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Simple Summary 

Using multiple blood and clinical indicators, our study has dramatically demonstrated that the non-

small cell lung cancer patient with cancer cachexia with its concomitant chronic inflammation and 

the resultant immunosuppression has a markedly decreased chance of responding to 

immunotherapy treatment, leading to a poor progression-free and overall survival. 

Abstract 

Background/Objectives: Immune checkpoint inhibitor therapy(ICI) offers advanced-stage, non-

small-cell lung cancer(NSCLC) patients effective treatment. However, only a minority of patients 

respond. Prior studies suggested gut microbiota are involved in immunotherapy response. 

Nutritional status significantly interacts with the gut microbiota. We investigated associations of pre-

treatment nutrition- and inflammation-related indicators with immunotherapy response in NSCLC. 

Methods: We recruited 76 treatment-naïve stage III-IV NSCLC patients. Pre-ICI-treatment clinical 

information and blood samples were obtained. Clinician-assessed immunotherapeutic response 

defined clinical benefit from immunotherapy as 12-month progression-free-survival.  We estimated 

associations of nutritional and inflammatory indicators with treatment response and survival using 

multivariable logistic regression and Cox proportional hazards regression analyses.  Results: 

Approximately 47% of the study population had a clinical benefit with an overall median survival 

of 21.3 months compared to 6.6 months among no clinical benefit patients(p<0.01). Those with no 

clinical benefit lost significantly more weight and skeletal muscle, and had lower serum albumin, 

Frailty Index, Geriatric Nutritional Risk Index, and Mini-Nutritional Assessment(MNA) scores. They 

also had higher systemic inflammation as reflected by elevated red blood cell distribution 

width(RDW) and Systemic Immune Response Index(SIRI). Key nutritional and inflammatory 

indicators were also associated with overall survival. Multivariable analyses highlighted MNA as the 

strongest predictor of immunotherapy response and overall survival, which is much better than the 

lauded PD-L-1 score. Conclusions: Adverse nutritional status and inflammation strongly 

predict non-response to immunotherapy and post-treatment survival. Since NSCLC patients with 

depressed pre-treatment nutrition and inflammation have a low probability of ICI response, they will 

likely benefit from intensive nutritional intervention.  
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1. Introduction 

Of the estimated 238,400 people diagnosed with lung cancer in the United States in 2023 [1], 86% 

have non-small cell lung cancer (NSCLC). Only 23% of NSCLC patients have localized disease with 

22% having regional disease and nearly one-half (46%) having distant metastatic cancer [2]. Five-year 

survival rates for regional (34%) and metastatic (8%) NSCLC are significantly lower than localized 

disease (61%) [2].  

The introduction of FDA-approved use of immune checkpoint inhibitors (ICI) in 2015, including 

ipilimumab targeting CTLA-4 and nivolumab targeting PD-L-1, led to dramatic improvements in 

treatment response for NSCLC. However, only about 20% of metastatic NSCLC patients experience 

a clinical response from ICI therapy [3], highlighting the importance of identifying patient 

characteristics that influence ICI response. Nutritional status, which is known to influence gut 

microbiome composition and systemic inflammation [4], has been associated with ICI response 

among NSCLC patients. Previous research suggests that the diversity and composition of the gut 

microbiome may strongly influence ICI response, although results are somewhat inconsistent [5–11]. 

Furthermore, systemic inflammation is clinically relevant and likely strongly influences cancer-

related malnutrition [12]. Importantly, interventions such as dietary and nutritional counseling can 

improve nutritional status, making this an important factor to identify and understand in delivering 

ICI therapy for advanced NSCLC. 

We aimed to examine nutritional status and related inflammatory markers among patients with 

stage III-IV NSCLC referred for ICI and to determine their associations with ICI response and overall 

survival in a prospective cohort study. 

2. Materials and Methods 

2.1. Study Population 

We prospectively recruited ICI treatment-naïve stage III-IV NSCLC patients with squamous cell 

carcinoma, adenocarcinoma or large cell neuroendocrine carcinoma scheduled to undergo single 

agent or combination ICI therapy at Moffitt Cancer Center (MCC). Informed consent was obtained 

from all patients. This study was approved by Advarra IRB, MCC# 18611, PRO00017235. 

2.2. Clinical Metadata Abstraction 

Socio-demographic data, physical exam, smoking history, comorbidity, and all routine 

pretreatment laboratory data were abstracted from MCC electronic medical records. Data were 

abstracted on diagnosis (histology and stage), number and types of previous treatments received, 

current medications prescribed, recent antimicrobial therapy use, type of ICI received (i.e., PD-L-1 or 

CTLA-4), height, weight, performance status, and comorbidities. Medical records were reviewed 

monthly until clinician-confirmed tumor progression or death. Clinician-assessed 

immunotherapeutic response, progression-free survival (PFS), overall survival (OS), and treatment-

related adverse events at each clinical visit were recorded. 

