent receiver operating characteristic 
(ROC) curves.
Results: In total, 442 eligible patients were enrolled. Six inflammatory/nutritional variables, including the Nutritional Risk Index 
(NRI), body mass index (BMI), neutrophil-lymphocyte ratio (NLR), monocyte-lymphocyte ratio (MLR), platelet-lymphocyte ratio 
(PLR), and albumin-alkaline phosphatase ratio (AAPR), were integrated to construct the INS using the LASSO Cox model. The 
predictive nomogram constructed following the multivariate Cox analysis included INS, performance status, lactate dehydrogenase, 
age, and C-reactive protein. The model exhibited good predictive performance, with a C-index of 0.708 in the training cohort and 
0.749 in the validation cohort. Moreover, the calibration curves also demonstrated excellent consistency between predicted and 
observed survival in both cohorts. In the time-dependent ROC analysis, our nomogram model exhibited better performance than other 
staging systems for multiple myeloma.
Conclusion: The INS represents an independent prognostic signature in patients with NDMM. Our novel nomogram based on INS 
may aid in predicting survival probability and stratifying risk.
Keywords: multiple myeloma, survival, prognostic, nomogram

Introduction
Multiple myeloma (MM) is a malignant blood cancer featuring an abnormal accumulation of monoclonal plasma cells in 
the bone marrow, which can lead to hypercalcemia, renal dysfunction, anemia, and bone destruction.1 The survival 
outcomes of MM are heterogeneous, with some patients remaining alive for more than 10 years and others dying within 
a few months of diagnosis.2 Considering the heterogeneity of MM, staging systems such as the Durie–Salmon staging 
system (DS), International Staging System (ISS), revised International Staging System (R-ISS), and Mayo Stratification 
of Myeloma and Risk-Adapted Therapy (mSMART) cannot ideally cover all patients with MM.3–6
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Recent research has increasingly focused on the associations among nutrition, inflammation, immunity, and 
malignancy.7 Accordingly, studies have reported a close correlation between MM and inflammation, suggesting that 
myeloma may develop following infection via the complex interplay among pathogens, chronic inflammation, and 
immune deregulation.8 Therefore, some peripheral blood biomarkers associated with inflammation may serve as prog-
nostic signatures for MM. Indeed, some studies have demonstrated that some inflammatory indices, including the 
neutrophil-lymphocyte ratio (NLR) and monocyte-lymphocyte ratio (MLR), are relevant to survival outcomes in patients 
with MM.9–12 Dosani et al found that the absolute lymphocyte count (ALC) - absolute monocyte count (AMC) ratio 
(ALC/AMC) in the peripheral blood (PB) was a strong prognostic immune biomarker in patients with newly diagnosed 
MM (NDMM), a higher ALC/AMC value at diagnosis suggesting a longer survival, and may imply the immunologic 
status of these patients.9 Romano et al’s study also confirmed NLR and LMR as predictors of survival in patients with 
MM treated upfront with novel agents.10 Additional studies have highlighted associations between some nutritional 
indices, such as the Controlling Nutritional Status (CONUT), Nutritional Risk Index (NRI), and body mass index (BMI), 
and survival in patients with MM.13–17 The prognostic nutritional index (PNI) is a nutritional index derived from serum 
albumin and lymphocyte counts, which was originally used to assess preoperative nutritional status, surgical risk, and 
postoperative complications in surgical patients.18 A Chinese study found that low PNI suggested poor prognosis and 
was an independent prognostic factor in patients with NDMM.19

The ISS has verified the importance of albumin in the context of MM prognosis,4 and plasma levels of alkaline 
phosphatase (ALP) often increase in the presence of bone lesions.20 Fractures are also common skeletal-related events in 
patients with MM exhibiting extensive bone destruction, and serum ALP levels may be increased in patients with 
fractures. Although the albumin (Alb)–ALP ratio (AAPR) has been probed as a predictive factor in patients with various 
types of cancers,21,22 its prognostic value for MM remains to be explored.

