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A B S T R A C T   

Background: Combined, platinum-based thoracic chemoradiotherapy (TCR) is the current state-of-the-art treat-
ment for patients with limited disease (LD) small-cell lung cancer (SCLC). There is only limited data available 
regarding the effect of comorbidities on survival following TRC. The purpose of this study is to assess the age- 
adjusted Charlson comorbidity index (ACCI) as a predictor of overall survival in LD-SCLC patients undergoing 
TCR. 
Patients and methods: We retrospectively analyzed 367 SCLC patients diagnosed with LD-SCLC who received TCR 
between 2003 and 2017. We evaluated the ACCI (n = 348) as a predictor of overall survival (OS). In this cohort, 
322 patients (88%) received platinum-based TCR (either cisplatin or carboplatin), and 37 (10%) patients 
received vincristine based TCR. Median radiation dose was 60 Gy (range 24–66 Gy). Additionally, 83% of pa-
tients (n = 303) received prophylactic cranial irradiation (PCI, 30 Gy in 2 Gy fractions). Kaplan–Meier survival 
analysis was performed for OS. For comparison of survival curves, Log-rank (Mantel-Cox) test was used. Uni-
variate and multivariate Cox proportional-hazards ratios (HRs) were used to assess the influence of cofactors on 
OS. 
Results: Patients with an ACCI > 6 had a significantly shorter OS compared with patients with an ACCI ≤ 6 
(median 11 vs. 20 months; p = 0.005). Univariate analysis for OS revealed a statistically significant effect for 
ACCI > 6 (HR 1.7; 95% CI 1.2–2.4; p = 0.003), PCI (HR 0.5; 95% CI 0.3–0.7; p < 0.001), and Karnofsky per-
formance status ≤ 70% (KPS) (HR 1.4; 95% CI 1.1–1.90; p = 0.015). In multivariate analysis, OS was signifi-
cantly associated with PCI (HR 0.6; 95% CI 0.4–0.9; p = 0.022) and ACCI > 6 (HR 1.5; 95% CI 1.0–2.1; p =
0.049). 
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Conclusion: Comorbidity is significantly associated with survival in patients with LD-SCLC undergoing TCR. The 
ACCI may be a valuable tool to identify patients with a shorter survival and thus might be used for risk strati-
fication and oncological decision making.   

Introduction 

Small cell lung cancer (SCLC) is the most aggressive form of lung 
cancer and is characterized by a rapid doubling time and early dissem-
ination. The expectably favorable initial response to first-line thoracic 
chemoradiotherapy (TCR) is contrasted by its resistance to second-line 
treatments. The contemporary treatment for limited disease (LD)-SCLC 
patients includes cisplatin-etoposide chemotherapy in combination with 
radiation therapy (RT). Furthermore, prophylactic cranial irradiation 
(PCI) is offered to patients with response to first-line therapy [1]. SCLC is 
associated with tobacco exposure in the vast majority of SCLC patients 
[2]. There is some evidence that smoking-associated comorbidities may 
affect the prognosis of lung cancer and influence treatment decisions as 
patients with comorbidities are less likely to receive TCR [3]. The 
prognostic value of comorbidities in non-small-cell lung cancer (NSCLC) 
has been widely investigated [4–8] but the available data for LD-SCLC 
patients is limited and patients were often grouped with either NSCLC 
patients or extensive disease (ED) SCLC patients [9–12]. The Charlson 
age-adjusted comorbidity index (ACCI) [13] is a widely used scoring 
system for assessing comorbidities and has been validated in multiple 
disorders [14–18]. The primary objective of this study was to assess the 
ACCI as a predictor of survival in LD-SCLC patients undergoing TCR. 

Methods 

Patients and treatment features 

We identified 367 patients in our cancer center database with his-
tologically confirmed LD-SCLC according to the classification of the 
Veterans’ Affairs Administration Lung Cancer Study Group (VALG) [19] 
between 2003 and 2017 and received standard concurrent TCR as their 
first-line treatment. 

