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A B S T R A C T

Background: : Non-small cell lung cancer (NSCLC) is a major cause of cancer mortality, especially in older adults. 
While comprehensive patient assessment is crucial, the optimal combination of prognostic tools beyond the 
standard WHO Score is unclear. This study compared the prognostic value of WHO Score, Charlson Comorbidity 
Index (CCI), and Clinical Frailty Scale (CFS) in Finnish NSCLC patients.
Materials and Methods: : This retrospective multicenter study included 395 NSCLC patients diagnosed in 2018 
across five Finnish hospitals. Data on WHO Score, CCI, and CFS were collected (CFS data being available for 
approximately one-third-of the patients). Treatment allocation associations were analyzed using logistic 
regression. Survival outcomes (OS and DSS) were assessed using Kaplan-Meier and Cox regression models.
Results: WHO Score was the primary predictor for OS and DSS in the main cohort but failed to predict survival in 
surgically treated patients. In the CFS subgroup (N = 117), CFS was a stronger predictor of treatment allocation 
than WHO Score (OR=2.57 for non-active treatment per point increase). While CFS was associated with survival, 
its independent prognostic value was not definitively established. CCI demonstrated limited additional prog
nostic value.
Conclusions: : WHO Score remains a robust prognostic indicator for survival in NSCLC. CFS shows significant 
potential in reflecting treatment decisions related to frailty, capturing risks not fully addressed by WHO Score. 
CCI offered minimal additive prognostic information. While WHO Score is fundamental, incorporating CFS en
hances frail patient assessment, though its independent survival prediction value warrants further study.

Abbreviations: LC, Lung cancer; WHO, World Health Organization; NSCLC, Non-small cell lung cancer; PS, Performance status; BSC, Best supportive care; OS, 
Overall survival; HR, Hazard ratio; EBUS, Endobronchial ultrasound; CCI, Charlson comorbidity index; AACCI, Age-adjusted Charlson comorbidity index; CFS, 
Clinical frailty scale; SBRT, Stereotactic body radiotherapy; LRT, Likelihood ratio test; AIC, Akaike information criterion; BIC, Bayesian information criterion; OR, 
Odds ratio; VATS, Video-assisted thoracoscopic surgery.
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Background

Lung cancer remains one of the most commonly diagnosed cancers 
worldwide and the leading cause of cancer death [1,2]. The pattern is 
similar in Finland, with ~3000 new cases and ~2400 deaths in 2022 [3,
4]. We focus on non-small-cell lung cancer (NSCLC), which accounts for 
~80% of cases—mainly adenocarcinoma and squamous cell carcinoma 
[3].

Most patients are older (9% aged <60 years; 64% aged ≥70 years in 
Finland) [3] and often have substantial comorbidity and tobacco-related 
illness [5–7], complicating diagnostics and treatment. Assessing patient 
fitness is therefore central to treatment selection. The World Health 
Organization (WHO) Performance Status (“WHO Score”) is the standard 
functional measure guiding decisions from curative intent to palliation.

Because the WHO Score may not fully capture multimorbidity or 
frailty, complementary tools are used. The Charlson Comorbidity Index 
(CCI) assigns weighted points to specific chronic conditions (e.g., 
myocardial infarction, heart failure, cerebrovascular disease, chronic 
pulmonary disease, diabetes, renal or liver disease) and sums them into a 
score starting at 0, where higher scores indicate increasing comorbidity 
burden and mortality risk, and its age-adjusted version (AACCI) addi
tionally incorporates age [8–12], and the Clinical Frailty Scale (CFS) 
gauges frailty, particularly in older adults [13]. In this retrospective 
real-world study we evaluated the prognostic value of WHO Score, CCI 
and CFS on treatment allocation and survival in Finnish NSCLC patients 
and whether combining these prognostic tools brings additional value 
compared to using WHO Score alone to support clinical 
decision-making.

Materials and methods

We retrospectively analyzed 395 patients diagnosed with NSCLC in 
2018 at five Finnish hospitals (Kuopio University Hospital, Tampere 
University Hospital, Oulu University Hospital, Mikkeli Central Hospital, 
and North Karelia Central Hospital). Together, these institutions offered 
a patient sample considered representative of typical clinical practice in 
Finland. Inclusion: age ≥18 and histo/cytological confirmation; staging 
by CT.

Tissue from primary tumors, nodes, or metastases was obtained by 
bronchoscopy/endobronchial ultrasound (EBUS), CT-guided biopsy, 
video-assisted thoracoscopic surgery (VATS), or thoracotomy; pleural 
effusions were assessed cytologically when indicated. Staging used TNM 
8th edition; PET-CT and EBUS were used as clinically warranted. Sur
gical cases were pathologically staged.

