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Objective

Various studies have investigated the predictive significance of numerous peripheral blood biomarkers in patients with small cell lung cancer (SCLC). However, their predictive values have not been validated. This study assessed and evaluated the ability of common nutritional or inflammatory indicators to predict overall survival (OS) in patients with SCLC who received first-line chemotherapy.





Methods

Between January 2008 and July 2019, 560 patients with SCLC were enrolled at the Sichuan University West China Hospital. Eleven nutritional or inflammatory indices obtained before chemotherapy were evaluated. The cutoff values of continuous peripheral blood indices were confirmed through maximally selected rank statistics. The relationship of peripheral blood indices with OS was investigated through univariate and multivariate Cox regression analyses. Harrell’s concordance (C-index) and time-dependent receiver operating characteristic curve were used to evaluate the performance of these indices.





Results

A total of 560 patients with SCLC were enrolled in the study. All the patients received first-line chemotherapy. In the univariate Cox analysis, all indices, except the Naples score, were related to OS. In the multivariate analysis, albumin–globulin ratio was an independent factor linked with prognosis. All indices exhibited poor performance in OS prediction, with the area under the curve ranging from 0.500 to 0.700. The lactic dehydrogenase (LDH) and prognostic nutritional index (PNI) were comparatively superior predictors with C-index of 0.568 and 0.550, respectively. The LDH showed incremental predictive values, whereas the PNI showed diminishing values as survival time prolonged, especially for men or smokers. The LDH with highest sensitivity (0.646) and advanced lung cancer inflammation index (ALI) with highest specificity (0.952) were conducive to identifying death and survival at different time points.





Conclusion

Common inflammatory or nutritional biomarkers are only marginally useful in predicting outcomes in patients with SCLC receiving first-line chemotherapy. Among them, LDH, PNI, and ALI are relatively promising biomarkers for prognosis evaluation.
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Introduction

Small cell lung cancer (SCLC) accounts for approximately 15% of all lung cancer cases, which is characterized by a high growth fraction and widespread metastasis (1). Patients with SCLC have a poor prognosis, with a 5-year survival rate of less than 7% (2).

The Veterans Administration Lung Study Group (VALSG) system and the eighth edition of the American Joint Committee on Cancer TNM classification are widely accepted as the staging system. The National Comprehensive Cancer Network (NCCN) guidelines recommend surgery, followed by adjuvant treatment, for patients with limited-stage cancer at T1-2N0M0 (3). Currently, the standard of care for patients in the extensive stage is chemotherapy or chemotherapy combined with immunotherapy (3). Although cancer stage and treatment strategy are decisive factors for cancer prognosis, weight loss, levels of lactate dehydrogenase, creatinine, and serum sodium were also reported to be associated with the prognosis of chemoradiotherapy-treated locally advanced SCLC (4).

Recent studies have shown that some indices calculated on the basis of peripheral blood cells and biochemical markers can be used to tailor the treatment response or prognosis of with lung cancer (5, 6). These indices are mainly associated with inflammatory response, infection, malnutrition, sarcopenia, or cachexia, which are common complications observed during lung cancer management. Examples of these indices are neutrophil–lymphocyte ratio (NLR), platelet–lymphocyte ratio (PLR), lymphocyte–monocyte ratio (LMR), prognostic nutritional index (PNI), and geriatric nutritional risk index (GNRI) (7, 8). It was reported that NLR and PLR could enhance the prediction accuracy and stability for the prognosis of limited-stage SCLC (9). Furthermore, the high PNI level appears to be an independent beneficial predictor of patients with chemotherapy-treated SCLC (10). According to a prospective analysis, GNRI is linked to treatment response in extensive-stage SCLC (11). Moreover, the controlling nutritional status score (CONUT score) has been indicated as a predictor of recurrence and survival time for patients with SCLC (12). The predictive ability of these biomarkers, however, has not been examined. Furthermore, the optimal index has not been identified. Most importantly, these studies have used a mix of all patients with SCLC who received distinct treatments, which may lead to a considerable bias. Therefore, we conducted this retrospective study to determine and compare the prognostic capability of common inflammatory/nutritional biomarkers in patients with SCLC who received first-line chemotherapy.