2.3. Treatment Response Assessment 

In the past, response to immunotherapy was measured as with chemotherapy using 

conventional RECIST v1.1 criteria [13] which utilizes the radiographic unidimensional measurement 

of the target tumor size. A decrease in tumor size is considered a partial response (PR) and complete 

resolution of the tumor (complete response---CR) indicates ICI effectiveness. Stability of tumor size 

(stable disease---SD) or enlargement of the tumor mass (progressive disease—PD) indicates tumor 
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resistance to ICI—the so-called 2 vs 2 response [14]. However, some tumors that respond to ICI 

treatment temporarily increase in size due to the influx of T cells and other inflammatory cells, along 

with edema, but in subsequent months the tumors shrink. These patients may erroneously be 

considered as non-responders due to “pseudo-progression,” which is later followed by tumor 

shrinkage [14–17]. Therefore, the best clinical indicator of the effectiveness of ICI response is the 

“Clinical Benefit” at 12 months with CR, PR, and SD, while PD at 12 months indicates a non-response 

(3 vs. 1 response). In other words, “Clinical Benefit” is best defined as progression-free survival at 12 

months. The reasoning is that if a patient with the usual, aggressive lung cancer, undergoes 

immunotherapy and shows no progression of the cancer within 12 months, it indicates a definite 

treatment response even if they appear to have stable disease. Therefore, in this study, positive 

response to ICI (“Clinical Benefit”) is defined as 12-month progression-free survival. 

2.4. Nutrition and Inflammation Indicators 

We included assessments of indicators of pretreatment patient nutritional status, inflammatory 

status, and prognostic factors that were previously validated in the literature. All blood-based 

indicators were measured based on routine clinical blood draws that were taken prior to initiating ICI 

therapy.   

2.4.1. Malnutrition Indicators 

Pretreatment indicators of malnutrition include percentage of patient-reported weight loss 

(significant if >5%) over the last 12 months [4]. Blood indicators included serum albumin (<3.5gm/dL 

indicates malnutrition) [4,18], serum sodium (<135mmol/L, associated with malnutrition and poorer 

OS) [19–21], and hemoglobin (<12.5 gm/dL associated with malnutrition) [22]. Some elevated blood 

cell counts are characteristic of malnutrition (in addition to inflammation) and include white blood 

cell count (increased mortality in cancer when elevated >12,000) [23], total neutrophil count, total 

monocyte count and platelet count (when elevated >400,000 indicates inflammation and worse 

prognosis) [24]. A low total lymphocyte count (<2000) indicates malnutrition [18]. An elevated red 

cell distribution width (RDW >15) indicates inflammation, nutritional impairment and poor OS [25]. 

We also calculated the neutrophil to lymphocyte ratio (>1.81 indicates inflammation, malnutrition, 

and poor OS in cancer) [26–28], platelet to lymphocyte ratio (>150 associated with inflammation and 

poor OS) [26,29], monocyte to lymphocyte ratio (>0.58 indicates inflammation) [30], and the 

lymphocyte to monocyte ratio (<2 indicates poor OS with lymphopenia) [31].  

We calculated the Geriatric Nutritional Risk Index, which incorporates ideal body weight, actual 

weight, serum albumin to identify malnutrition (scores <98) [32]. The Mini Nutritional Assessment 

Short Form (MNA), which incorporates self-reported food intake, weight loss, mobility, 

psychological stress, acute disease in the past 3 months, neuropsychological problems, and BMI, was 

also used to identify malnutrition (scores <11) [22,33]. Finally, we calculated the Clinical Frailty Index 

(9-point scale with scores ≥4 identifying frailty with higher mortality based on physical functioning) 

[34,35], the Charlson Comorbidity Index [36], and the Prognostic Nutritional Index (serum albumin 

+ 5 x total lymphocyte count, with scores <51.4 indicating abnormal nutritional status) [21] 

2.4.2. Skeletal Muscle Indicators 

We measured cross-sectional areas of skeletal muscle at the middle of the 12th thoracic vertebra 

(T12) using single computerized tomography (CT) images and SliceOmatic software (Version 6, 

Tomovision, Magog, Canada). For each patient, T12 images were identified and extracted from two 

separate CT scans performed approximately 3-6 months apart: pre-treatment (prior to starting ICI) 

and following ICI completion. The dates of extracted T12 images were recorded to compute the 

number of weeks between scans. Images were selected and processed in a random order by a trained 

researcher maintaining blindness to both image timepoint and patient group (i.e., clinical benefit vs. 

no clinical benefit). Using published Hounsfield unit (HU) radiodensity limits for skeletal muscle 
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(i.e., -29 to 150 HU), the combined cross-sectional area of the intercostals, abdominal wall muscles, 

trapezius, latissimus dorsi, serratus posterior, and paraspinals at T12 were measured in cm2 and 

recorded for each CT scan [37]. Skeletal muscle cross-sectional areas were standardized to patient 

stature (i.e., the square of height in m2) to compute skeletal muscle index (SMI; cm2/m2). SMI was 

compared to established, sex-specific cut points to indicate sarcopenia (i.e., <20.8 cm2/m2 for females 

and <28.8 cm2/m2 for males) [38], with sarcopenia associated with poor functional status and a 

predictor for reduced survival [39] For each CT image, the average radiodensity (HU) of T12 skeletal 

muscle density (SMD) was also recorded for each scan to indicate degree of myosteatosis [40], with a 

reduced SMD associated with functional impairment, systemic inflammation and reduced survival 

[41]. In addition to point measurements, we computed change scores, percent changes, and rates of 

change (per week) for both SMI and SMD. 

2.4.3. Systemic Inflammation 

To reflect systemic inflammation, we calculated the Systemic Immune Response Index [SIRI 

(neutrophils X monocytes/lymphocytes), with >1.0 indicating inflammation] [42] and the Systemic 

Immune Inflammation Index [SII (platelets X neutrophils/lymphocytes), with >1003 indicating 

inflammation and associated with poorer OS] [26,42].  