Procedures complied with Finnish legislation, institutional ethics, 
and the Declaration of Helsinki. Data use was authorized by Findata 
(permit number THL/1257, issued March 2022); given the retrospective 
design, informed consent was waived.

Patient and treatment characteristics

Patient characteristics were retrieved from hospital records, 
including age, sex, and relevant medical history. Smoking status was 
classified as current smoker, ex-smoker, or never-smoker. Clinical 
assessment was performed retrospectively based on documentation in 
medical records using the WHO Score, CCI, Age-Adjusted Charlson Co
morbidity Index (AACCI), and CFS. The WHO Score categorizes patients 
based on their ability to carry out daily activities, while the CCI quan
tifies comorbidity burden based on chronic diseases, such as diabetes, 
cardiovascular, hepatic, and renal diseases. AACCI was calculated by 
incorporating age-related weighting into the standard CCI scoring sys
tem. The CFS was utilized to assess the overall fitness or frailty level in 
older patients (≥65 years), ranging from 1 (very fit) to 9 (terminally ill). 
CFS categories 1–4 indicate patients classified as non-frail, with minimal 
or no functional limitations, whereas scores of 5–9 represent varying 
degrees of frailty, including dependence in daily activities and 

significant vulnerability.
First-line treatments were categorized as surgery, curative-intent 

radiotherapy (including high-dose stereotactic body radiotherapy 
[SBRT], conventional radical radiotherapy or chemoradiotherapy), 
palliative radiotherapy, systemic therapy (including chemotherapy, 
targeted drug therapy, immunotherapy) or best supportive care (BSC). 
For certain analyses, patients receiving surgery, curative-intent radio
therapy, or systemic therapy were also grouped together into an 'Active 
Treatment' category. BSC (excluding palliative radiotherapy) was 
defined as supportive treatments aimed at symptom management and 
quality of life enhancement without the intent to use anticancer thera
pies. Palliative radiotherapy was delivered either as single high-dose 
fractions or multiple lower-dose fractions typically over a period of 
two weeks or less. Non-active treatment included both BSC and pallia
tive radiotherapy.

Survival status and cause of death came from hospital records and 
the National Death Registry (data retrieved Oct 2021–Jun 2022). Out
comes were treatment allocation, overall survival (OS), and disease- 
specific survival (DSS). OS was measured from diagnosis to last 
follow-up/death. Cause-of-death data were available to Dec 31, 2020; 
DSS analyses were therefore truncated at 24 months.

Statistical analysis

IBM SPSS v29 and R/RStudio were used for the analyses. For the 
comparison of treatment characteristics, chi-square tests were employed 
for categorical data; this included goodness-of-fit analyses to determine 
if observed data distributions differed from anticipated population dis
tributions. In instances where sample sizes were below 50, Fisher’s exact 
test was utilized. Two-way ANOVA was the method for comparing 
continuous variables, contingent upon confirmation of normal distri
bution and variance homogeneity. To enhance statistical reliability 
when expected frequencies in goodness-of-fit tests were minimal, Monte 
Carlo simulations involving 10,000 iterations were executed. The 
Kruskal-Wallis rank sum test was chosen for comparing continuous 
variables among several groups if the prerequisites for normality or 
homogeneity of variance were not satisfied. A p-value of <0.05 was 
considered indicative of statistical significance. OS and DSS were eval
uated through Cox regression and Kaplan-Meier (KM) survival analyses 
and median survival times were presented as dashed lines and their 
corresponding time points. Both OS and DSS were measured from the 
date of diagnosis until death from any cause or the final follow-up 
contact. Survival rates at one and two years were determined for the 
entire cohort. Differences between survival curves were assessed for 
statistical significance using the log-rank test. Hazard ratios (HR) for 
factors associated with survival were estimated using univariate and 
multivariate Cox proportional hazards regression. The proportional 
hazards assumption for Cox regression models was assessed by exam
ining the Schoenfeld residuals to ensure that the hazard ratio between 
groups remained constant over time. A p-value of <0.05 from this test 
was considered indicative of a violation of the assumption. Odds ratios 
(OR) were estimated for predictors of binary treatment allocation out
comes (e.g., non-active vs. active treatment) using logistic regression. In 
compliance with Finnish legal regulations, data on groups containing 
fewer than five patients could not be explicitly reported. Consequently, 
such cases were classified as “fewer than five,” and the corresponding 
percentages were adjusted accordingly.

CCI, AACCI and CFS were utilized as discrete numeric variables for 
regression modelling, while for both the chi-squared and log-rank tests 
CCI and AACCI were split into four categories and CFS into two cate
gories. These categories were selected by utilizing those commonly seen 
in literature [14,15], although categorization varied significantly in 
publications. AACCI’s categorization was adjusted according to the age 
distribution of the cohort.