Methods




Participants

This single-center retrospective study was conducted on patients diagnosed as having SCLC through biopsy at the West China Hospital between January 2008 and July 2019. The study included patients (1) diagnosed as having SCLC through biopsy, (2) whose basic clinical information and data about peripheral blood tests before treatment initiation were available, and (3) who received first-line chemotherapy. We excluded patients (1) whose clinical information and peripheral blood test details were unavailable, (2) peripheral blood tests were after initiation of chemotherapy, and (3) who were lost to follow-up. In total, 560 patients with SCLC who underwent routine in-hospital laboratory tests were included in the study. This study protocol was approved by the West China Hospital Ethics Committee of Sichuan University.





Clinical information collection and follow-up

To retrieve the fundamental patient data, electronic medical records, including case notes and pathology reports, were analyzed. The retrieved data included age, sex, weight, height, VALSG stage, smoking history, metastasis site, complication, comorbidity, and therapy strategy. The blood biomarkers evaluated at pathological diagnosis or before initiating chemotherapy were neutrophil count (109/L), lymphocyte count (109/L), monocyte count (109/L), platelet count (109/L), albumin (g/L), albumin–globulin ratio (AGR), lactic dehydrogenase (LDH) (U/L), creatinine (μmol/L), cholesterol (mmol/L), neuron-specific enolase (NSE) (U/mL), and carcino embryonic antigen (CEA) (ng/mL). The survival status was determined from the date of the last follow-up in July 2019. The patients were followed up every 3 months by telephone. The outcome was overall survival (OS) time, which was measured from the time that SCLC was diagnosed up until the time of death or the last follow-up.





Definition and cutoff values of biomarkers

NLR, PLR, and LMR represented the neutrophil–lymphocyte count ratio, the platelet–lymphocyte count ratio, and the lymphocyte–monocyte count ratio in the whole blood, respectively. The PNI was defined as the albumin concentration (g/L) in the whole blood plus five times the total lymphocyte count (109/L). The advanced lung cancer inflammation index (ALI) was defined as body mass index × serum albumin (g/L)/NLR. The GNRI was defined as 1.489 × albumin (g/L) − 41.7 × (actual weight/ideal weight). An ideal weight for men was defined as 0.75 × height (cm) − 62.5, whereas that for women was defined as 0.60 × height (cm) − 40. For patients whose actual weight exceeded the ideal weight, the actual weight/ideal weight was set to 1. The creatinine–cystatin C ratio (ScrCys) was the ratio of serum creatinine and cystatin C. The Naples score was calculated from the NLR, LMR, and albumin and cholesterol levels. The CONUT score was derived on the basis of the serum albumin concentration, total blood cholesterol level, and total peripheral lymphocyte count. The optimal cutoff values of NLR, PLR, LMR, PNI, GNRI, AGR, ScrCys, LDH, NSE, and CEA were determined through the maximally selected rank statistics (13, 14). The cutoff point of Naples and CONUT scores was defined as 2.





Statistics analysis

The basic clinical characteristics of the included patients were summarized using descriptive statistics. The collinearity among indices was conducted by Pearson correlation analysis. The optimal cutoff values of NLR, PLR, LMR, ALI, PNI, GNRI, AGR, ScrCys, LDH, NSE, and CEA were determined using Jamovi 2.2.5. The prognostic values of all biomarkers and other clinical characteristics were evaluated through the univariate Cox regression analysis. The most important and significant parameters without collinearity in univariate analysis were further submitted for multivariate Cox regression analysis. The capability to predict OS of indices was assessed using Harrell’s concordance index (C-index), time-dependent area under the curve (t-AUC), sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV). All statistical analyses were performed using R software version 3.5.1, and all figures were charted using ggplot2 and GraphPad Prism 8.0.