2.5. Statistical Analysis 

To compare patient characteristics by immunotherapy Clinical Benefit, categorical variables 

were descriptively summarized by frequency and percentage. Continuous variables were described 

by mean and standard deviation. Pearson’s Chi-square test and either two-sample t-tests or Wilcoxon 

rank sum tests were used to examine for differences in distributions of demographics and clinical 

variables between post-immunotherapy response and non-response groups. Multivariable logistic 

regression analyses were used to estimate odds ratios (ORs) and 95% confidence interval (CIs) for the 

associations of nutritional and inflammatory indicators with clinical response. Overall survival (OS) 

was defined as the time interval from immunotherapy start to the date of death or last visit 

(whichever occurred earlier). The Kaplan-Meier curve method and the log rank test were used to 

summarize OS distribution and test for difference in OS. Cox proportional hazards regression 

analysis was used to evaluate hazard ratios and 95% confidence intervals. The assumption of 

proportional hazards was assessed using Schoenfeld residual correlation test. In multivariable 

modeling analyses, stepwise variable selection with a typical entry p-value criterion of < 0.15 was 

employed to build a parsimonious model. Two-sided p-value of <0.05 was considered statistically 

significant. All analyses were performed using R version 4.2.1.  

3. Results 

3.1. Demographic and Clinical Information 

Of the 76 patients (Table 1), there was a trend for more diabetic patients in the No-Clinical Benefit 

group (28% No-Clinical Benefit versus 11% Clinical Benefit, p=0.073). There were no other differences 

between the two groups based on cancer cell type, PD-L1 positivity, or immunotherapy regimen. PFS 

was longer in the Clinical Benefit versus No-Clinical Benefit groups (median 15.8 months versus 2.7 

months, respectively, p<0.01). Likewise, OS was significantly longer in the Clinical Benefit versus the 

No-Clinical Benefit groups (median 21.3 months versus 6.6 months, respectively, p<0.01). 
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Table 1. Patient Characteristics. 

Patient Characteristics 
Clinical Benefit  

(n=36) 

No Clinical Benefit 

(n=40) 
P value 

Age at diagnosis, years, mean ± SD 64 ± 9 64 ± 9 0.8 

Race    >0.9 

     White, No. (%)   32 (89%) 35 (88%)  

     Black, No. (%) 3 (8.3%) 3 (7.5%)  

     Asian Indian, Pakistani, No. (%)  0 (0%) 1 (2.5%)  

     Other, No. (%) 1 (2.8%) 1 (2.5%)  

Gender    0.3 

     Female, No. (%) 20 (56%) 17 (42%)  

     Male, No. (%) 16 (44%) 23 (57%)  

Marital Status   >0.9 

     Married, No. (%) 25 (69%) 29 (72%)  

     Divorced, No. (%) 3 (8.3%) 3 (7.5%)  

     Single, No. (%) 6 (17%) 6 (15%)  

     Widow/widower, No.(%) 2 (5.6%) 2 (5.0%)  

BMI, kg/m2,  mean ± SD 25.9 ± 4.7 25.1 ± 5.7 0.4 

% Ideal Body Weight 62 ± 8 65 ± 8 0.13 

Diabetes present, No. (%) 4 (11%) 11 (28%) 0.073 

Charlson Co-Morbidity Score, mean ± SD   9.28 ± 1.81 9.05 ± 1.36 0.7 

Smoking Status   0.8 

     Current, No. (%) 9 (25%) 13 (32%)  

     Former, No. (%) 23 (64%) 23 (57%)  

     Never-smoker, No. (%) 4 (11%) 4 (10%)  

Pack-years (current or former smokers), mean ± SD 36 ± 22 35 ± 28 0.6 

Stage     

     IIIA or IIIB, No. (%) 2 (5.6%) 2 (5%) >0.9 

     IV, No. (%) 34 (94%) 38 (95%)  

Cancer Cell Type   0.2 

    Adenocarcinoma, No. (%) 29 (81%) 33 (82%)  

    Squamous Cell Carcinoma, No. (%) 4 (11%) 7 (18%)  

    NSCLC, No. (%) 3 (8.3%) 0 (0%)  

PD-L1 Result   0.2 

   Positive, No. (%) 21 (70%) 19 (56%)  

   Negative, No. (%) 9 (30%) 15 (44%)  

PD-L1%, if positive, mean ± SD   57 ± 36 57 ± 35 >0.9 

Immunotherapy Type   0.3 

     PD-1, No. (%) 27 (75%) 25 (62%)  

     PD-L1, No. (%) 9 (25%) 13 (32%)  

     PD-1, CTLA-4, No. (%) 0 (0%) 2 (5.0%)  

Received Immunotherapy plus chemotherapy, No. (%) 21 (58%) 20 (50%) 0.5 

Received Immunotherapy plus targeted therapy, No. (%) 10 (28%) 14 (35%) 0.5 

Special Pre-Treatment Diet   0.2 

     None, No. (%) 36 (100%) 37 (92%)  

     Pescatarian, No. (%) 0 (0%) 3 (7.5%)  

ECOG Performance Status    

    0,  No. (%) 6 (17%) 5 (12%) 0.6 

    1,  No. (%) 30 (83%) 35 (88%)  

Progression Free Survival, months, median (95% CI) 15.81 (13.35, NR) 2.73 (1.84, 5.06) <0.01 

Overall Survival, months, median (95% CI) 21.3 (18.87, 27.3) 6.61 (4.64, 11.4) <0.01 

Abbreviations: BMI=body mass index; CI=confidence interval; No.=number; NR=not reached; SD=standard 

deviation. 
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3.2. Nutritional and Inflammatory Indicators of Immunotherapy Response (Clinical Benefit) 