Multivariable model selection for both treatment allocation (logistic 
regression) and survival prediction (Cox regression) followed the same 
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systematic approach. Models were built sequentially with increasing 
complexity following nested-model logic, starting from null models 
(intercept only). Univariate models including the primary clinical scores 
(WHO Score, CCI, or CFS where available) were fitted, followed by 
models incorporating additional variables (such as WHO Score, CFS, and 
CCI in various combinations). Additional patient characteristics (such as 
age or stage) were not included in these specific models to focus on the 
direct comparison of the scoring systems and to avoid overfitting. To 
handle missing data for the CFS and facilitate comparisons, the dataset 
was analysed in two groups: Group A included patients with available 
data for both WHO Score and CCI, while Group B was restricted to pa
tients with available data for WHO Score, CCI, and CFS. Within Group B, 
logistic regression models were fitted to evaluate predictors of (I) non- 
active versus active treatment allocation and (II) surgical versus non- 
surgical treatment allocation. This approach was necessary as WHO 
Score and CCI data were available for nearly all patients, whereas CFS 
data were available for only approximately one-third of the cohort. This 
sequential model building strategy was applied within both Analysis A 
and Analysis B, for both logistic and Cox regression models as appro
priate. The slight variation in numbers in each group reflects minor 
differences in missing data across specific analyses relating to treatment 
regimens.

Nested models were compared using the Likelihood Ratio Test (LRT), 
with variables retained or added if the test yielded p < 0.05. In addition 
to LRT, the Akaike Information Criterion (AIC) and Bayesian Informa
tion Criterion (BIC) were calculated for competing models to aid model 
selection, particularly when LRT results were borderline or when 
assessing parsimony. Lower AIC/BIC values indicate a better balance 
between model fit and complexity. In cases with conflicting criteria or 
for illustrative purposes (as detailed in the Results), AIC and BIC values 
are presented for key competing models alongside the selected final 
models.

Results

Patient characteristics

The baseline characteristics of the study population are presented in 
Table 1. A total of 395 patients diagnosed with NSCLC were included. Of 
these, 67% were male and 33% female. The median age at diagnosis was 
71 years (IQR 65–77).

The most common WHO Score was 1 (41%), followed by 0 (32%) and 
2 (17%). Regarding comorbidity burden without age-adjustment, the 
most frequent CCI score was ≥3 (34.1%). After age-adjustment, the 
score distribution shifted towards higher values.

The CFS assessment was performed for 40% (n = 122) of the patients 
aged 65 or older (n = 307). When dichotomized, 53% were classified as 
non-frail (CFS 1–4) and 47% as frail (CFS 5–9).

Regarding clinical TNM staging (cTNM), the majority of patients 
were diagnosed at an advanced stage: 46% at stage IV and 25% at stage 
III. Stage I and II disease accounted for 20% and 9% of patients, 
respectively.

Correlation between clinical scoring systems

A statistically significant, albeit weak, positive monotonic associa
tion was found between WHO Score and CCI score (Spearman's 
rho=0.20, p < 0.001). Boxplots indicated only marginally higher me
dian CCI scores in poorer WHO Score categories, with considerable 
overlap in distributions (Fig. 1A).

In contrast, a strong, positive monotonic association was observed 
between WHO Score and CFS score (Spearman's rho=0.64, p < 0.001). A 
clear stepwise increase in median CFS scores was noted as WHO Score 
worsened (Fig. 1B).

Finally, CCI and CFS presented a relatively modest monotonic rela
tionship overall (Spearman's rho=0.31, p < 0.001). (Fig. 1C).

Distribution of clinical scores by treatment modalities

The distribution of clinical scores across first-line treatment modal
ities are shown in Table 2.

Significant differences (p < 0.001) were observed in the distribution 
of WHO Score categories across the five treatment groups. Specifically, 
patients undergoing surgery, curative radiotherapy, or systemic therapy 
predominantly had good performance status, with proportions of WHO 
Score 0–1 being 94%, 86%, and 84%, respectively. In contrast, scores 
were more varied among patients receiving palliative radiotherapy or 
BSC. For instance, in the best supportive care group, scores predomi
nantly fell within the WHO 2–3 range (48.7%). In the palliative radio
therapy group, 41.1% of patients were in the range of WHO 2–3, 
although WHO score 1 was most frequent (43.8%).

CCI scores also differed significantly between treatment modalities 
(p = 0.023). Both palliative radiotherapy and BSC groups showed a clear 
trend towards higher comorbidity, with 49% of patients in the former 
group and 40% in the latter having comorbidity scores of 3 or higher. 
For surgically treated patients, the distribution across the CCI categories 
was relatively even. In the curative radiotherapy group, the distribution 
peaked at CCI scores of 1 and ≥3 Among systemic therapy patients, the 
distribution was weighted towards scores 0 and ≥3.