Results




Basic clinical characteristics of patients

In total, 560 patients with SCLC who met the inclusion and exclusion criteria were included (Figure 1). Patients’ demographic characteristics are presented in Table 1 and Supplementary Table 1. The mean age at diagnosis was 57 years (range: 28–79 years), and the majority of the patients were men and smokers, which was consistent with the substantial evidence (15). Approximately 67.7% of the patients had evolved to the extensive stage during enrollment. Pretreatment NLR, PLR, LMR, PNI, GNRI, AGR, ALI, ScrCys, LDH, NSE, and CEA were described as continuous variables, whereas Naples and CONUT scores were described as categorical variables (Table 1). Liver, bone, and brain metastases were the most common metastatic sites. A total of 11.6% of patients were complicated with superior vena cava syndrome and 6.4% of patients suffered from pleural or pericardial effusion at diagnosis. Hypertension, diabetes mellitus, and chronic bronchitis with emphysema were the most common comorbidities. Nearly all the patients (97.5%) underwent platinum-based chemotherapy (Figure 2, Supplementary Table S1). A total of 206 patients received thoracic radiotherapy and 49 patients received prophylactic cranial irradiation combined with first-line chemotherapy (Supplementary Table S1). Median OS was 393 days, and median follow-up time was 1941 days.




Figure 1 | Flowchart of the selection of study population and exclusion criteria.




Table 1 | Baseline characteristics of all study participants.






Figure 2 | Baseline clinical characteristics of the included patients. (A) Metastasis sites, (B) complications or comorbidities, and (C) chemotherapy regimens of the included patients.







Determination of the optimal cutoff and prognostic values of indices

NLR, PLR, LMR, PNI, GNRI, ALI, AGR, ScrCys, LDH, NSE, and CEA had appropriate cutoff values of 3.56, 143.84, 3.50, 45.15, 98.58, 159.04, 1.34, 62.79, 204.00, 22.35, and 5.36, respectively (Supplementary Figure S1). These cutoff values were close to those reported in previous investigations. All biomarkers were dichotomized into high or low groups according to the corresponding cutoff values. The univariate analysis was conducted to reveal the unadjusted relationship between biomarkers and OS. Except for the Naples score, all other inflammatory/nutritional biomarkers were associated with OS (Table 2). Because candidate indices were derived from common blood parameters, the correlation analysis was performed. ALI, PNI, GNRI, CONUT, NLR, PLR, and LMR showed a significant correlation reciprocally with r coefficient > 0.40 and P-value < 0.05 (Figure 3; Supplementary Table S2). Therefore, ALI, AGR, ScrCys, NSE, and CEA were eventually incorporated into multivariate analysis, which were not correlated with each other. In the multivariate Cox analysis, low AGR that indicated poor physical nutrition or immune state remained as an independent risk factor for survival after adjusted by sex, smoking, stage, metastasis sites, complications, TRT, PCI, and tumor biomarkers (HR, 1.25; 95% CI, 1.02–1.54; P-value, 0.033).


Table 2 | Univariate and multivariate analyses in relation to the patient’s overall survival.






Figure 3 | The correlation analysis among all the indices. P < 0.05 was labeled as *.







Prognostic predictive performance of inflammatory and nutritional indicators

The prognostic predictive performance of indices was assessed using the C-index and t-AUC. As shown in Table 3 and Figure 4A, common inflammation- and nutrition-based indices showed inferior C-index to conventional tumor biomarkers such as NSE and CEA, which reflected their limited values for prognostic prediction (Table 3, Figure 4A). Among them, LDH and PNI were the relatively desirable indices with the highest C-index of 0.568 and 0.550, respectively. Notably, most of the aforementioned biomarkers exhibited increased predictive capabilities in long-term survival (Figure 4B). The LDH was the most valuable indices for 3-year survival with AUC of 0.629. Otherwise, the sensitivity, specificity, PPV, and NPV of all the biomarkers were analyzed. Except for NSE, the LDH showed a highest sensitivity (a high true positive fraction of death) and NPV, whereas ALI showed a highest specificity (a low false positive fraction of death) and PPV at different time points (Tables 4, 5; Supplementary Tables S3, S4).


