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Abstract 31 

Background: Early-stage non-small cell lung cancer (NSCLC) is increasingly treated 32 

with either video-assisted thoracoscopic surgery (VATS) or stereotactic ablative 33 

radiotherapy (SABR). While survival outcomes of these modalities have been widely 34 

studied, the prognostic significance of patient-reported outcomes (PROs), particularly 35 

short-term changes in global health status, remains underexplored in radically treated 36 

early-stage disease. 37 

Methods: The Life after Lung Cancer (LiLac) study is a prospective observational 38 

cohort evaluating quality of life (QoL) trajectories in patients with clinical stage I-II 39 

NSCLC treated with VATS or SABR. QoL was assessed using the EORTC QLQ-C30 40 

and LC13 at baseline and at 6 weeks, 3, 6, and 12 months. This analysis includes a 41 

5-year survival follow-up of stage IA patients with available baseline and 6-week global 42 

health (GH) scores. Overall survival (OS), event-free survival (EFS), and lung cancer–43 

specific survival (LCSS) were examined. A Fine–Gray competing risks model was 44 

used to identify predictors of lung cancer–specific mortality. 45 

Results: A total of 142 patients were included (80 VATS; 62 SABR), with a median 46 

follow-up of 59 months. OS and EFS at 5 years were higher in surgical patients, while 47 

LCSS showed a favourable trend for VATS. A GH score decline >10 points at 6 weeks 48 

were the only factor independently associated with lung cancer–specific death (SHR 49 
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5.77, p=0.019), irrespective of treatment modality. No other QoL scales showed 50 

prognostic significance. 51 

Conclusions: Early decline in patient-reported global health status after curative 52 

treatment for stage I NSCLC is a strong independent predictor of lung cancer–specific 53 

mortality. These findings support the integration of routine PRO assessment to inform 54 

risk stratification, recovery monitoring, and shared decision-making. Multicentre 55 

validation is warranted. 56 
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1 Introduction 57 

Lung cancer is the third most common cancer in the UK, accounting for almost 13% 58 

of all new cancer cases (2017)(1). When Non-Small Cell Lung Cancer (NSCLC) is 59 

diagnosed at an early-stage (Stage I-II), surgical resection is the main guideline-60 

recommended curative treatment,  with five-year survival rates from 90% for Stage IA 61 

to 65% for Stage IIA(2). Open lung resection has been increasingly replaced by a 62 

minimal access video-assisted thoracoscopic surgery (VATS) resulting in reduced 63 

complications and faster recovery(3).  However, some patients with Stage I-II cancers 64 

are not suitable for surgery due their age and/or poor fitness secondary to significant 65 

medical comorbidities. Indication for surgery have been defined by guidelines, 66 

including functional tests (cardio-vascular and respiratory function tests), performance 67 

status and patient’s acceptance of perioperative risk(4).   In 2023 in England, 37% of 68 

people diagnosed with lung cancer were diagnosed with stage I-II, with an overall 69 

resection rates increase up to 20%(5). 70 

Patients with higher surgical risk can be treated with stereotactic ablative body 71 

radiotherapy (SABR). SABR is an advanced technique where tumours are ablated 72 

using higher biologically equivalent doses than conventionally fractionated 73 

radiotherapy, providing improved overall survival with lower morbidity (6, 7). Patients 74 

undergoing SABR tend to be older, have more comorbidities and lower baseline 75 

health-related QoL than surgical patients(8).  76 

Direct comparison of the clinical outcomes after VATS and SABR have been limited 77 

by the lack of high-quality randomised controlled trials (9). Such trials are inherently 78 

difficult to do in this patient population, due to significant co-morbidities and often poor 79 

performance status and as demonstrated in the SABRTOOTH trial(10), patients have 80 

a pre- pre-existing treatment preference that makes randomisation difficult(11). 81 
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Although guidelines recommend objective thresholds to estimate the surgical risk of 82 

lung resection(12) and thus counsel patients towards VATS or SABR, the main 83 

concern for patients is less the immediate risk of serious complications, but rather the 84 

permanent disability and loss of independence which impacts on patients’ quality of 85 

life (QoL)(13).  86 

The Lilac study describe in detail the QoL of early-stage NSCLC patients before and 87 

during the first 12 months after VATS resections or SABR treatments, based on routine 88 

practice in one cancer centre, and using standard validated instruments. The 89 

hypothesis was that the two treatments would have different effects on patients’ QoL 90 

over time. A secondary aim was to determine the feasibility and patient acceptability 91 

of collecting regular QoL and patient-reported outcomes data in clinical practice. 92 