When using the AACCI, categorized into scores of ≤2, 3, 4, and ≥5, 
the overall difference between treatment modalities was statistically 
significant (p = 0.026). However, the score distribution closely mirrored 
that of the unadjusted CCI, due to the relatively high age at diagnosis. 
Consequently, AACCI was excluded from subsequent regression analyses 
in favor of the original CCI.

Finally, CFS scores also showed a statistically significant difference 

Table 1 
Patient baseline characteristics.

Variable N

Sex 395 ​
Male ​ 264 / 395 (66.8%)
Female ​ 131 / 395 (33.2%)

Age at Diagnosis ​ ​
Median (IQR) 395 71 (65, 77)
WHO Score 386 ​

WHO 0 ​ 125 / 386 (32.4%)
WHO 1 ​ 159 / 386 (41.2%)
WHO 2 ​ 65 / 386 (16.8%)
WHO 3 ​ 31 / 386 (8.0%)
WHO 4 ​ 6 / 386 (1.6%)

CCI Score 390 ​
0 ​ 88 / 390 (22.6%)
1 ​ 96 / 390 (24.6%)
2 ​ 73 / 390 (18.7%)
≥3 ​ 133 / 390 (34.1%)

Age-Adjusted CCI Score 390 ​
≤2 ​ 88 / 390 (22.6%)
3 ​ 98 / 390 (25.1%)
4 ​ 71 / 390 (18.2%)
≥5 ​ 133 / 390 (34.1%)

Clinical Frailty Scale 122 ​
1–4 ​ 65 / 122 (53.3%)
5–9 ​ 57 / 122 (46.7%)

Smoking Status 379 ​
Current Smoker ​ 139 / 379 (36.7%)
Ex-Smoker ​ 184 / 379 (48.5%)
Never-Smoker ​ 56 / 379 (14.8%)

cTNM Stage 390 ​
I ​ 78 / 390 (20.0%)
II ​ 35 / 390 (9.0%)
III ​ 99 / 390 (25.4%)
IV ​ 178 / 390 (45.6%)

Histology 391 ​
Adenocarcinoma ​ 213 / 391 (54.5%)
Squamous cell carcinoma ​ 142 / 391 (36.3%)
Other ​ 36 / 391 (9.2%)

n / N (%).
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Fig. 1. Association between clinical scores. (A) Charlson Comorbidity Index (CCI) by WHO Score. (B) Clinical Frailty Scale (CFS) by WHO Score. (C) CFS vs. CCI with 
fitted line (Spearman’s ρ shown in panels).

Table 2 
The distribution of clinical scores across first-line treatment modalities.

Variable N Surgery N =
851

Curative Intent Radiotherapy N =
561

Palliative radiotherapy N =
741

Systemic therapy N =
1001

BSC N = 771 p- 
value2

WHO Score 383 ​ ​ ​ ​ ​ <0.001
WHO 0 ​ 53 / 84 

(63.1%)
19 / 51 (37.3%) 10 / 73 (13.7%) 34 / 99 (34.3%) 8 / 76 (10.5%) ​

WHO 1 ​ 26 / 84 
(31.0%)

25 / 51 (49.0%) 32 / 73 (43.8%) 49 / 99 (49.5%) 26 / 76 
(34.2%)

​

WHO 2 ​ 4 / 84 (4.8%) 5 / 51 (9.8%) 18 / 73 (24.7%) 12 / 99 (12.1%) 25 / 76 
(32.9%)

​

WHO 3 ​ 1 / 84 (1.2%) 2 / 51 (3.9%) 12 / 73 (16.4%) 4 / 99 (4.0%) 12 / 76 
(15.8%)

​

WHO 4 ​ 0 / 84 (0.0%) 0 / 51 (0.0%) 1 / 73 (1.4%) 0 / 99 (0.0%) 5 / 76 (6.6%) ​
CCI Score 387 ​ ​ ​ ​ ​ 0.023

0 ​ 21 / 84 
(25.0%)

8 / 55 (14.5%) 11 / 74 (14.9%) 32 / 99 (32.3%) 15 / 75 
(20.0%)

​

1 ​ 21 / 84 
(25.0%)

19 / 55 (34.5%) 14 / 74 (18.9%) 20 / 99 (20.2%) 20 / 75 
(26.7%)

​

2 ​ 21 / 84 
(25.0%)

10 / 55 (18.2%) 13 / 74 (17.6%) 19 / 99 (19.2%) 10 / 75 
(13.3%)

​

≥3 ​ 21 / 84 
(25.0%)