Table 3 | Prognostic predictive performance of all the biomarkers.






Figure 4 | Prognostic predictive performance of the biomarkers. (A) C-index and time-dependent AUC at 1-, 2-, and 3-year survival of all the indices. (B) Biomarkers showed better prognostic predictive value for long-term survival.




Table 4 | Sensitivity of all the biomarkers to identify mortality risk at different time points.




Table 5 | Specificity of all the biomarkers at different time points.







Subgroup analysis of the predictive value of inflammation/nutrition-based biomarkers

We further assessed the values of the inflammation/nutrition-based biomarkers for SCLC subgroups. All the biomarkers remained poor predictive performance in all the subgroups with C-index in the 0.500–0.600 range. Compared with other indices, the LDH, PNI, and AGR were the most prominent predictors for men and smokers. These groups of patients accounted for the majority of participants. Similarly, the LDH showed increasing predictive values, whereas the PNI showed diminishing values in this population as the survival time prolonged. The LDH was significant predictor for women or non-smokers (Supplementary Tables S5–S8).






Discussion

Currently, numerous nutrition- and inflammation-based indices have been shown to serve as prognostic markers for SCLC. We verified and contrasted the prognostic predictive efficiency of these indices in a sizable cohort. The AGR was an independent factor for survival after adjusted for clinical information. However, all these prognostic biomarkers or scores had C-index and t-AUC ranging from 0.500 to 0.700, which indicated that these peripheral blood parameters were not effective enough in prognosis prediction. The LDH and PNI were relatively valuable with C-index of 0.568 and 0.550, respectively. The LDH and ALI showed highest sensitivity (negative predictive value) and specificity (positive predictive value), respectively, indicating a promising significance of predicting survival and death at different time points. 

As a canonical tumor and inflammation biomarker, LDH that had collinearity relationship with NSE showed superior performance in prognostic prediction in this study, especially for long-term survival. Previous studies have confirmed that the LDH level was an independent risk for chemotherapy effect and OS of SCLC (16, 17). Cancer cells metabolizes 10-fold glucose through the glycolysis pathway rather than through mitochondrial respiration to produce energy known as the Warburg effect, in which LDH catalyzes the transformation of pyruvate to lactic acid (18). It is also associated with tumor burden, tumor immunogenicity, and activation of oncogenic signaling pathways (19). Although a partial list of innovative prognostic scores were proposed present study demonstrated the relative superiority of LDH and NSE for patients with SCLC undergoing first-line chemotherapy. Meanwhile, the LDH and NSE with highest sensitivity (highest negative predictive value) may be conducive to predicting survival probability at different time points.

Second to LDH and NSE, the PNI was also manifested as a valuable index for prognostic evaluation, especially for short-term survival in smokers or men subgroups. A pooled analysis including 4,164 patients with SCLC suggested that low PNI was correlated with decreased OS in SCLC (20). The study also illustrated that Eastern Cooperative Oncology Group (ECOG) performance status (PS) ≥2, extensive stage, and PCI were influencing factors for PNI. Another study presented the efficacy of the PNI for survival prognostication in patients with SCLC treated with platinum-based chemotherapy with an AUC of 0.564, which resembled our result with a C-index of 0.550 (10). Albumin is involved in the transportation of fatty acids, cholesterol, metal ions, therapeutic agents, and antioxidant effects. Reduced albumin level signifies multiple physiological function impairment, which negatively affects outcomes. Patients with low albumin levels, a sign of poor nutritional status, are prone to experiencing cachexia or infection. Lymphocyte deficiency symbolizes host immunosuppression, which favors tumor development and pathogen aggression. A study suggested that patients with SCLC who received radiotherapy showed aberrant alteration of circulating lymphocyte subsets (21). It was also demonstrated that precursors in peripheral blood could contribute to terminal tumor-infiltrating CD8+ T lymphocytes (22). Because of the correlation between ECOG-PS and PNI, their efficacy for prognosis assessment should have been compared. Similar to PNI, the AGR also reflects physical nutritional and immune status. It could serve as a simple prognostic marker in patients with SCLC (23), which was proved in our study, especially for smokers and men subgroups. Albumin synthesis decreases in response to the production of some inflammatory factors involved in tumor immunity and the acute phase response, such as tumor necrosis factor, interleukin-6, and C-reactive protein (CRP) (24–26). In contrast to the trend in albumin variability, globulin synthesis increases with the accumulation of CRP and other acute-phase reactants (27). Consequently, lower AGR is associated with worse survival in patients with advanced malignancy and a high risk of tumor recurrence after undergoing complete resection (23, 28, 29).