Of the various nutritional status indicators examined (Table 2), the 

most obvious indicator of adverse nutritional status was pre-treatment 

weight loss. Only 33% of Clinical Benefit patients had some degree of 

pretreatment weight loss versus 67% of No-Clinical Benefit patients 

(p=0.003). Although there was also a difference in mean percent weight 

loss between groups, the difference was not statistically significant. Of 

direct measured blood studies, serum albumin and RDW were 

statistically different between groups, with higher serum albumin 

(p=0.003) and lower RDW (p=0.044) in Clinical Benefit patients. The 

calculated indices of the Geriatric Nutritional Risk Index, Frailty Index 

and the Mini Nutritional Assessment were all statistically different with 

more favorable scores in the Clinical Benefit patients. 

Table 2. Nutrition and Inflammation Indicators . 

Indicators 
Clinical Benefit 

(n=36 ) 

No Clinical 

Benefit (n=40) 
p Value 

*Weight Loss     

    Yes, number of patients (%) 12 (33%) 27 (68%) 0.003 

    No, number of patients (%) 24 (64%) 13 (32%)  

    Amount of weight loss, kilograms, mean±SD   6.21 ± 2.52 (n=11) 
4.78 ± 3.71 

(n=24) 
0.078 

   *% Weight loss, if present, mean±SD 8.9 ± 3.9 6.5 ± 4.4 0.092 

Blood Counts    

 *Hemoglobin (gm/dL), mean±SD 12.49 ± 1.92 12.27 ± 1.54 0.9 

 *White blood count (thousands), mean±SD    7.5 ± 3.0 9.1 ± 4.3 0.13 

 *Total neutrophil count (thousands), mean±SD    5.27 ± 2.52 6.43 ± 3.35 0.11 

    *Total lymphocyte count (thousands), mean±SD    1.23 ± 0.70 1.25 ± 0.73 >0.9 

    *Total Monocyte count (thousands), mean±SD 0.63 ± 0.20 0.79 ± 0.42 0.11 

    Total platelet count (thousands),  mean±SD 276 ± 110 291 ± 141 0.8 

    *†RDW (red cell distribution index), mean±SD 46.2 ± 5.6 48.4 ± 5.9 0.044 

*Serum albumin (gm/dL), mean±SD 4.08 ± 0.38 3.78 ± 0.39 0.003 

*Serum sodium (mEq/L), mean±SD 138.7 ± 2.3 137.8 ± 4.0 0.5 

*Geriatric Nutritional Risk Index, mean±SD 110 ± 9 104 ± 13 0.009 

*Frailty Index, mean±SD 3.28 ± 1.03 4.42 ± 0.93 <0.001 

*Mini Nutritional Assessment, mean±SD 12.08 ± 1.95 10.47 ± 9.28 <0.001 

*Prognostic Nutritional Index, mean±SD 46.6 ± 5.5 44.0 ± 5.4 0.1 

*Monocyte to lymphocyte ratio, mean±SD 0.67 ± 0.45 0.90 ± 0.68 0.12 

*†Neutrophil to lymphocyte ratio, mean±SD 5.6 ± 3.9 6.9 ± 6.6 0.4 

†Systemic Immune Response Index (SIRI), mean±SD 3.5 ± 3.1 6.0 ± 7.1 0.041 

†Systemic Immune Inflammation Index (SII), mean±SD 1,520 ± 1,200 1,943 ± 1,838 0.4 

†Platelet to Lymphocyte ratio, mean±SD     293 ± 204 326 ± 258 0.7 

†Lymphocyte to monocyte ratio, mean±SD     2.06 ± 1.08 1.88 ± 1.73 0.12 

*Indicator of malnutrition; †Indicator of inflammation. 

Of the various indicators of increased pre-treatment inflammation, the RDW and the Systemic 

Immune Response Index (SIRI) were both significantly elevated in the No-Clinical Benefit patients 

(p=0.044 and p=0.041, respectively). Other inflammation indicators were not statistically different.  

For skeletal muscle analysis, our chest/abdomen CT scan-derived measures were the SMI (the 

indicator of sarcopenia) and the SMD (the indicator of myosteatosis or fatty muscle infiltration). Both 

of these indicators are strongly correlated with functional impairment, systemic inflammation and 
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reduced survival [39,41]. Prior to starting ICI, there was no significant difference in the baseline 

degree of muscle atrophy/sarcopenia or muscle density (SMI or SMD). However, over the course of 

immunotherapy, there was a significantly more muscle atrophy and decline in muscle density in the 

no clinical benefit group (Supplementary Table S1). Although almost all patients had some degree of 

muscle atrophy during treatment, it was noted that slower rates of both muscle atrophy and 

myosteatosis (i.e., decrease in SMI or SMD per week) were significantly associated with increased 

probability of complete response to immunotherapy in univariate analysis (Odds ratio (OR)=3.15, 

95% confidence interval (CI): (1.73-6.39, and p<0.001 for SMI; OR=2.04, 95% CI: 1.14-4.23, and p<0.031 

for SMD) and also multivariate analysis (OR=20.6, 95% CI:3.25-257, and p<0.01 for SMI; OR=9.46, 95% 

CI: 1.41-106, and p<0.017 for SMD).  

