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Background

Qi et al. recently proposed a nomogram to reveal the prognostic value of peripheral blood inflammatory indexes (named Risk) and predict overall survival (OS) in limited-stage small cell lung cancer (LS-SCLC). However, it hasn’t undergone external application so far. This study aimed to verify the role of Risk as a prognostic variable of OS and apply the nomogram externally.



Methods

We used a retrospective analysis of clinical data of 254 patients diagnosed as LS-SCLC in Shanxi Cancer Hospital from January 2015 to December 2018 to apply Qi’s nomogram externally. We also performed subgroup analysis to explore the predictive value of Risk. The model was evaluated in terms of discrimination (the area under the ROC curve (AUC ROC) and calibration (calibration plots).



Results

The prognosis of patients with low-Risk was significantly better than those with high-Risk in our cohort (p<0.01). The AUC of 1-, 2-, and 3-year OS was 0.644, 0.666, and 0.635, respectively. The calibration curve showed a nearly ideal calibration-slope of 1-, 2-, and 3-year OS (1.00 (0.41-1.59), 1.00 (0.54-1.46) and 1.00 (0.43-1.57), respectively).



Conclusion

The external application of nomogram added Risk for predicting OS in LS-SCLC patients showed a moderate-to-good performance using a cohort with different case-mix characteristics. The external application confirmed the predictive value of Risk and the usefulness of the nomogram for the prediction of OS.
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Introduction

Lung cancer remains the leading cause of cancer mortality in China and worldwide (1, 2). Small cell lung cancer (SCLC), accounting for approximately 15% of all lung cancer, has a poor prognosis because of its very aggressive clinical course and early metastasis. Limited stage small cell lung cancer (LS-SCLC) makes up almost 40%, with a median overall survival (OS) of 20 months (3, 4). The early accurate prediction of patients’ prognoses is significant for making the most favorable treatment decisions. At present, the standard treatment for LS-SCLC is the combination of chemotherapy, thoracic radiotherapy, and prophylactic cranial irradiation (PCI) (3). Although immunotherapy has become the new standard of first-line treatment for extensive-stage SCLC (ES-SCLC), the additional benefit for LS-SCLC is not clear (3–5).

For years, cumulative studies have confirmed the predictive role of clinical variables on prognosis, remarkably immune and inflammatory response, which has been considered one of the main prognostic predictors in several solid tumors (6–9). Recently Qi et al. proposed a nomogram to estimate the additional benefit of Risk, an inflammation-related prognostic scoring system, in predicting prognosis for LS-SCLC (10). They found lower pretreatment neutrophil-to-lymphocyte ratio (NLR) and systemic inflammation index (SII) were significantly associated with better prognosis. In contrast, lower baseline platelet counts, lymphocyte counts, and albumin were indicators of worse OS. Further, they formulated Risk based on the optimal inflammation indexes by the LASSO-Cox model and grouped patients into low-Risk and high-Risk with “0” as a cutoff value. Compared with high-Risk, patients with low-Risk tend to have a longer survival time, with a median OS of 36.5 and 17.7 months (P < 0.001). Add Risk to nomogram, a remarkable improvement in predictive accuracy was observed compared with clinical factors alone. The Qi’s study showed that systemic inflammation index was a routine, low-cost, and readily available serum biomarker indicating poor prognosis, and the nomogram containing Risk could achieve a better prognosis prediction of LS-SCLC. However, it has not been externally applied so far.

This study aimed to perform an external application of Qi’s prediction model, verify the predictive value of Risk, and evaluate the nomogram’s applicability in a single center with different case-mix characteristics.



Materials and Methods


Patient Population

This retrospective observational external application cohort study was carried out in patients pathologically diagnosed as SCLC in Shanxi Cancer Hospital from January 2015 to December 2018. Inclusion criteria were similar to the original study (10). All patients have been reassessed as LS-SCLC by the Veterans Administration Lung Study Group (VALG) staging standard (2017 NCCN guidelines), and all patients received concurrent or sequential chemoradiotherapy. The cases analyzed in the study were complete, and we didn’t use padding techniques to deal with the missing data. We reviewed clinical data, treatment records, and follow-up through the electronic medical record system or by contacting the patients directly. The last follow-up ended on August 20, 2020. This study received ethical approval from the Ethics committee of Shanxi Provincial Cancer hospital (No. 202102). As this was a retrospective study and all information related to the patient’s identity was hidden, the Ethics Committee waived informed consent. This study follows the ethical criteria of the Declaration of Helsinki.