As opposed to LDH, the ALI exhibited outstanding specificity (positive predictive value) at different time points. That is to say, a low level of ALI could be used to predict death probability. Accumulating investigations tend to concentrate on the importance of neutrophil, lymphocyte, and albumin. The ALI is exactly a composite index combining these parameters. Neutrophil infiltration and neutrophils extracellular traps in tumor microenvironment have been demonstrated to facilitate tumor progression and metastasis (30, 31). Tumor cells in return can produce granulocyte colony-stimulating factor, which skews the balance of neutrophil retention and release in bone marrow causing alteration of circulation neutrophils counts (32). A recent research conceded that ALI was the optimal inflammatory biomarkers of overall survival in patients with lung cancer (14). However, they did not report the sensitivity and specificity of ALI. We observed a wide range of cutoff points among various relevant studies, which will have profound impact on sensitivity and specificity of the biomarker (33–35). Thus, the excellent specificity in our study should be validated in an external cohort.

Regardless, because of the critical role of metabolism and inflammation in cancer occurrence and management, nutrition- or inflammation-based biomarkers can be employed as adjuvant measurements in prognostic estimation. However, their performance is poor and inferior to conventional tumor biomarkers. Actually, similar outcomes were also described in other available studies (14, 35). Because the peripheral biomarkers are not entirely identical to that in tumor microenvironment, and patients’ clinical manifestations are volatile, their application in clinical practice should be prudent.

Our study has some limitations. First, data of more completed variables, including serum CRP, and procalcitonin, were not acquired during baseline data collection and processing, leading to the absence of some crucial biomarkers such as CRP/albumin. Moreover, TNM stage, ECOG-PS, response evaluation, and later-line treatment after chemotherapy resistance should have been included as clinical variables. In addition, according to the NCCN guideline, chemoimmunotherapy is preferred as the first-line systemic therapy for patients with extensive-stage SCLC with an ECOG performance score of 0–2. Hence, studies involving a population undergoing novel treatment strategies are warranted. Finally, this was a retrospective study without independent external validation and, thus, inevitably involves considerable bias.