The univariate logistic regression analysis finds Mini Nutritional Assessment (MNA), serum 

albumin, weight loss, Geriatric Nutritional Risk Index (GNRI), and total monocyte count significantly 

associated with Clinical Benefit. In addition, Systemic Immune Response Index (SIRI), Prognostic 

Nutritional Index (PNI), WBC, and diabetes were borderline significantly associated with Clinical 

Benefit (Figure 1).  

 

Abbreviations: Nutr=nutritional; SMI=Skeletal muscle index; SMD=Skeletal muscle density; Mono=monocytes; 

Prog=prognostic; wbc K=white blood cells in thousands; SIRI=Systemic Immune Response Index;  RDW=Red 

cell distribution index; SMI=Skeletal muscle index; SMD=Skeletal muscle density; SII=Systemic Immune 

Inflammation index; BMI=Body mass index; age dx=age at diagnosis. *Forest Plot of Log Odds Ratios from 

Univariate Logistic Regression. 

Figure 1. Univariate Association of Demographic and Nutritional Factors of Clinical Benefit with 

Immunotherapy*. 

When a multivariable logistic regression model was applied using a stepwise variable selection 

adjusting for age and sex as key demographic variables, the model retained MNA index, rate of 

percent change in SMI and SMD, and age at diagnosis were significantly associated with Clinical 

Benefit. Weight loss and diabetes were borderline significantly associated with Clinical Benefit. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 June 2025 doi:10.20944/preprints202506.2541.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202506.2541.v1
http://creativecommons.org/licenses/by/4.0/


 8 of 20 

 

However, only the MNA index and rate of percent change in SMI and SMD were significant while 

other variables had less significant association (Figure 2).  

Characteristic Odds Ratio 95% CI p-value 

Mini Nutritional Assessment 3.28 1.76, 8.08 0.002 

Rate of percent change in SMI 16.2 2.55, 200 0.01 

Rate of percent change in SMD 33.7 2.58, 964 0.017 

Weight Loss    

no — —  

yes 14.6 1.22, 407 0.063 

Diabetes    

No — —  

Yes 0.1 0.01, 0.90 0.06 

Age at diagnosis 0.89 0.78, 0.98 0.036 

Abbreviations: CI = Confidence Interval, OR = Odds Ratio. 

 

AUROC of  0.941 (95% CI=(0.891, 0.992) and  p<0.05). 

Figure 2. Predicted Probability of Response to Immunotherapy and Receiver-Operating Characteristic Curve of 

Mini Nutritional Assessment Model. 

A nomogram was used to visualize the model and facilitate the estimation of the probability of 

clinical benefit.  The prediction accuracy of the multivariate model using MNA index and rate of 

percent change in SMI and SMD was significantly high in terms of an Area Under Receiver-Operator 

Characteristic curve (AUROC) of 0.941 (95% CI=(0.891, 0.992) and p<0.05). (Figure 2). Using MNA 

alone also had a significantly high prediction accuracy in terms of an Area Under Receiver-Operator 

Characteristic curve (AUROC) 0.886 (95% CI=0.813, 0.959, p<0.05). (Supplementary Figure S1). 
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3.3. Nutritional and Inflammatory Indicators of Overall Survival After Immunotherapy  

Demographic and nutrition variables that showed significant associations with post-

immunotherapy survival include MNA, SIRI, total neutrophil count, total white blood cell count, 

amount of weight loss, rate of percent change in SMI, total monocyte count, rate of percent change in 

SMD, serum albumin, Systemic Immune Inflammation Index (SII), neutrophil to lymphocyte ratio, 

GNRI, serum sodium, RDW, and monocyte to lymphocyte ratio. Borderline significant variables 

included PNI and hemoglobin (Figure 3). 

 

Figure 3. Univariate association of demographic and nutrition features with overall survival after 

immunotherapy. 

The Kaplan-Meier curves of overall survival for the significant continuous variables upon the 

median split are shown (Figure 4). The Kaplan-Meier curves of overall survival for the significant 

categorical variables are shown in Supplementary Figure S2. 
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Figure 4. Overall survival curves for significant nutritional variables. 

Slower rates of both muscle atrophy and myosteatosis were significantly associated with lower 

risk of death (both p<0.001) on univariate Cox proportional hazards regression analysis. In the 

multivariable analysis of OS after immunotherapy, rates of change in percent change in SMI and 

SMD, ECOG performance status, RDW, serum sodium, WBC, female gender and serum albumin are 

significant factors in predicting overall survival probability (Supplementary Table S2). Increased 

percent change in SMI and SMD are associated with reduced risk of death by 62.5% (HR=0.275, 95% 

CI: 0.13-0.584) and 63% (HR=0.366, 95% CI: 0.154-0.872). Higher RDW and WBC are associated with 
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higher risks (HR=1.1 (95% CI: 1.039-1.169) and 1.24 (95% CI: 1.039-1.169), respectively). Higher serum 

sodium and albumin are associated with decreased risk of death (HR=0.877 (95% CI: 0.809-0.951) and 

0.416 (95% CI: 0.175-0.992). When the muscle index (SMI) and density (SMD) are excluded from the 

analysis, a higher MNA is associated with 20% lower risk of death (HR=0.8, 95% CI=0.71-0.9) 

Supplementary Table S3. Also, a higher RDW and WBC are associated with higher risks of death 

(HR=1.09 (95% CI: 1.03-1.14) and 1.18 (95% CI: 1.08-1.29), respectively).  Overall, a depressed 

nutritional status and evidence of inflammation were significant negative predictors of OS. 