The ACCI is a widely accepted measure for risk adjustment in various 
diseases based on the modified Charlson Comorbidity Index Score (CCI) 
[10,14,17,20–22]. ACCI scores are calculated by the method previously 
reported by Charlson [13], with comorbidities being weighted and 
scored and additional points being added for age. Common conditions 
factoring into the ACCI include myocardial infarction, congestive heart 
failure, peripheral vascular disease, dementia, liver disease and dia-
betes. The index is age-adjusted with additional score points for every 
decade after 40 years. 

Thoracic RT was administered once daily (1 daily fraction of 2 Gy on 
5 consecutive days per week), concurrently with chemotherapy. Usu-
ally, the first cycle of chemotherapy was given before radiation start 
with the second following concurrently with RT. Patients with complete 
remission (CR) or partial response (PR) after initial therapy received 
prophylactic cranial irradiation (PCI). Response to first-line thoracic 
treatment was assessed via repeated CT imaging. 

In this cohort, 322 patients (88%) received platinum-based TCR 
(either cisplatin or carboplatin) and 37 (10%) patients received 
vincristine based TCR. Median radiation dose was 60 Gy (range 24–66 
Gy). Additionally, 83% of patients (n = 303) received prophylactic 
cranial irradiation (PCI, 30 Gy in 2 Gy single fractions). Detailed pa-
tients’ characteristics are shown in Table 1. ACCI was available for 348 
patients (95%). Clinical, operative-, and hospital-course records were 
reviewed to assess comorbidities and were suitable for analysis for 337 
patients (92%). Karnofsky performance status was retrospectively 
evaluated from the documentation up to 3 weeks before the start of TCR. 
All reviews were performed following institutional guidelines and the 
Declaration of Helsinki of 1975 in its most recent version. Ethics 

approval for the study was given from the local ethics committee 
(University Hospital Heidelberg). 

Outcome evaluation 

A statistical analysis was carried out using SigmaPlot™ (Systat 
Software GmbH, Germany) and RStudio (2022.02.3 + 492, packages 
“survminer”, “ggplot2”, “ggpubr”, “forester”). Univariate Cox 
proportional-hazards ratios (HRs) were used to assess the influence of 
cofactors on OS. For comparison of survival curves, the Log-rank 
(Mantel-Cox) test was used. OS was defined as the time from the first 
fraction of radiotherapy to death. Living patients were censored from 
survival analysis at last known contact. A p-value of < 0.05 was 
considered statistically significant. 

All patients were seen by a physician several times during TCR and at 
regular follow-up intervals. After treatment, surveillance was recom-
mended every 3 months during the first 2 years, starting with the first 
visit 4 – 8 weeks after completion of therapy. The visits included a 
detailed medical history, physical examination, and appropriate imag-
ing procedures. 

Results 

The median OS from the first day of RT was 18 months. Patients with 
an ACCI > 6 had a significantly shorter survival compared to patient 
with an ACCI ≤ 6 (median 11 vs. 20 months; p = 0.005) (Fig. 1). Patients 
with a KPS ≤ 70 had a significantly shorter survival compared with 
patients with a KPS > 70 (16 vs. 20 months, p = 0.017) (Fig. 2). 

Univariate analysis for OS revealed a statistically significant effect 
for ACCI > 6 (HR 1.70; 95% CI 1.2–2.4; p = 0.003), PCI (HR 0.5; 95% CI 
0.3–0.7; p < 0.001), and Karnofsky performance status ≤ 70% (KPS) 
(HR 1.4; 95% CI 1.1–1.9; p = 0.015). Age, dose of radiotherapy (>54 
Gy), response to initial chemotherapy, number of pack years and 
smoking was not associated with a significant effect on survival. Further, 
there was no significant association with survival for chronic obstructive 
pulmonary disease (COPD), type-2 diabetes, coronary artery disease 
(CAD) and hypertension when evaluated separately in univariate anal-
ysis (Fig. 3). 