18 / 55 (32.7%) 36 / 74 (48.6%) 28 / 99 (28.3%) 30 / 75 
(40.0%)

​

Age-Adjusted CCI 
Score

387 ​ ​ ​ ​ ​ 0.026

≤2 ​ 21 / 84 
(25.0%)

8 / 55 (14.5%) 11 / 74 (14.9%) 32 / 99 (32.3%) 15 / 75 
(20.0%)

​

3 ​ 21 / 84 
(25.0%)

19 / 55 (34.5%) 14 / 74 (18.9%) 22 / 99 (22.2%) 20 / 75 
(26.7%)

​

4 ​ 21 / 84 
(25.0%)

10 / 55 (18.2%) 13 / 74 (17.6%) 17 / 99 (17.2%) 10 / 75 
(13.3%)

​

≥5 ​ 21 / 84 
(25.0%)

18 / 55 (32.7%) 36 / 74 (48.6%) 28 / 99 (28.3%) 30 / 75 
(40.0%)

​

Clinical Frailty Scale 121 ​ ​ ​ ​ ​ <0.001
1–4 ​ 43 / 56 

(76.8%)
14 / 29 (48.3%) 3 / 13 (23.1%) 3 / 9 (33.3%) 1 / 14 (7.1%) ​

5–9 ​ 13 / 56 
(23.2%)

15 / 29 (51.7%) 10 / 13 (76.9%) 6 / 9 (66.7%) 13 / 14 
(92.9%)

​

1n / N (%).
2 Pearson’s Chi-squared test.
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across groups (p < 0.001). A large majority (77%) of surgical patients 
were classified as non-frail (CFS 1–4). The corresponding proportions 
were lower for curative radiotherapy (48%) and systemic therapy 
(33%). High proportions of frail patients (CFS ≥ 5) were observed in the 
palliative radiotherapy (77%) and BSC (93%) groups.

Clinical scores as correlates of treatment allocation

Predictors of treatment allocation within Group A are presented in 
Table 3 and for group B in Supplementary Table S2 and S3.

In the selected model, both poorer WHO Score (e.g., WHO 3 vs 0: 
OR=15.6, p < 0.001) and higher CCI scores (OR=1.14 [95% CI 
1.02–1.27], p = 0.017) were significantly associated with increased 
odds of receiving non-active treatment (BSC or palliative radiotherapy). 
The result for WHO Score 4 (extremely high OR, p > 0.9) was considered 
unreliable due to the low number of patients (N = 6 overall) in this 
category.

For predicting surgical treatment versus non-surgical options, WHO 
Score was a highly significant predictor (Table 3). The odds of receiving 
surgery decreased sharply with increasing performance status (e.g., 
WHO 3 vs 0: OR=0.05, p = 0.003).

In Group B, models including CFS provided the best fit for predicting 
both non-active treatment allocation and surgical allocation. Compared 
with otherwise analogous models based on WHO Score, CFS-based 
models showed consistently lower AIC and BIC values (see Supple
mentary Methods for detailed model comparisons).

For non-active treatment allocation, the selected CFS-only model 
showed that each one-point increase in the CFS score was associated 
with a highly significant 2.6-fold increase in the odds of receiving non- 
active treatment (OR=2.57, 95% CI 1.75–4.08, p < 0.001) (Supple
mentary Table S2). Correspondingly, for surgical allocation, the selected 
CFS-only model indicated that higher frailty significantly reduced the 
odds of receiving surgery; each one-point CFS increase decreased the 
odds by approximately 49% (OR=0.51, 95% CI 0.36–0.69, p < 0.001) 
(Supplementary Table S3).

Survival and cause of death according to various clinical scores

Fig. 2 compares baseline clinical scores (AACCI, CCI, CFS, and WHO 
Score) across 24-month survival-status groups. Significant between- 
group differences were observed for CFS (p < 0.001) and WHO Score 
(p < 0.001). Highest CFS scores were seen in non-lung cancer related 
deaths, while for WHO Score the distribution was more even between 
lung cancer and non-lung cancer related deaths. For both the AACCI (p =
0.33) and CCI (0.32) the differences between groups were non- 
significant (Fig. 2).

OS & DSS KM curves are presented in Figs. 3A–H for each clinical 
scoring system.

Significant survival differences were observed according to WHO 
Score and CFS, as illustrated by KM analyses (Figs. 3A, B, G and H, all p 

< 0.001). To further quantify these differences, 24-month survival 
probabilities were examined (detailed in Supplementary Table S1). 
Notably, patients with an excellent WHO Score of 0 exhibited consid
erably higher 24-month OS at 58% and DSS at 60%. This contrasts 
sharply with patients with poorer performance status; for instance, those 
with WHO Score 2 had a 24-month OS of 11% and DSS of 14%, while for 
WHO Score 3, these figures were 5.4% and 13%, respectively. Similarly, 
a marked difference was seen with frailty status: non-frail patients (CFS 
1–4) had a 24-month OS of 72% and DSS of 74%, whereas frail patients 
(CFS 5–9) had substantially lower rates at 36% for OS and 48% for DSS 
(all figures from Supplementary Table S1).