4. Discussion 

A strong, dynamic relationship exists between nutritional state and immune function [43]. A 

deficiency of numerous micro and macronutrients in the malnourished patient readily leads to poorly 

functional immune system and a pro-inflammatory state.  Malnutrition to some degree is present in 

15-40% of cancer patients at presentation, and is likely caused by an inflammatory state that promotes 

anorexia and weight loss [44]. Furthermore it is well established that malnutrition can adversely 

influence medical and surgical treatment outcomes, impair wound healing, lead to sarcopenia and 

weakness, and worsen quality of life. A poor initial nutritional status, often termed cancer cachexia 

when weight loss >5%, will impair tolerance and response to most antineoplastic therapy types, 

including immunotherapy, which depends on a robust immune system for a positive effect [44].  

4.1. Current Study 

In our prospective study of 76 advanced lung cancer patients undergoing immunotherapy, an 

impressive 36 (47%) met our criteria for Clinical Benefit with a progression-free survival at 1 year. 

Unfortunately, over one-half of all patients did not have a favorable response. The Clinical Benefit 

cohort had a progression-free median survival of 15.8 months versus 2.7 months in the No-Clinical 

Benefit group (p<0.01). The overall median survival was 21.3 months in the Clinical Benefit cohort 

versus 6.6 months in the No-Clinical Benefit group (p<0.01).   

The purpose of our prospective study was to investigate individual pre-treatment patient 

characteristics that might account for this major disparity in clinical response. Non-responders had 

numerous pretreatment indicators of a depressed nutritional status and significant chronic 

inflammation.  

The most obvious indicator of malnutrition is weight loss which was present in 68% of the 

patients who had No-Clinical Benefit from ICI. A number of highly sensitive and specific validated 

nutritional risk screening tools were employed. The No-Clinical Benefit cohort of patients had a 

depressed nutritional status as demonstrated by low serum albumin and high RDW, as well as 

adverse scores on the nutrition screening tools Geriatric Nutritional Risk index, the Frailty index and 

the Mini Nutritional Assessment (Table 2). Each indicator had a significant correlation with overall 

survival (Figure 4).  

Furthermore, as expected, the No-Clinical Benefit group had significant chronic inflammation 

as documented by an elevated Systemic Immune Response Index and an elevated RDW. Malnutrition 

generally arises from an inflammatory state that results in anorexia and subsequent weight loss [44].  

Skeletal muscle measurements calculated from serial chest/abdomen CT scans over 3-6 months 

of immunotherapy are much different indicators of nutritional status and chronic inflammation as 

well as predictors of poor progression-free and overall survival [38,40]. The skeletal muscle index 

(SMI) is an indicator of sarcopenia, and the skeletal muscle density (SMD) is an indicator of 

myosteatosis or a higher presence of intramuscular fat infiltration.  Both SMI and SMD are 

associated with functional impairment, systemic inflammation and reduced survival [39,41].  

Although the pretreatment SMI and SMD were not significantly different in the ICI responders 

and non-responders, we found that there was a more rapid progression of sarcopenia (greater 

percentage of SMI loss per time) and more rapid progression of myosteatosis (greater percentage of 

SMD reduction per time) over time during immunotherapy in non-responders and were significantly 

associated with poor survivals. Since there was some degree of progressive sarcopenia and 
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myosteatosis in all patients in both cohorts (significantly worse in non-responders), this problem 

strongly supports the need for prescribing resistance and exercise training for all patients during and 

after completing ICI treatment to minimize the cancer and treatment-related adverse effects of 

anxiety, depressive symptoms, fatigue, decreased physical function, muscle weakness, and many 

other negative changes, as recommended by the 2019 Consensus Statement from an International 

Multidisciplinary Roundtable, the National Cancer Institute and others [45–47]. Although the 

nutritionally-depressed patients who were non-responders to ICI treatment did not have pre-

treatment evidence of a depressed skeletal muscle status, significantly more progressive sarcopenia 

and myosteatosis than the less nutritionally-impaired patients during ICI suggests that a pre-

treatment catabolic state may be important to identify and target with interventions.  

Overall, by multivariate analysis, the most accurate screening tool that predicts response to ICI 

pretreatment is the 6-measurement Mini Nutritional Index (AUC=.886, p<0.05) (Figure 2). In the 

multivariable analysis of overall survival after immunotherapy, rates of change in percent change in 

SMI and SMD, ECOG performance status, RDW, serum sodium, WBC, gender and serum albumin 

are significant factors in predicting overall survival probability (Supplementary Table S2). However, 

if the SMI and SMD which are measured over the course of ICI therapy are excluded from analysis, 

a higher pretreatment MNA score is significantly associated with 20% lower risk of death. Taken 

together, the quickest, most accurate validated tool easily-assessed at a pre-treatment clinic visit 

(without needing to wait for laboratory tests) for nutritional screening of oncology patients to predict 

ICI response is the MNA (Supplementary Table S4), which also strongly correlates with WBC, RDW 

and the marital status.  

4.2. Prior Studies 

Over 4 decades ago, Dewys and associates analyzed data from 12 ECOG chemotherapy 

protocols and found that weight loss was associated with decreased median survival, even in patients 

with good performance status (ECOG 0) [48]. Aside from the numerous studies documenting 

pretreatment malnutrition with reduced survival with chemotherapy in lung cancer [12], Fiala and 

colleagues found that a low serum albumin as a marker for malnutrition in targeted therapy to be a 

negative predictor of PFS and OS in patients with metastatic NSCLC treated with tyrosine kinase 

inhibitors [49]. In fact, malnutrition in patients with advanced NSCLC treated with the second 

generation EGFR-inhibitor afatinib had a much higher severe gastrointestinal toxicity risk and 

required dose reduction.  