Therefore, based on the evidence of the baseline inflammatory and nutritional parameters we mentioned above, our 
study aimed to assess the prognostic value of baseline inflammatory and nutritional parameters for predicting overall 
survival (OS) in patients with NDMM. Using the data obtained from such analyses, we then aimed to build a new scoring 
system (ie, Inflammatory Nutritional Score [INS]), which was combined with other independent prognostic factors to 
develop a nomogram for predicting individual survival outcomes in patients with NDMM.

Patients and Methods
Patients
This retrospective study enrolled patients with NDMM treated between July 2009 and July 2021 at Sun Yat-sen 
University Cancer Center (SYSUCC). Clinical and laboratory data were extracted from the medical records database 
of SYSUCC. Patients lacking complete baseline data were excluded from the study, as were those under the age of 18 
and those with other types of cancer.

Data Collection and Definition of Parameters
Clinical and laboratory data were collected prior to treatment. The cut-off values for the following continuous variables 
were determined based on previously reported findings/upper limits: hemoglobin (HGB, 120 g/L), β2_microglobulin 
(β2_MG, 3.5 mg/L),9 creatinine (CRE, 177 µmol/L),14 and lactate dehydrogenase (LDH, 250 U/L).The eight inflamma-
tory/nutritional indices were calculated as follows: NRI = 1.489 × albumin (g/L) + 41.7 × (weight/usual body weight);23 

BMI = weight (kg)/(height in meters)^2;17 MLR = M/L; NLR = N/L; platelet-lymphocyte ratio (PLR) = P/L, PNI = 
albumin (g/L) + 5 × L (109/L), AAPR = albumin (g/L)/ALP (μ/L) (P: platelet count, M: monocyte count, N: neutrophil 
count, L: lymphocyte [109/L]). CONUT scores were determined by three basic parameters, serum albumin level, serum 
cholesterol, and peripheral lymphocyte count, which can be used for classification into four groups, as shown in Table S1 
(available in Supplementary Materials). The best cut-off values of the above eight inflammatory/nutritional indices were 
determined based on maximally selected rank statistics (R package “maxstat”) for OS. The optimal cut-off values for age, 
C-reactive protein (CRP), and calcium (Ca) were also calculated using maximally selected rank statistics. The best cut- 
off values of the above variables were as follows: NRI (89), BMI (21.4), MLR (0.53), NLR (1.09), PLR (55), PNI (34.4), 
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CONUT (5), AAPR (0.4), age (50 years), CRP (7.6 mg/L), and Ca (2.5 mmol/L). Thus, the continuous variables were 
changed into categorical variables, and patients were separated into two groups based on the cut-off values. As 
transplantation is an important factor, it was also included in our study.

Statistical Analysis
All eligible patients were randomly divided into the training and validation cohorts using the R package “caret.” 
Continuous variables are shown as medians and interquartile ranges (IQRs), while categorical variables are described 
as frequencies and percentages. The chi-square test was used to compare data between the two cohorts. Variables above 
and below the cut-off values were scored as 1 and 0, respectively.

To avoid the potential for multicollinearity, the least absolute shrinkage and selection operator (LASSO) Cox 
regression model was used to select the most influential factors among the eight inflammatory/nutritional indices to 
construct the INS. The INS cut-off values were determined by maximally selected rank statistics, which were then used 
to separate patients into high INS and low INS groups. High INS and low INS were scored as 1 and 0, respectively. The 
Kaplan–Meier method was used to evaluate the survival curves, which were compared using the Log rank test. The INS 
and other variables were analyzed using univariate Cox analysis. Variables (p<0.05) in the univariate Cox analysis were 
selected for multivariate Cox analysis. After multivariate Cox analysis, variables considered independent prognostic 
factors (p < 0.05) were integrated to develop a comprehensive nomogram. The performance of the model was assessed 
using the concordance index (C-index) and area under the curve (AUC) values at 1, 3, and 5 years. In addition, 
a calibration plot was used to assess the consistency between the predicted and actual observed survival probabilities. 
Comparisons between different staging systems were performed based on a time-dependent receiver operating char-
acteristic (ROC) analysis. Bootstraps with 1000 resamples were used for internal validation.