In contrast to the findings for WHO Score and CFS, categorization by 
either CCI or AACCI was not significantly associated with overall or 
disease-specific survival (all p > 0.2; Figs. 3C– F).

Performance of clinical scoring in survival estimation by treatment 
allocation

Survival prediction within Group A (N = 372) was first assessed for 
the entire cohort using Cox regression. In nested model comparisons 
using the LRT, the model including only WHO Score was selected as the 
best predictor for both OS and DSS (Global p < 0.001 for both), as the 
addition of CCI did not provide a statistically significant improvement.

Survival prediction was further examined within specific treatment 
subgroups in Group A, yielding distinct findings. Notably, for the sur
gically treated patients (N = 76), no statistically significant predictors 
were identified compared to the null model for either OS or DSS, and 
detailed Cox results are therefore omitted for this subgroup. Further
more, for both these latter subgroups, adding the CCI did not provide a 
statistically significant improvement over models containing only WHO 
Score (see Supplementary Methods). The results for the selected WHO 
Score-only models are described next.

For patients receiving active treatment (N = 147), the selected Cox 
model using WHO Score alone was statistically significant overall for 
both OS (Global p = 0.027) and DSS (Global p = 0.028). Poorer per
formance status was associated with increased hazard compared to 
WHO Score 0; for OS, levels WHO 2–4 were significant predictors (e.g., 
WHO 4 vs 0: HR=2.99, p = 0.023), while for DSS, significance was 
observed for WHO 2 (HR=2.08, p = 0.020) and WHO 3 (HR=2.44, p =
0.011) (Supplementary Table S4).

Similarly, among patients receiving non-active treatment (N = 222), 
the WHO Score was identified as the best univariate predictor, with the 
model being statistically significant for both OS (Global p = 0.016) and 
DSS (Global p = 0.003).

Finally, survival analyses were conducted within the entire Group B 
cohort (N = 115). In univariate Cox models, both poorer WHO Score 
(Global p = 0.002) and higher CFS scores (Global p = 0.003) were 
significantly associated with worse survival outcomes (OS and DSS) 
(Supplementary Table S5).

Table 3 
Group A - predictors of receiving surgical treatment or non-active treatment (logistic regression).

Variable Non-active treatment (~WHO Score) Non-active treatment (~WHO Score + CCI) Surgery (~WHO Score)

N OR1 95% CI1 p-value N OR1 95% CI1 p-value N OR1 95% CI1 p-value

WHO Score 378 ​ ​ ​ 378 ​ ​ ​ 381 ​ ​ ​
WHO 0 ​ — — ​ ​ — — ​ ​ — — ​
WHO 1 ​ 3.29 1.84, 6.12 <0.001 ​ 3.32 1.85, 6.18 <0.001 ​ 0.27 0.15, 0.46 <0.001
WHO 2 ​ 12.4 6.12, 26.4 <0.001 ​ 11.2 5.46, 23.9 <0.001 ​ 0.09 0.03, 0.24 <0.001
WHO 3 ​ 19.0 7.44, 54.2 <0.001 ​ 15.6 5.99, 45.1 <0.001 ​ 0.05 0.00, 0.23 0.003
WHO 4 ​ — 0.00, >0.9 ​ — 0.00, >0.9 ​ 0.00 ​ >0.9

AIC2 ​ 429 ​ ​ ​ 425 ​ ​ ​ 358 ​ ​
BIC3 ​ 449 ​ ​ ​ 449 ​ ​ ​ 377 ​ ​
CCI ​ ​ ​ ​ 378 1.14 1.02, 1.27 0.017 ​ ​ ​ ​

1 OR = Odds Ratio, CI = Confidence Interval.
2 AIC = Akaike Information Criterion, 3 BIC = Bayesian Information Criterion.
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Discussion

The main goal of this study was to compare the prognostic value of 
WHO Score, CCI, and CFS. We focused on the potential added value of 
CCI and CFS beyond the standard WHO Score in the assessment of 
Finnish NSCLC patients to support decision-making. Our findings 
revealed distinct roles for these scores: the WHO Score largely retained 
its position as the primary prognostic indicator for survival across most 
analyses, whereas CFS appeared to best capture the risk of non-lung 
cancer-associated deaths – as illustrated in Fig. 2, where the highest 
CFS scores were seen in this specific patient group – and it correlated 
more strongly with treatment allocation patterns. For example, CFS was 
the strongest single predictor for allocation to non-active treatment, 
where each one-point increase in the scale more than doubled the odds 
of receiving non-active treatment only (OR=2.57). CCI, however, 
demonstrated limited prognostic value overall in this cohort, failing to 
significantly predict overall survival, disease-specific survival, or cause 
of death even as an independent variable. This suggests that simply 
quantifying the number of comorbidities may not be a clinically relevant 
metric for risk stratification in a highly heterogeneous real-world NSCLC 
population, where the functional impact of these conditions is likely 
already captured by WHO Score or CFS.