Data Collection

The inflammatory variables included in Risk and relevant clinicopathological characteristics in the nomogram were collected. The calculation formulas of platelet-to-lymphocyte ratio (PLR), NLR, and SII were the same as those in the original study (10). The nomogram estimated the predicted probability of 1-, 2-, and 3-year OS rates by calculating the total points for each patient. The observed 1-, 2-, and 3-year OS rates were derived from follow-up data in our study cohort.



Statistical Analyses

Baseline characteristics in Qi’s and external application cohorts were described as counts (n) and percentages and compared using the Chi-square test. A P-value of <0.05 was considered statistically significant. Replicate codes in the original study to construct Risk. The cutoff values of inflammatory variables were determined by the package “maxstat” of R software based on OS. The selection of optimal prognostic factors was performed by the package “glmnet” of R software. The multicollinearity among variables was assessed by variance inflation factors (VIFs). A cutoff value was adopted to dichotomize the total cohort into high-Risk and low-Risk groups. Differences in OS between Risk groups were estimated in the subgroup analysis. A P < 0.05 indicated statistical significant.

The total score for each patient was calculated based on the weight of each factor in the original nomogram and was used to depict the receiver-operating characteristics (ROC) curves. The Discrimination of the nomogram was evaluated by Harrell’s concordance index (C-index) or the area under the receiver-operating characteristics (AUROC) curves. The value of AUC ranged from 0.5 (random chance) to 1.0 (perfect discrimination), and higher AUC indicated higher prediction accuracy. Then the calibration curve was plotted to visually assess the calibration of the nomogram by comparing the predicted survival probabilities with the observed survival probabilities. A close to 45-degree calibration indicated a perfect prediction model.

All statistical analyses in this article were performed using R statistical software (version 3.6.3).




Results


Characteristics of Patients

This study included 254 LS-SCLC patients based on the inclusion and exclusion criteria. The median values of platelet, lymphocyte, albumin, NLR, PLR, and SII were 264 × 109/L (range = 41-717 ×109/L), 1.77× 109/L (range = 0.59-4.02 × 109/L), 42.5 × 109g/L (range = 30-51.9 × 109g/L), 2.52 (range = 0.7-22.68),159.99 (range = 18.14-590.16), and 686.49 (range = 57.69-8074.23), respectively. The median age was 60 years (range 28-76 years). The median follow-up time was 20.57 months, far less than the time in the original study (55.9 months). One hundred fifty-six deaths (61.4% of the 254 totals) had been observed during follow-up, similar to the original cohort (60.8%). The median OS was 22.2 months, less than the Qi’s cohort (25.7). The 1-, 2-, 3-year OS rates were 76.1%, 45.6% and 36.2%, respectively. Table 1 shows the baseline characteristics of LS-SCLC patients in Qi’s and external application cohort. Compared with Qi’s cohort, patients in the external application cohort showed a higher proportion of males (82.7% vs. 72.8%, P=0.005) and smokers (77.2% vs. 69.5%, P=0.038). The percentages of both the T and N stages also had statistical differences(P<0.001). Overall, our patients tend to have more advanced T and N stages. The treatment methods varied the most. Our patients received less PCI (21.7% vs. 38.6%, P<0.001) and significantly more sequential chemoradiotherapy (73.2% vs. 19.8%, P<0.001) than Qi’s cohort.


Table 1 | Baseline characteristics of the external application and Qi’s cohorts.





Construction of Risk

Due to the different laboratory instruments used in the two hospitals, the range of reference values may be different. Varying the optimal cutoff value of each inflammatory variable is required. We copied the methods in the original article to determine the optimal cutoff values of these inflammatory markers, as shown in Table 2. We incorporated these variables into a least absolute shrinkage and selection operator (LASSO)-Cox regression model to define Risk’s prognostic scoring system (Figure 1). Risk = -0.5548*Platelet + 0.5171*Lymphocyte –0.2172*Albumin + 0.0715*NLR -0.2019*PLR +0.5411*SII. Consistent with the original article, all VIF values <5 (Table 3) indicate no collinearity among these variables. Using the cutoff value of 0.098 identified by Maxstat, we classified patients as low-Risk and high-Risk groups. The baseline characteristics in low-Risk and high-Risk were similar(all P>0.05), as shown in Table 4.