In multivariate analysis, OS was positively associated with PCI (HR 
0.6; 95% CI 0.4–0.9; p = 0.022) and ACCI > 6 (HR 1.5; 95% CI 1.0–2.1; 
p = 0.049). KPS (≤70%) had no significant association with survival in 
multivariate analysis (Fig. 4). Since KPS and ACCI proved to be inde-
pendent parameters on multivariate analysis, a subgroup analysis was 
performed (Fig. 5). Plotted against the remaining cohort, patients with 
low ACCI and high KPS hat a median overall survival of 20 months 
(Fig. 5A), whereas high ACCI and high KPS had a significantly lower 
overall survival of 8 months than the remaining cohort (Fig. 5B). Uni-
variate analysis of the ACCI score showed a continuous trend for worse 
survival with higher scores with a statistical significance for scores 
greater 6 (Fig. 6). Comorbidities considered separately showed no sig-
nificant association with OS neither in univariate analysis nor when 
analysed by the Log-rank test (Fig. 3, Fig. 7). 

Discussion 

The negative effect of comorbidities in general and smoking-related 
comorbidities in particular on survival are well recognized in patients 
with lung cancer [3–6,8,23–29]. The presence of comorbidity is known 
to affect treatment decisions with elderly and multimorbid patients 
being less likely to receive standard treatment [12]. However, the effect 
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of comorbidity on the prognosis of patients with LD-SCLC has been 
elusive. In this study, we retrospectively analyzed clinical data of pa-
tients with LD-SCLC to evaluate the prognostic relevance of comorbid-
ities associated with survival. As a more manageable tool in a clinical 
setting, we assessed the value of the ACCI in estimating survival in pa-
tients with LD-SCLC. Patients with an ACCI > 6 had a significantly 
shorter survival compared with patients with an ACCI ≤ 6 indicating a 
subgroup of patients at high risk of early decline or death following TCR 
independent of KPS. In line with previous trials, our data suggests that 

age alone is not a prognostic factor for overall survival [12,29,30]. PCI 
was a strong prognostic factor in our cohort of patients who responded 
to TCR, potentially representing a selection bias since patients without 
therapy response or unfavorable health status may be overrepresented 
in the non-PCI cohort. 

In a smaller series of 73 LD-SCLC patients [11], four comorbidity 
scales were investigated for a potential impact on survival. Significant 
associations were found for the CCI [31] and MRC Breathlessness Scale 
[32], whereas for ACCI there was a trend towards statistical significance. 

Due to mutual risk factors, cardiovascular and metabolic comor-
bidities are common in SCLC patients with an increasing prevalence 
[9,33]. Hence, oncological treatment decisions need to be individual-
ized appropriately and patients at risk need careful monitoring of 
possible side effects of TCR, both requiring an attentive effort of coor-
dination among multiple disciplines. Using a variety of different scores, 
the prognostic significance of comorbidities and their effect on survival 
in SCLC has been investigated in previous studies without consistent 
results [9–12,30,34–36]. This inconsistency may have emerged from the 
wide application of the original CCI [31] which was developed in 1987. 
As the ACCI, the original version does not take into account the severity 
of the comorbidities such as COPD or CAD. In contrast to the CCI 
however, by scoring of age, the ACCI does factor in an interrelated pa-
tient attribute inherently associated with survival. Further explanations 
for previous inconsistencies may be based on small study cohorts and the 
combined analysis of ED and LD patients [35]. A Dutch population- 
based study indicated that the presence of cardiovascular morbidity, 
hypertension and diabetes in patients with LD-SCLC may exclude them 

Table 1 
Patient and treatment characteristics.  

Variable n ¼ 337 

Median Age in years (range) 64 (37–93) 
Median Karnofsky performance status % (range) 80 (50–100) 
Male:Female (n) 213:137 (61:39%) 
Median ACCI (range) 5 (2–9) 
Median number of pack years (range) 40 (0–200) 
Smoking (past and/or present) 328 (94%) 
Median Dose of thoracic radiotherapy (range) 60 (24–66) 
<45 Gy (n) 3 (<1%) 
45–50 Gy (n) 8 (2%) 
50–55 Gy (n) 68 (20%) 
55–60 Gy (n) 45 (13%) 
60–66 Gy (n) 213 (63%) 
Chronic obstructive pulmonary disease (n) 110 (31%) 
Coronary artery disease (n) 99 (28%) 
Type-2 diabetes (n) 48 (13%) 
Hypertension (n) 233 (66%)  