Conclusion

Common inflammatory or nutritional indices are only marginally useful in predicting outcomes in patients with SCLC receiving first-line chemotherapy. The aforementioned variables should be prudently used as adjuvant measurements in clinical practice. Among them, the LDH and PNI are relatively superior. The LDH and ALI are promising biomarkers to identify death and live patients at different time points.
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Variables
95% Cl P value 95% Cl P-value
Sex (male) 144 1.17-1.78 0.001 1.25 0.81-1.92 0.321
Age 1.01 1.00-1.02 0.117
Smoking (yes) 1.43 1.18-1.74 <0.001 1.22 0.82-1.81 0.329
Stage (LS) 0.56 0.46-0.69 <0.001 0.92 0.71-1.19 0.508
BMI 0.97 | 0.95-1.00 0.076 ‘
Pleura or pericardium metastasis (yes) 1.29 | 0.99-1.69 0.064
Brain metastasis (yes) 142 1.13-1.79 0.003 1.04 0.79-1.37 0.762
Bone metastasis (yes) 1.26 1.00-1.60 0.052
Liver metastasis (yes) 1.68 1.34-2.11 <0.001 1.14 0.88-1.49 0.322
Adrenal gland metastasis (yes) 1.26 0.97-1.64 0.081
Superior vena cava syndrome (yes) 1 1.44 [ 1.10-1.87 0.007 1.38 1.02-1.87 0.035
Pleural or pericardial effusion (yes) 1.50 1.07-2.11 0.019 0.97 0.66-1.43 0.878
CB with emphysema (yes) 1.49 1.17-1.90 0.001 112 0.85-1.48 0.401
Chronic viral hepatitis (yes) 0.83 0.60-1.16 0.284
Hypertension (yes) 0.87 0.68-1.10 0.247
Diabetes mellitus (yes) 1.05 0.79-1.40 0.726
Thoracic radiotherapy (TRT) (yes) 0.44 j 0.36-0.54 <0.001 0.58 0.45-0.75 <0.001
PCI (yes) 0.51 0.36-0.73 <0.001 0.64 0.44-0.94 0.021
EP vs. EC 1.07 0.81-1.42 0.617
LDH (low) 0.63 0.53-0.75 <0.001
NSE (low) 0.56 0.44-0.70 <0.001 0.75 0.58-0.96 0.022
CEA (low) 0.66 0.54-0.79 [ <0.001 0.72 0.58-0.88 0.002
NLR (low) 0.74 0.62-0.89 0.001 ‘
PLR (low) 0.76 0.64-0.91 0.003
LMR (low) 1.35 ‘ 1.13-1.62 0.001
Naples score (<2) 0.92 ‘ 0.77-1.10 0.345
ALI (low) 171 1.34-2.20 <0.001 | 1.28 0.96-1.72 0.091
PNI (low) 1.50 1.25-1.82 <0.001
GNRI (low) 141 1.18-1.69 <0.001
ScrCys (low) 1.32 1.05-1.65 0.018 127 0.98-1.65 0.071
CONUT score (<2) 0.80 0.67-0.97 0.022
AGR (low) 1.44 1.20-1.72 <0.001 125 1.02-1.54 0.033

LS, limited stage; BMI, body mass index; CB, chronic bronchitis; EP, etoposide + cisplatin; EC, etoposide + carboplatin; ScrCys, creatinine-cystatin C ratio; PCI, prophylactic cranial irradiation.
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Age (year), Mean (SD) 57.04 (9.51)
Sex, n (%)
Male 425 (75.9)
Female 135 (24.1)
Smoking, n (%)
Yes 395 (70.5)
No 165 (29.5)
BMI(Kg/m2), Mean (SD) 23.02 (3.18)
Stage, n (%)
Limited stage 181 (32.3)
Extensive stage 379 (67.7)
ALI, Median (IQR) 307.55 (208.04, 450.10)
PNI, Mean (SD) 48.29 (5.91)
GNRI, Median (IQR) 100.52 (95.27, 105.58)
ScrCys, Median (IQR) 73.66 (65.81, 83.37)
AGR, Median (IQR) 1.48 (1.28, 1.67)
NLR, Median (IQR) 3.01 (217, 4.14)
PLR, Median (IQR) 138.93 (98.04, 191.34)
LMR, Median (IQR) 3.45 (246, 4.61)
Naples score, n (%)
< 281 (50.2)
>2 279 (49.8)
CONUT score, n (%)
<2 378 (67.5)
>2 183 (32.7)
LDH (U/L), Median (IQR) 210 (173,275)
NSE (U/mL), Median (IQR) 44.92 (23.25,90.55)
CEA (ng/mL), Median (IQR) 3.62 (1.97,8.79)

NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; LMR, lymphocyte—
monocyte ratio; PNI, prognostic nutritional index; ALI, advanced lung cancer
inflammation index; GNRI, geriatric nutritional risk index; ScrCys, creatinine-cystatin C
ratio; CONUT score, controlling nutritional status score; AGR, albumin-globulin ratio; LDH,
lactic dehydrogenase; NSE, neuron-specific enolase; CEA, carcino embryonic antigen. SD,
standard deviation; IQR, interquartile range.
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