All modeling and statistical analyses were performed using R version 4.0.3 (The R Foundation, Vienna, Austria). 
A two-sided p-value (<0.05) was deemed statistically significant.

Results
Baseline Characteristics
A total of 442 eligible patients with NDMM who visited our hospital between July 2009 and July 2021 were enrolled in 
this study. These patients were randomly separated into the training cohort (n = 354) and validation cohort (n = 88) at 
a ratio of 8:2. The baseline patient characteristics are presented in Table 1. The median age at diagnosis for all patients 

Table 1 The Baseline Characteristics of 442 NDMM Patients

Characterstics Total  
(N=442)

Training  
Set(N=354)

Validation  
Set(N=88)

P value

Age(year), median(IQR) 60(53–67) 60(54–67) 60(52–66) 0.704

Age 0.784

>50 366(82.8) 294(83.1) 72(81.8)
≤50 76(17.2) 60(16.9) 16(18.2)

Sex 0.534

Male 264(65.6) 214(60.5) 50(56.8)
Female 178(34.4) 140(39.5) 38(43.2)

Transplant 0.234

Yes 57(12.9) 49(13.8) 8(9.1)
No 385(72.1) 305(86.2) 80(90.9)

DS 0.332

I 28(6.3) 22(6.2) 6(6.8)
II 82(18.6) 61(17.2) 21(23.9)

III 332(75.1) 271(76.6) 61(69.3)

(Continued)
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was 60 years (IQR: 53–67), and 366 patients (68.6%) were older than 50 years. A total of 264 patients (59.7%) were 
male. Advanced DS stage (stage III) was noted in 332 patients (75.1%), while stage II R-ISS was noted in 301 patients 
(68.1%). Most patients (394, 89.1%) exhibited good performance status (Eastern Cooperative Oncology Group [ECOG] 
score <2). The baseline characteristics were well-balanced and comparable between the two cohorts.

Table 1 (Continued). 

Characterstics Total  
(N=442)

Training  
Set(N=354)

Validation  
Set(N=88)

P value

ISS 0.474
I 100(22.6) 76(21.5) 24(27.3)

II 189(42.8) 155(43.8) 34(38.6)

III 153(34.6) 123(34.7) 30(34.1)
RISS 0.582

I 76(17.2) 61(17.2) 15(17.0)

II 301(68.1) 244(68.9) 57(64.8)
III 65(14.7) 49(13.8) 16(18.2)

ECOG 0.350

0–1 394(89.1) 318(89.8) 76(86.4)
≥2 48(10.9) 36(10.2) 12(13.6)

CONUT 0.256

≤5 347(78.5) 274(77.4) 73(83.0)
>5 95(21.5) 73(83 0.0) 15(17.0)

NRI, median (IQR) 96(87–105) 96(87–104) 98(89–107) 0.551

BMI, median (IQR) 22.5(20.4–24.8) 22.5(20.4–24.8) 22.6(20.3–24.8) 0.832
MLR, median (IQR) 0.25(0.18–0.36) 0.24(0.18–0.36) 0.26(0.20–0.40) 0.617

NLR, median (IQR) 1.9(1.3–2.9) 1.93(1.34–2.90) 1.79(1.30–2.85) 0.781

PLR, median (IQR) 121(83–173) 119(86–175) 128(69–171) 0.014
PNI, median (IQR) 45.1(39.5–51.0) 44.8(39.1–50.5) 46.1(40.4–53.0) 0.134

AAPR, median (IQR) 0.5(0.4–0.6) 0.5(0.4–0.6) 0.5(0.4–0.6) 0.767
LDH (U/L), median (IQR) 166(134–227) 162(131–214) 187(143–256) 0.019

β2_MG (mg/L), median (IQR) 3.8(2.6–5.8) 3.9(2.6–5.8) 3.7(2.3–5.6) 0.890

CRE (umol/L), median(IQR) 73(58–100) 74(59–100) 73(56–100) 0.951
Ca (mmol/L), median(IQR) 2.3(2.1–2.4) 2.3(2.1–2.4) 2.2(2.1–2.4) 0.667