Fig. 1. Overall survival in patients with an age-adjusted Charlson comorbidity index (ACCI) > 6, compared to patients with an ACCI ≤ 6 (Kaplan-Meier’s estimation) 
(median 11 vs. 20 months; Log-Rank test p = 0.005). 
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from receiving combined chemoradiation. Challenging possible pre-
conceptions about the frailty of patients, our data does not support this 
exclusion from the standard of care based on particular comorbidities 
alone. A combination of multiple severe comorbidities in older patients 
might explain why the ACCI scoring procedure was a prognostic 

significance in the present cohort. Other studies have highlighted 
additional parameters such as inflammatory markers which may lead to 
the validation of composite predictors in the future [37]. 

Interestingly, age and comorbidities did not influence survival when 
analysed individually, suggesting that the investigated factors by 

Fig. 2. Overall survival in patients with a Karnofsky performance score (KPS) ≤ 70%, compared to patients with an KPS > 70% (Kaplan-Meier’s estimation) (16 vs. 
20 months, Log-Rank test p = 0.017). 

Fig. 3. Univariate proportional hazards regression analysis of cofactors associated with overall survival. CI = confidence interval, KPS = Karnofsky performance 
status, ACCI = Charlson age-adjusted comorbidity index, PR = partial remission, SD = stable disease, PCI = prophylactic cranial irradiation, COPD = chronic 
obstructive pulmonary disease, CAD = coronary artery disease, RT = radiotherapy. 
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themselves should not exclude standard concurrent TCR in LD-SCLC. 
Multimorbidity as represented by a higher ACCI seems to be more 
relevant in LD-SCLC. 

Our study has the inherent limitations of any retrospective approach. 
The presence of comorbidities (e.g. COPD and CAD) may be under-
reported. In addition, patients who did not receive combined TCR, due 
to either low performance status or contraindications regarding 
chemotherapy, were not analysed in this study which may present a 
selection bias. As patients were treated with a conventional daily 
radiotherapy, it is worth mentioning that hyperfractionated twice daily 
radiotherapy remains a favorable alternative. Furthermore, there is a 
possible bias regarding the use of PCI as we excluded patients who were 
rated unfit for TCR and therefore likely no candidates for PCI either. This 
might overestimate the OS benefit of PCI in our cohort. Regarding PCI 
dose, 25 Gy in 10 fractions rather than 30 Gy in 15 fractions is currently 
considered standard of care [38]. One major strength of the present 
study is the large study cohort as well as the homogenous treatment 

strategy in patients with LD-SCLC regarded suitable for TCR. Notably, 
neither the CCI nor the ACCI was designed for lung cancer patients and 
further investigations might be necessary to develop a validated, lung 
cancer-specific scale for comorbidities. 

Conclusion 

Multimorbidity as scored by the ACCI is negatively associated with 
survival in patients with LD-SCLC treated with combined TCR. Indi-
vidual comorbidities and age alone were not associated with a worse 
overall survival. The ACCI (>6) emerged as a relevant prognostic factor 
and indicates a subgroup of patients with significantly shorter survival. 
The ACCI may be an effective and easily manageable tool for clinicians 
to balance the risks of over- and undertreatment among LD-SCLC pa-
tients with significant comorbidities. Further prospective studies should 
validate the use of ACCI for treatment stratification. 

Fig. 4. Multivariate proportional hazards regression analysis of cofactors associated with overall survival. CI = confidence interval, KPS = Karnofsky performance 
status, ACCI = Charlson age-adjusted comorbidity index. 

Fig. 5. Subgroup analysis of overall survival depending on Karnofsky performance score (KPS) and Charlson age-adjusted comorbidity index (ACCI). A KPS > 70% 
with ACCI ≤ 6 vs. the remaining cohort (Kaplan-Meier’s estimation) (15 vs. 20 months, Log-Rank test p < 0.001). B KPS > 70% with high ACCI > 6 (Kaplan-Meier’s 
estimation) (8 vs. 19 months, Log-Rank test p < 0.001). 

Fig. 6. Univariate proportional hazards regression analysis of individual ACCI groups associated with overall survival. CI = confidence interval, ACCI = Charlson 
age-adjusted comorbidity index. 
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