Table 2 | The cutoff value of inflammation-related factors in external application cohorts.






Figure 1 | Construction of the Risk by the least absolute shrinkage and selection operator (LASSO) model in the application cohort.




Table 3 | VIF of inflammation-related factors in external application cohorts.




Table 4 | Baseline characteristics of low-risk group and high-risk group.





Application of Risk

Compared with the high-Risk group, patients in the low-Risk group had significantly better prognoses. The low-Risk group had a 1-, 2- and 3-year OS of 82.0%, 51.9%, and 40.6%, while the high-Risk group had a 1-,2-,3- year OS of 55.4%, 23.9%, and 20.5%, respectively. Within the study period, a total of 156 deaths occurred, 111(59.4%) in the low-Risk group and 45(78.9%) in the high-Risk group. The subgroup analysis confirmed the good prognostic capacity of Risk (Figure 2). The forest plot showed each subgroup’s OS and HRs of low-Risk vs. high-Risk. The high-Risk group remained associated with poor prognosis in most subgroups except female and no-smoking, with the HRs ranging from 1.717 to 4.175(all P<0.05).




Figure 2 | Forest plot depicting the hazard ratios (HRs) of low-Risk and high-Risk in the subgroup analysis of overall survival (OS). ECOG, Eastern Cooperative Oncology Group performance score; CT cycles, chemotherapy cycles; PCI, prophylactic cranial irradiation.





Application of Nomogram

We assessed the predictive performance of the nomogram in terms of discrimination and calibration. ROC-curve analysis showed that the AUCs of 1-, 2-, and 3-year OS rates were 0.644, 0.666, and 0.635 (Figure 3). We constructed a calibration plot based on the observed probability of a 1-, 2-, and 3-year OS against the predicted 1-, 2-, and 3-year OS from the nomogram. In calibration curve analyses, the nomogram showed a nearly ideal curve for the 1-, 2-, and 3-year OS of LS-SCLC patients, with a slope of 1.00 (0.41-1.59), 1.00 (0.54-1.46), and 1.00 (0.43-1.57), respectively (Figure 4).




Figure 3 | The area under the receiver operating characteristic (ROC) curve (AUC) of the nomogram to predict 1-, 2-, and 3-year overall survival (OS) for small cell lung cancer (SCLC) patients.






Figure 4 | The calibration curve of the nomogram for predicting SCLC patients’ 1-, 2-, and 3- year survival probability.






Discussion

In this study, we have conducted an external application of the Qi’s nomogram to verify the predictive value of Risk and assess the nomogram’s broad applicability. The results showed that Risk could be used as an independent predictor to distinguish prognosis in LS-SCLC patients. The nomogram showed a moderate-to-good performance in another hospital center with different inpatient characteristics.

Several studies have highlighted the value of system immune-inflammation and nutritional parameters in the prognosis prediction for SCLC patients (6, 11–13). Qi et al. formulated a prognostic scoring system called Risk by integrating multiple inflammatory factors, which could more genuinely reflect the complex immune state of the human body compared to a single factor (10). However, due to the different laboratory instruments and reference values applied in the two hospitals, it’s inappropriate to copy the formula in the original article. In this study, we recalculated the cutoff value of PLT, LYM, NLR, PLR, ALB, SII, and reconstructed a Risk using the original methods. The results concluded that the Risk allows distinguishing two groups of patients with different OS, independently from other known prognostic factors, using a threshold of 0.098. The forest plot showed Risk remained a strong predictor of survival in almost all subgroups. The differences in the female and no-smoking subgroups were not statistically significant, which may be due to the small sample size. Following the initial results, Risk was a negative prognostic indicator, and high Risk was associated with an unfavorable prognosis in our cohort.

We found significant differences in clinicopathological features and treatment methods when comparing the baseline characteristics between the external application cohort and the Qi’s cohort. The median OS of patients in our study was shorter than that described in the Qi cohort (22.2 vs. 25.7month). The proportion of receiving PCI in our cohort was significantly lower than that in Qi’s cohort. Treatment choices in the two centers varied dramatically, with almost the opposite ratio. There were also between-group differences in other variables, such as gender, smoke, T stage, and N stage. Various factors, including the economic level, medical resources, public health policies, social habits, and environmental risks, may cause the differences. However, this is the inherent character of real-world population data.