Shoji and associates reported in 2019 on 102 advanced NSCLC patients finding that an 

abnormally low Prognostic Nutritional Index (PNI) predicted a reduced OS after ICI therapy [50], 

similar to the findings in the current study. Subsequently Lee and associates [4] in 2020 

retrospectively reviewed 106 patients undergoing ICI treatment for advanced NSCLC, finding that 

evidence of malnutrition based on pretreatment >5% weight loss and hypoalbuminemia were 

associated with a decreased OS. The current study also found that weight loss and hypoalbuminemia 

were significantly associated with decreased OS and PFS.  

Although numerous published nutritional assessment indicators exist, the MNA has been 

shown to be a more sensitive baseline screening method than weight loss history in metastatic lung 

cancer patients for prediction of treatment response, time to progression and overall survival [51]. 

The most recent published study by Madeddu and associates [52] in 2023 looked prospectively at 74 

advanced lung cancer patients undergoing immunotherapy. They found that an elevated level of the 

inflammatory cytokine IL-6 and adverse elevated miniCASCO score [53] (assesses weight loss, 

inflammation, physical status and quality of life) are predictive of a poor clinical response to 

immunotherapy and a decreased progression-free survival and overall survival—confirming the 

findings of the current study. 

Additionally, the presence of inflammation has a negative impact on ICI treatment results in 

NSCLC, as demonstrated in the present study with an elevated RDW and Systemic Immune 

Response Index. Although there is no consensus as to the best markers of inflammation, Kiriu and 
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colleagues in 2019 found that elevated RDW, which reflects the variation in red cell volume, strongly 

correlates with inflammation and nutrition state, and was an independent factor predicting a worse 

OS and poor prognosis in NSCLC patients undergoing ICI treatment [54]. Shiroyama and associates 

also found in ICI lung cancer patients that a pretreatment adverse advanced lung cancer 

inflammation index (BMI x serum albumin/NLR) and an elevated neutrophil-to-lymphocyte ratio 

(NLR) were strong prognostic factors for poor PFS and OS. Chronic inflammation facilitates 

resistance to treatment and progression of the tumor [55]. Overall, no matter what indicators are 

employed, it is convincingly demonstrated that an adverse inflammatory status and poor nutritional 

status lead to immune system malfunction and poor response to immunotherapy in lung cancer [12] 

4.3. Mechanism 

The vicious combination of malnutrition and chronic inflammation leading to cancer cachexia 

and sarcopenia strongly impacts the immune system, impairing response to therapy. Malnutrition 

impairs the ability of lymphocytes to proliferate and produce interferon-gamma, the cytokine 

responsible for inducing an array of immune responses [12]. Malnutrition with its deficiency in macro 

and micronutrients has an adverse effect on the gut microbiota leading to a dysbiotic microbiome 

that produces pro-inflammatory cytokines and decreased T-cells and natural-killer-cells resulting in 

immunodeficiency with depressed ICI response [10,56]. Systemic inflammation is a major driver of 

cancer-related malnutrition causing muscle wasting and liver metabolism change which sends 

signals of anorexia to the central nervous system [12]. The hypoalbuminemia resulting from 

inflammation leads to increased vascular permeability with albumin leakage into the interstitial space 

providing materials for cell proliferation [12] 

An additional mechanism determining ICI response was described by Turner and colleagues 

[57] who performed a retrospective analyses of data from large, randomized ICI trials (KEYNOTE-

002 for melanoma and KEYNOTE-0101 for NSCLC) for 340 melanoma and 804 NSCLC patients 

treated with the ICI pembrolizumab, comparing OS to dose, exposure and baseline clearance of the 

ICI. They found that patients with a high clearance of pembrolizumab resulted in a poor OS, and 

subsequently looked at the clinical factors related to rapid ICI clearance. The major finding was that 

patients with cancer cachexia, defined as >5%weight loss, had the highest clearance of ICI and poorest 

OS. They postulated that those cachectic individuals suffering dramatic loss of weight and muscle 

strength have catabolic drivers of skeletal muscle loss that also result in catabolic clearance in an 

accelerated primary elimination pathway for pembrolizumab and other similar biologics.  

4.4. Prehabilitation 

When confronted with a NSCLC patient with weight loss and anorexia, the unfortunate usual 

recommendation is for the patient to drink a high sugar/high protein drink such as Boost® or Ensure®, 

and then proceed with immunotherapy as soon as possible. These seemingly beneficial high-refined-

sugar/protein drinks may be counterproductive. The heavy, refined-glucose load elevates insulin 

levels (a cancer cell growth stimulator) [58] and the release from the liver of insulin-like growth factor 

(IGF-1), a promotor of cell cycle progression, angiogenesis and metastasis [59–61], in addition to 

leading to a dysbiotic inflammatory gut microbiome [62]. 