HGB (g/L), median(IQR) 100(78–121) 100(78–121) 99(76–120) 0.722

CRP (mg/L), median(IQR) 3.2(1.2–10.9) 2.8(1.1–10.3) 4.7(1.6–16.9) 0.337
Cytogenetics 0.895

High risk 46(10.4) 38(10.7) 8(9.1)

Non high risk 156(35.3) 125(35.3) 31(35.2)
Missing 240(54.3) 191(54.0) 49(55.7)

Extramedullary disease 0.330

Yes 75(17.0) 57(16.1) 18(20.5)
No 367(83.0) 297(83.9) 70(79.5)

Treatment 0.354

PIs 75(17.0) 56(15.8) 19(21.6)
IMiDs 142(32.1) 120(33.9) 22(25.0)

IMiDs-PIs 72(16.3) 57(16.1) 15(17.0)

Other 153(34.6) 121(34.2) 32(36.4)

Abbreviations: DS, Durie-Salmon staging system; ISS, international staging system; R-ISS, revised international staging system; 
ECOG, Eastern Cooperative Oncology Group; COUNT, controlling nutritional status; NRI, nutrition risk index; MLR, monocyte- 
lymphocyte ratio; PLR, platelet-lymphocyte ratio; NLR, neutrophil-lymphocyte ratio; BMI, body mass index; PNI, prognostic 
nutritional index; AAPR, album-alkaline phosphatase ratio; LDH, lactate dehydrogenase; β2_MG, β2_microglobulin; CRE, creati-
nine; Ca, calcium; HGB, hemoglobin; CRP, C-reactive protein; PIs, proteasome inhibitors; IMiDs, immunomodulatory drugs.
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Building the INS
Figure 1 shows the process used to construct the INS. After examining eight inflammatory nutritional indices via LASSO 
Cox regression analysis, the six most valuable prognostic variables were sorted to build the INS, including the NRI, BMI, 
MLR, NLR, PLR, and AAPR (Figure 2A and B). Our results suggest that low NRI, low BMI, high MLR, high NLR, low 
PLR, and low AAPR were significantly associated with shorter OS.

High NRI (>89), high BMI (>21.4 kg/m2), high MLR (>0.53), high NLR (>2.57), high PLR (>55), and high AAPR 
(>0.4) were scored as 1, while other values were scored as 0. The INS was calculated based on the following formula: 
INS = 0.3158 × MLR - 0.3827 × NRI - 0.2800 × BMI - 0.4568 × PLR - 0.3094 × AAPR + 0.1238 × NLR. Using the INS 
cut-off value (−1) determined based on maximally selected rank statistics in the training cohort, patients were stratified 
into the low INS group (INS ≤ −1) and the high INS group (INS > −1). Thus, the training cohort included 185 patients 
with high INS and 169 patients with low INS, while the validation cohort included 49 patients with high INS and 39 with 
low INS. Therefore, the high and low INS groups included 234 and 208 patients overall, respectively. Significant 
differences in OS were observed between the high and low INS groups in the different cohorts (p < 0.001). Figure 3 
shows the OS curves for all patients, the training cohort, and the validation cohort.

Figure 1 The process diagram of INS construction and risk stratification. 
Abbreviations: CONUT, controlling nutritional status; NRI, nutritional risk index= 1.489 × albumin (g/L) + 41.7 × (weight/usual body weight); BMI, body mass 
index=weight(kg)/height(m)2; MLR, monocyte-lymphocyte ratio=M/L; NLR, neutrophil-lymphocyte ratio=N/L; PLR, platelet-lymphocyte ratio=P/L; PNI, prognostic nutri-
tional index=albumin (g/L)+5×L (109/L); AAPR, albumin-alkaline phosphatase ratio; P, platelet count; N, neutrophil count; L, lymphocyte count; M, monocyte count; INS, 
inflammatory-nutritional score.