A great deal of research is being devoted to developing new prediction models (12, 14, 15), and external application is lacking. Even if a model is well performed in the developing cohort, its performance deteriorates when applied to a different population, partly because of the potential overfitting and the shift of patient distribution (demographics, clinicopathological characteristics, treatment methods) (16, 17). Inappropriate clinical treatment decisions might be made based on an inaccurate or incorrect prediction model. Independent external application is therefore essential to mitigate institutional bias and ensure the accuracy and reliability of the prediction model before clinical use. Suppose we could further extend the model’s excellent performance to a new cohort from a different center. In that case, the application value of the model in the real world will be significant.

Data obtained in our study indicate a moderate-to-good predictive ability despite the differences mentioned earlier between cohorts of patients. Due to the short follow-up time (20.6months), we evaluated the performance of the nomogram by predicting 1-, 2-, and 3-year OS rates, rather than 1-, 3-, and 5-year OS rates in the original study. We assessed the predictive ability in terms of discrimination and calibration. The discrimination ability of the nomogram in the external application cohort, as measured by the AUC, showed a slight decrease compared to that in the original study. The AUC values of 1-, 2-, and 3-year OS rates were 0.644, 0.666, and 0.635 in our cohort, and the AUC values of 1-, 3-, and 5-year OS rates were 0.717, 0.735, and 0.719 in the original cohort. It’s not surprising that we observed a performance decline in this study. Compared to the original cohort, significantly different baseline characteristics and treatment methods of the external application cohort would affect the nomogram’s discriminative performance. Patients in our cohort were more often male, smokers, and had more advanced T and N stages. Our patients received less PCI and more sequential chemoradiotherapy. One controversy in the original nomogram was that sequential chemoradiotherapy was a favorable factor in the prognosis of patients. However, in our study, it was associated with poor OS. Yet now, the additional benefit of sequential chemoradiotherapy remains unclear for LS-SCLC patients. The above reasons may cause the reduced discrimination of the nomogram in our cohort. Though the discrimination of the nomogram is a little lower than that in the original study, it still had a good predictive ability. The calibration plot of the nomogram in the external application cohort showed a good correlation between the prediction and actual observation for 1-, 2-, and 3-year OS rates, with a calibration slope and intercept of 1.00 and 0.

The nomogram is easily implemented in clinical practice to estimate individualized risk by entering three factors: PCI (Yes, No), Treatment (sequential chemoradiotherapy, concurrent chemoradiotherapy), and Risk (high, low). Our external application study results indicated the nomogram could achieve modest discrimination and ideal calibration. It may be a readily valuable tool to predict LS-SCLC prognosis.

A major limitation in this study was that the median follow-up time in our cohort was 20.6 months, shorter than the 55.9 months in the original cohort. So we did not analyze the 5-year OS prediction due to data limitations. Secondly, the strict selection criteria limited the external application cohort. Last, this was a single-center retrospective study; more external application from other centers with diverse inpatients is needed to assess the applicability of nomograms in the real world.



Conclusion

The nomogram proposed by Qi et al. was successfully applied in a different population, as it showed clinical meaningful discrimination and accuracy. The Risk could be a strong serum marker in the prognosis prediction of LS-SCLC. Further application in other centers is needed to test the clinical utility of the nomogram.
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Male 210 (82.7) 243 (72.8)

age 0.614
<65 187 (73.6) 252 (75.4)
>=65 67 (26.4) 82 (24.6)

smoke 0.038
No 58 (22.8) 102 (30.5)
Yes 196 (77.2) 232 (69.5)

KPS 0918
<80 38 (15.0) 51(16.3)
>=80 216 (85.0) 283 (84.7)

T stage < 0.001
1 28 (11.0) 40 (12
2 79 (31.1) 122 (36.5)
3 46 (18.1) 102 (30.5)
4 101 (39.8) 70 (21)

N stage < 0.001
0 33(13.0) 32 (9.6)
1 10 3.9) 34 (10.2)
2 114 (44.9) 194 (58.1)
3 97 (38.2) 74 (22.2)

PCI <0.001
No 199 (78.3) 205 (61.4)
Yes 55 (21.7) 129 (38.6)

treatment < 0.001
Concurrent 68 (26.8) 268 (80.2)
Sequential 186 (73.2) 66 (19.8)

KPS, Kamofsky Performance Score; PCl, prophylactic cranial irradiation.
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