With the extensive body of evidence documenting that malnutrition and chronic inflammation 

result in poor response to systemic therapy, especially ICI in advanced NSCLC patients, can we 

employ an intensive prehabilitation program that might improve their immune status prior to 

treatment [63,64]? For years oncologic surgeons have focused on early nutritional support before and 

after surgery for patients with moderate to severe nutritional risk, codified by the proven-effective 

enhanced-recovery-after-surgery (ERAS) program [44]. The author recently published a large 

retrospective case-control series of 462 patients undergoing curative resection of thoracic neoplasms 

who benefitted from a short 5-day preoperative protocol [Nutritional-Enhanced Recovery After 

Surgery (N-ERAS)] that resulted in fewer complications and shorter hospital stays [65].  
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Unfortunately, most oncologists have not focused on the highly important nutritional aspect of 

their advanced cancer patients’ status prior to treatment. Studies suggest that a short period of 

intensive nutritional prehabilitation along with added exercise can alter the efficacy of cancer 

treatment by improving immune competence and patients’ quality of life [12,44,63,66,67].  Many 

techniques have been describe to modulate the gut microbiota to enhance the effects of ICIs including 

dietary modification which is perhaps the easiest to employ [68]. Besides advocating for an anti-

inflammatory diet, a recent, well-designed human trial [69] showed that a fermented-food-enhanced 

diet (yogurt, kefir, kombucha, fermented vegetables, etc.) markedly decreased inflammatory markers 

and increased microbiome diversity that favorably modulated immune function. This approach may 

also be beneficial prior to ICI, and consequently we are currently accruing participants to a pre-

treatment fermented foods trial in patients scheduled to undergo ICI treatment for NSCLC. Likewise, 

placing a metastatic lung cancer patient on a pre-treatment ketogenic diet regimen may improve 

patient outcomes by enhancing the effects of therapy through creation of an unfavorable metabolic 

environment thereby impeding tumor growth [70,71]. We are currently planning a similar ketogenic 

diet clinical trial in metastatic NSCLC patients who will undergo ICI treatment. 

The most common measure of the patients’ physiological status during participation in 

prospective, randomized clinical trials of systemic cancer therapy is the ECOG performance status, 

which is used to evaluate the balance of randomized cohorts and is also used in the evaluation of 

results. As many as 40% of advanced cancer patients have been reported to have some degree of 

unintentional weight loss (51% in the current study). These cancer cachexia patients have a 

significantly decreased chance of responding to systemic therapy (chemotherapy, targeted therapy, 

or immunotherapy) [48]. Nevertheless, many of these patients with weight loss (who are poorly 

responsive to therapy) may still qualify as ECOG performance status 0 by the standard definition 

(“fully active, no performance restrictions”) [72]. Therefore, major clinical trials may have 

significantly unbalanced cohorts with regard to nutritional status. Consequently, this imbalance may 

skew the results and trial conclusions. We therefore propose that a Nutritional Performance Status 

(NPS) classification (Supplementary Table S5) be considered for inclusion in future prospective 

studies to balance treatment groups more accurately. 

4.5. Limitations 

Since this study is an unplanned post-hoc analysis of the data, one limitation is that we could 

not obtain several specific blood studies such as C-reactive protein, cytokine levels, and transferrin. 

However, the results using the available indicators are so definitive such that additional blood studies 

would be interesting but would not likely modify the results. In addition, some patient data is based 

on patient recall which can be fallible, such as exact amounts of weight loss, although most patients 

are quite aware of changes in their weight, but perhaps not the exact amount. 

5. Conclusions 

Numerous published studies have documented the deleterious effect of pretreatment nutritional 

depletion and chronic inflammation on the response and survival rates with all forms of systemic 

therapy in advanced NSCLC. Using multiple blood and clinical indicators, our study has 

dramatically demonstrated that the patient with cancer cachexia with its concomitant chronic 

inflammation and the resultant immunosuppression has a markedly decreased chance of responding 

to ICI leading to a poor progression-free and overall survival. We recommend using the easy-to-use 

MNA indicator with all new patients, which is much better at predicting survival/clinical benefit than 

the lauded PD-L-1 score. When depressed, that patient should be promptly referred for pre-treatment 

intensive nutritional counseling. Considering the marked negative effect of malnutrition on systemic 

treatment response in patients who still qualify as ECOG performance status 0-1 patients, prospective 

clinical trials should also match their cohorts by nutritional status, or they run the risk of unbalanced 

cohorts and invalid results. 
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Abbreviations 

The following abbreviations are used in this manuscript:. 

AUROC   Area Under Receiver-Operator Characteristic curve  

BMI   Body mass index. 

CI   Confidence interval. 

CR   Complete response. 

CT   Computed tomography. 

CTLA-4   Cytotoxic T-lymphocyte associated protein 4. 

ECOG   Eastern Cooperative Oncology Group. 

ERAS   Enhanced recovery after surgery. 

FDA   Federal Drug Administration. 

GNRI   Geriatric Nutritional Response Index. 

HR   Hazard ratio. 

HU   Hounsfield Unit. 

ICI   Immune checkpoint inhibitor. 

IGF-1   Insulin-like growth factor-1. 

IRB   Institutional Review Board. 

MCC   Moffitt Cancer Center. 

MNA   Mini Nutritional Assessment. 

N-ERAS   Nutritional enhanced recovery after surgery. 

NLR   Neutrophil to lymphocyte ratio. 

NPS   Nutritional performance status. 

NSCLC   Non-Smal-cell lung cancer. 

PD   Progressive disease. 
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PD-L-1   Programmed death-ligand-1. 

PR   Partial response. 

PFS   Progression free survival. 

PNI   Prognostic Nutritional Index. 

OR   Odds ratio. 

OS   Overall survival. 

RDW   Red cell distribution width. 

SD   Stable disease or Standard deviation. 

SII   Systemic Immune Inflammation index. 

SMD   Skeletal muscle density. 

SMI   Skeletal muscle index. 

SIRI   Systemic Immune Response Index. 

T12   12th Thoracic Vertebra. 

WBC   White blood cell. 
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