Despite recent advances in the treatment of lung cancer, it still re
mains a major cause of cancer associated deaths. Surgery and definitive 
(chemo)radiotherapy are both effective curative options. The challenge 
is that many patients are diagnosed in advanced stage, beyond the po
tential for local therapies. Moreover, lung cancer patients are often older 
adults with a long smoking history and several smoking associated 
comorbidities. For this reason, many patients suitable for curative 

therapy according to the stage of disease, are treated with palliative 
intent only. When choosing the optimal treatment approaches to each 
individual a clinician needs prognostic and predictive markers to weigh 
between disease and treatment associated risks. To this end, WHO, CCI, 
and CFS have all been suggested as key indicators of patient condition, 
instrumental in guiding these treatment decisions.

Confirming its established role, the WHO Score robustly predicted 
both overall and disease-specific survival in our main analysis cohort 
(Group A, comprising patients with available WHO and CCI data), 
extending across non-surgical treatment subgroups. This aligns with 
previous research [16–18] identifying the WHO Score as a key prog
nostic factor in NSCLC. However, its limitations also surfaced in our 
data. The relatively coarse 5-point scale (0–4) may obscure underlying 
patient heterogeneity captured by more granular tools. Furthermore, the 
WHO Score failed to significantly predict survival among surgically 
treated patients (N = 76). This is understandable as the group was highly 
selected based on fitness for major interventions, with 94% (79/84) of 
patients belonging to the best performance categories of WHO 0 or 1, 
thus limiting the prognostic power of the score within this homogenous 
cohort. Indeed, the WHO Score encapsulates not only the impact of the 
current disease but also reflects the patient's baseline general health and 
elements of pre-existing frailty. While this broad scope makes it infor
mative, compressing such diverse information into a 5-point scale (0–4) 
inherently necessitates generalization, potentially masking finer details 
of patient status.

Alongside performance status, assessing patient frailty is increas
ingly recognized as a crucial tool in oncogeriatrics. Frailty itself has been 
established as a significant independent prognostic factor that pro
foundly impacts health outcomes, particularly within lung cancer 

Fig. 2. Distribution of clinical scores by survival status at 24 months. Abbreviations: Charlson Comorbidity Index (CCI).
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Fig. 3. Overall survival (OS) and disease-specific survival (DSS) stratified by clinical scoring systems. Panels show Kaplan–Meier curves for: (A) OS by WHO Score, 
(B) DSS by WHO Score (up to 24 months), (C) OS by CCI, (D) DSS by CCI (up to 24 months), (E) OS by AACCI, (F) DSS by AACCI (up to 24 months), (G) OS by CFS, 
and (H) DSS by CFS (up to 24 months). P-values from log-rank tests are shown. (shaded: 95% CI, ticks: censoring, vertical dashed: median survival [if reached]). 
Abbreviations: Age-Adjusted Charlson Comorbidity Index (AACCI); Charlson Comorbidity Index (CCI); Clinical Frailty Scale (CFS).
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populations [19,20]. Various tools are utilized to quantify frailty, with 
the CFS being one such instrument whose application and characteristics 
are documented in literature [13]. Beyond its general prognostic im
plications, a growing body of evidence links frailty in older cancer pa
tients to a spectrum of adverse treatment-related outcomes. Indeed, 
studies have demonstrated associations between frailty and more 
frequent systemic therapy intolerance, increased surgical complications, 
higher postoperative mortality, and less favourable survival outcomes 
for those treated with radiotherapy [21–23]. These findings collectively 
suggest that aggressive treatment strategies may not confer additional 
benefit and could even be detrimental in frail individuals, underscoring 
the need for careful, individualized assessment. However, despite the 
acknowledged importance of frailty, the comprehensive performance of 
frailty assessments, including scales like CFS, specifically in direct 
comparison to the WHO Score in NSCLC, have been underexplored.