−6 −5 −4 −3 −2

−0
.6

−0
.4

−0
.2

0.
0

0.
2

Log Lambda

Co
ef

fic
ie

nt
s

7 7 6 5 0

1

2

3

4

6

7

8

−6 −5 −4 −3 −2

8.
7

8.
8

8.
9

9.
0

Log(λ)

Pa
rti

al
 L

ike
lih

oo
d 

De
via

nc
e

7 7 7 7 7 6 6 6 6 6 6 6 5 5 1 0A B

Figure 2 Construction of the INS using LASSO Cox regression model. (A) LASSO coefficient profiles of the 8 inflammatory- nutritional biomarkers. (B) Ten-fold cross- 
validation for tuning parameter selection in the LASSO model. The dotted vertical lines were drawn at the optimal values by minimum criteria and 1-SE criteria. Herein, we 
choose the minimum criteria.

Journal of Inflammation Research 2023:16                                                                                          https://doi.org/10.2147/JIR.S390279                                                                                                                                                                                                                       

DovePress                                                                                                                          
11

Dovepress                                                                                                                                                           Zhang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Selection of Independent Prognostic Factors
The results of the univariate and multivariate Cox analyses are shown in Table 2. The univariate analysis indicated that 
older age (>50 years), poor performance status (ECOG ≥ 2), high INS, high serum LDH, high serum β2_MG, low HGB, 
and high CRP levels were associated with a shorter OS. In the multivariate analysis, INS (HR = 2.172; 95% CI: 1.487– 
3.175, p < 0.001), age, ECOG, LDH, and CRP were retained as independent prognostic factors.
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Figure 3 Overall survival curves obtained with Kaplan-Meier analysis between different INS groups. (A) Survival curves for all patients. (B) Survival curves in the training 
cohort. (C) Survival curves in the validation cohort.

Table 2 The Univariate and Multivariate Analysis for Overall Survival in the Training Cohort

Characteristics Univariate Analysis Multivariate Analysis

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

Age (>50 vs≤50) 2.270(1.326–3.887) 0.003 1.853(1.054–3.260) 0.032
Sex (female vs male) 1.179(0.843–1.648) 0.337 – –
Transplant (yes vs no) 0.310(0.152–0.633) 0.001 0.484(0.230–1.019) 0.076

ECOG (≥2 vs 0–1) 2.733(1.781–4.195) <0.001 2.366(1.515–3.694) <0.001
INS (>high vs low) 2.736(1.903–3.933) <0.001 2.155(1.471–3.158) <0.001
LDH (>250 vs ≤250) (U/L) 2.055(1.388–3.044) <0.001 1.558(1.035–2.345) 0.034
β2_MG (>3.5 vs ≤3.5) (mg/L) 1.542(1.093–2.177) 0.014 1.064(0.731–1.551) 0.745

CRE (>177 vs ≤177) (umol/L) 1.097(0.651–1.848) 0.728 – –
Ca (>2.5 vs ≤2.5) (mmol/L) 1.516(0.923–2.492) 0.101 – –

HGB (>120 vs ≤120) (g/L) 0.621(0.410–0.940) 0.024 1.083(0.702–1.736) 0.668

CRP (>7.6 vs ≤7.6) (mg/L) 2.071(1.476–2.907) <0.001 1.591(1.112–2.275) 0.011
Extramedullary disease (yes vs no) 1.735(1.039–2.899) 0.035 1.650(0.978–2.784) 0.061

Notes: The P value of bolded text means statistically significant. (P<0.05).
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Construction and Evaluation of the Prognostic Nomogram
The above five independent prognostic factors (INS, age, ECOG, LDH, and CRP) were integrated to construct 
a prognostic nomogram for predicting OS at 1, 3, and 5 years (Figure 4). As shown in the nomogram, a higher total 
score implies a worse survival. The C-index for the nomogram was 0.708 and 0.749 in the training and validation 
cohorts, respectively. The AUCs for 1, 3, and 5 years OS in the training cohort were 0.740, 0.743, and 0.711, respectively 
(Figure 5A). In the validation cohort, the AUCs for 1, 3, and 5 years OS were 0.783, 0.689, and 0.777, respectively 
(Figure 5D). The calibration curves for 1, 3, and 5 years OS exhibited excellent consistency between the predicted OS 
and the actual observed OS in the training and validation cohorts (Figure 5B and E). Time-dependent ROC curves 
revealed that the prognostic nomogram exhibited better accuracy than other MM staging systems in both the training and 
validation cohorts (Figure 5C and F).

Discussion
In our study, we developed a new scoring system for NDMM based on six pretreatment inflammatory/nutritional indices, 
including NRI, BMI, MLR, NLR, PLR, and AAPR. Patients were divided into high INS and low INS groups based on 
the cut-off values determined via maximally selected rank statistics. According to the multivariate Cox analysis, INS was 
an independent prognostic factor for OS, and high INS was significantly associated with worse OS in patients with 
NDMM. Furthermore, the nomogram combining INS and the other four independent prognostic variables (age, ECOG, 
LDH, and CRP) exhibited robust predictive performance and good prognostic accuracy in both cohorts.

Although there are several widely utilized staging systems for MM (DS, ISS, and R-ISS), MM is a heterogeneous 
disease that cannot be adequately captured using a single staging system for all patients. The DS staging system mainly 
reflects tumor burden and includes some indicators that can be considered subjective. The ISS relies on two biomarkers 
(β2_MG and albumin). However, for patients with low-secretory or non-secretory MM exhibiting higher tumor burden 
with low serum β2_MG, ISS staging may be inaccurate. Furthermore, some patients with low serum β2_MG levels in the 
early stage of the disease have chromosome translocation t(4;14) and other cytogenetic abnormalities, which have been 
associated with poor prognosis. The mSMART staging system mainly relies on cytogenetic factors without including 
adequate clinical and laboratory information. Thus, further studies are required to develop a more accurate and clinically 
practical prognostic stratification system for NDMM.
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Figure 4 A prognostic nomogram based on INS for newly diagnosed multiple myeloma patients. The nomogram for predicting 1-, 3- and 5-year survival probability in newly 
diagnosed multiple myeloma patients.
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As a recognized hallmark of malignancies, inflammation is important in the development and progression of cancers 
and has been strongly associated with cancer survival.24 Accordingly, some prognostic models based on multiple 
inflammatory indicators have demonstrated good predictive performance.25,26 Considering the close relationship between 
MM and inflammation, we believe that prognostic models should be based on multiple inflammatory variables rather than 
one or a few variables, as this can substantially improve their predictive accuracy. Several studies have also emphasized 
the role of nutritional status in survival for many cancer types.27–29 The disadvantage of single biomarkers is that they 
cannot completely reflect overall immune and nutritional status. Our model includes three nutritional indicators (BMI, 
AAPR, and NRI) as well as three inflammatory–immune indicators (MLR, NLR, and PLR). To reduce the impact of 
multicollinearity, the LASSO Cox model was used to effectively screen valuable biomarkers. In contrast, most previous 
researches simply integrated inflammatory variables with high collinearity and correlation into a multivariate Cox model 
to select independent prognostic factors, which can result in statistical issues.26