A key finding in our study was the strong correlation between the 
CFS and treatment allocation (Non-active vs. Active; Surgery vs. Non- 
Surgery) within the subgroup assessed for frailty (Group B, N = 116). 
This association was notably stronger than that observed for the WHO 
Score, suggesting clinicians' decisions closely mirrored the underlying 
frailty, captured with CFS. This supports the potential utility of stan
dardized frailty assessment in reflecting real-world decision drivers. 
Importantly, CFS seemed also to associate better with non-lung cancer- 
related deaths, but its independent value for survival prediction beyond 
WHO Score in Group B remained somewhat unclear. Results highlight 
the challenges in separating their independent prognostic effects, likely 
due to the strong correlation between the scores and the limited sample 
size of Group B. Clinically, it is evident that progressing frailty also leads 
to a decline in patient performance scores.

Comorbidity burden, assessed using the CCI, was prevalent in our 
cohort, yet CCI offered limited additive value beyond the WHO Score in 
most contexts studied. It did not significantly improve survival predic
tion when added to WHO Score models in Group A. Although CCI was a 
statistically significant predictor for non-active treatment allocation 
when added to WHO Score in Group A (LRT p = 0.015), the improve
ment according to information criteria was modest, particularly BIC. 
Overall, CCI did not emerge as a primary independent driver of treat
ment allocation or survival prognosis in our analyses, which is in line 
with other research data on the relevance of comorbidities in non-small 
cell lung cancer [24,25]. Although in some studies CCI predicted peri- 
and post-operative survival [26,27] independently, in our analyses it 
provided no added value to WHO Score. This limited contribution likely 
reflects that the functional impacts of comorbidities are more compre
hensively captured by WHO Score, thus diminishing the independent 
role of CCI. Furthermore, because our models strictly compared the 
clinical scores without adjusting for baseline characteristics like age or 
stage, the absolute independent prognostic value of these tools requires 
further validation.

Strengths and limitations

This study's strengths include its multicenter nature, utilizing data 
from 395 NSCLC patients across five Finnish hospitals, reflecting real- 
world practice. Detailed clinical information, including patient base
line characteristics, diagnostic information, scoring system variables, 
treatments, and outcomes, was systematically collected from patient 
records. The inclusion of three different scoring systems allowed for 
their direct comparison.

However, several limitations should be considered. The retrospective 
design prevents conclusions about causality. As the data covers patients 
diagnosed in 2018, the significant advancements in NSCLC treatment 
since then, particularly regarding immunotherapy and targeted agents, 
may limit the applicability of some findings to current clinical practice. 
A key limitation was the incomplete availability of CFS data, restricting 
frailty analyses to a smaller subgroup (Group B, N = 122), potentially 
introducing selection bias and reducing statistical power for some 

comparisons. Furthermore, the cohort represents approximately 22% of 
all lung cancer cases diagnosed in Finland in 2018, which may impact 
the generalizability of results to the national level. Given the marked 
clinical heterogeneity of the cohort and the relatively small subgroup 
sizes, treatment-stratified survival analyses should be interpreted as 
exploratory. Finally, to prevent statistical overfitting and to focus 
directly on comparing the clinical scoring systems, our multivariable 
models were not adjusted for additional baseline characteristics. 
Consequently, it remains a limitation that we cannot definitively assess 
whether the evaluated scores perform independently of these potential 
clinical confounders.

Conclusions

This study confirms the WHO Score as the primary predictor for 
overall and disease-specific survival among Finnish patients diagnosed 
with NSCLC. Despite its relatively broad classification scale (0–4), WHO 
Score consistently provided strong predictive value for survival out
comes across different patient groups, including those receiving active 
treatments and non-active treatment. However, the predictive value of 
WHO Score decreased notably among surgically treated patients, sug
gesting reduced usefulness in populations already selected based on 
good general condition.

The CFS showed potential usefulness in evaluating patient frailty, 
especially among older NSCLC patients. Our findings indicate that CFS 
correlates well with treatment decisions, even outperforming WHO 
Score in predicting whether patients received active interventions or 
non-active. Additionally, CFS provided preliminary evidence for pre
dicting non-cancer-related mortality, emphasizing its clinical relevance 
in assessing frailty. Nevertheless, given that CFS largely overlapped with 
WHO Score and often lost independent significance when evaluated 
alongside WHO Score, further investigation is needed to clarify its pre
cise role in prognostic assessment, although it clearly offers a more 
detailed tool for assessing frail patient populations.

The CCI, despite reflecting considerable comorbidity burden in this 
cohort, provided limited additional prognostic information beyond 
WHO Score. Its minor contribution likely results from its primary focus 
on the number rather than the severity or functional impact of comorbid 
conditions—factors already effectively captured by WHO Score and, to 
some extent, CFS.

In conclusion, WHO Score remains the gold standard prognostic tool, 
and while frailty assessment using CFS provides additional insight, 
particularly for older and frail NSCLC patients, its precise added value 
should be further evaluated in future studies.
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