Some studies have provided evidence that high NLR and MLR are related to shorter OS,9–11 in accordance with 
our findings. Reactive thrombocytosis exhibits a known association with the systemic inflammatory response. Thus, 
many studies have explored the effect of PLR on hematologic and non-hematologic cancers, reporting that high PLR 
is relevant with poor prognosis and exerts a negative impact on survival.30–32 However, low PLR has been related to 
poor survival outcomes in MM, which is a hematologic malignancy involving inflammation-induced suppression of 
thrombopoiesis.33 Similarly, patients with a low PLR in our study exhibited poorer OS. A decreased PLR value 
implies a relatively reduced platelet level or an elevated lymphocyte count. Patients with low platelet counts are more 
likely to develop bleeding, which may lead to worse survival. Elevated lymphocyte levels indicate the development 
of inflammation, which may reflect MM progression. In addition to the above inflammatory indices, CRP is also 
a classic inflammatory biomarker that has been highlighted as a marker of tumor burden in patients with MM, and 
high serum CRP levels have been consistently associated with poor survival.34–36 Our results also demonstrate that 
elevated CRP is a strong prognostic biomarker for unfavorable survival outcomes.
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Figure 5 Validation of the prognostic nomogram model. (A) The AUC values of 1-, 3-, and 5-year in the training cohort. (B) Calibration plots of the nomogram model at 1-, 
3-, and 5-year in the training cohort. (C) Time independent ROC curves compared the predictive accuracy (C-index with its 95% CI) of the current model (the red line) and 
other staging systems (green line: ISS staging system; Orange line: R-ISS staging system; blue line:DS staging system) of MM in the training cohort. (D) The AUC values of 1- 
,3-,5-year in the validation cohort. (E) Calibration plots of the nomogram model at 1-, 3-, and 5-year in the validation cohort. (F) Time-independent ROC curves compared 
the predictive accuracy (C-index with its 95% CI) of the current model (the red line) and other staging systems of MM (green line: ISS staging system; Orange line: R-ISS 
staging system; blue line:DS staging system) in the validation cohort.
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The nutritional indicators included in our model (BMI, AAPR, and NRI) mainly depend on body weight and serum 
albumin levels. Involuntary weight loss is a negative prognostic factor for survival outcomes in many cancer types. One 
study reported that a loss of premorbid weight (>5%) before treatment predicts early mortality independent of performance 
status, tumor stage, and histology.37 However, most studies have focused on the effect of obesity rather than that of 
underweight on cancer prognosis. This may be because overweight and obesity are more common in Western countries 
than in Asian countries (33.8% vs 3.8%).17 In accordance with our findings, one study conducted in Korea reported that low 
BMI (<20 kg/m2) before treatment was related to unfavorable survival outcomes in patients with MM, highlighting the need 
for further studies to examine the effect of underweight on MM prognosis in Asian patients. Patients with a low BMI may be 
less likely to withstand the adverse effects associated with intense chemotherapy, which may lead to a delay or interruption in 
chemotherapy. Albumin, which is included in the ISS, is another important predictor of MM. The AAPR and NRI are also 
based on albumin, which has been verified as a prognostic factor for many cancers.21,38–41 In our study, low NRI and low 
AAPR were significantly related to poor OS. Moreover, as observed in previous studies, performance status, LDH, and age 
were significantly related to survival outcomes in our patients with MM.5,42–44

Recently, more studies on developing risk stratification or prognostic model using gene expression data from 
public databases for multiple myeloma are emerging, including The Cancer Genome Atlas (TCGA), Gene Expression 
Omnibus (GEO), and so on. Still, most models are hard to put into clinical practice. Compared with our model, with 
an average of fewer than 200 dollars, it is hard to analyze above the genetic risk model because next-generation 
sequencing is always conducted in genetic sequencing companies instead of primary hospitals. In this study, we 
constructed a prognostic model combining INS with other independent variables, and the C-index of our model was 
0.708 in the training cohort and 0.749 in the validation cohort. Moreover, compared with other staging systems of 
MM, our model exhibited a better predictive performance (higher AUC value) according to the time-dependent ROC 
curves in the training and validation cohorts. These findings implied that our model based on INS might be a better 
tool for MM, which might be helpful in individual prognosis predictions and personalized treatment guidance. For 
instance, patients with high total scores tended to have worse survival, so more intensive treatment and more frequent 
follow-up might be necessary for those patients to improve their prognosis.

Our study had some limitations, including its small sample size and single-center, retrospective design. Therefore, 
selection bias was inevitable, and our results must be validated in large-scale, prospective studies conducted across 
multiple centers. Second, we only investigated the prognostic value of pretreatment inflammatory nutritional variables. 
However, the dynamic changes in these variables that occur during subsequent antitumor treatment and their impact on 
the prognosis of patients remain poorly understood. Third, due to some restrictions, some patients did not undertake 
cytogenetic tests, and some other important prognostic factors were missing, which led to a small sample size of our 
study. Finally, due to the large time span and the retrospective nature of our study, the treatment regimen could be 
different in other areas, leading to different survival outcomes.

Conclusion
In this study, we constructed a comprehensive prognostic scoring system for MM (INS) based on pretreatment 
inflammatory/nutritional indices. Our subsequent analyses identified INS as an independent prognostic factor of OS in 
patients with NDMM. The nomogram based on the INS exhibited good predictive accuracy and discriminative ability, 
suggesting that it can aid in predicting individual survival probability in patients with NDMM.
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