Previously published results suggested that collecting QoL data in this setting is 93 

feasible, and that surgery leads to greater short-term declines in quality of life, whereas 94 

SABR is associated with less acute deterioration, indicating better short-term 95 

tolerability(14). 96 

However, given the well-recognised challenges in recruiting patients to randomised 97 

controlled trials in this setting, the prospectively collected data from this cohort 98 

therefore provided a valuable opportunity to explore survival outcomes and compare 99 

prognostic factors between treatment groups.  100 

The objective of this analysis was to assess the 5-years survival limited to patient with 101 

clinical stage IA NSCLC and its relationship with peri-treatment changes in QoL.  102 

 103 

 104 

 105 

 106 
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2. Material and Methods: 107 

2.1 Study Design and participants 108 

Life after Lung Cancer (Lilac), is a prospective observational longitudinal study utilising 109 

repeated QoL measures. Patients undergoing treatments for stage I-II  NSCLC, VATS 110 

or SABR, not involved in other QoL studies, were consecutively recruited from the 111 

Leeds Teaching Hospitals NHS Trust. The study received ethical approval from The 112 

National Research Ethics Service Yorkshire and the Humber-Leeds East Committee 113 

(REC Ref: 16/YH/0407) and was registered in the Clinical Trial database 114 

(ClinicalTrials.gov Identifier: NCT02882750).  115 

All participants provided written consent and were invited to self-report QoL measures 116 

using online secure access from home/clinic, or paper administration as an alternative. 117 

Full details of the study protocol and main results have been previously published (14-118 

16). Selection criteria were: diagnosis of NSCLC either from histology or tumour board 119 

agreement on >95% likelihood of diagnosis based on radiological evidence, decision 120 

for surgery or SABR and able to give informed consent. Exclusion criteria were: stages 121 

III-IV, patient included in other QoL study (to avoid patient burden). The decisions to 122 

select early-stage NSCLC patients for surgical and SABR treatment were based on 123 

current lung cancer guidelines(17). 124 

 125 

2.2 Quality of Life assessment  126 

QoL data were collected with the European Organization for Research and Treatment 127 

(EORTC) Quality of Life Questionnaire (QLQ-C30) and its Lung Cancer specific 128 

Module (LC13) pre-treatment, post-treatment at 6 weeks, 3, 6 and 12 months (18, 19).  129 
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EORTC QLQ-C30 includes 9 multi-item scales; five functional scales: physical, role, 130 

emotional, cognitive, and social functioning, three symptom scales: fatigue, pain, and 131 

nausea and vomiting, and a global health status/QoL scale. Six single-item scales 132 

assess symptoms: dyspnoea, appetite loss, sleep disturbance, diarrhoea, and 133 

financial impact. Scale scores are transformed to a 0–100 range, with higher scores 134 

indicating better functioning for functional scales, and greater symptom burden for 135 

symptom scales. 136 

 137 

2.3 Statistical analysis 138 

2.3.1 Baseline demographic and clinical characteristics 139 

Descriptive statistics were used to present the baseline characteristics of the treatment 140 

groups. Between groups comparisons (VATS vs SABR) used independent t-test for 141 

numeric variables with normal distribution or Wilcoxon rank-sum test for those without 142 

normal distribution. Categorical variables were compared by using Chi-square or 143 

Fisher’s exact test. 144 

 145 

2.3.2 Survival Analysis 146 

The survival analysis was restricted to patients with clinical stage IA NSCLC only 147 

according to the eight edition of the TNM stage classification for lung cancer(20). 148 

Overall survival (OS), Event-free survival (EFS) and Lung Cancer Specific Survival 149 

(LCSS) were assessed. Overall Survival (OS) was measured from the date of 150 

treatment completion to the date of death from any cause and censored at the date of 151 

last follow-up for survivors. Event-free survival (EFS) was measured from the date of 152 

treatment completion to the date of death from any cause or lung cancer recurrence, 153 

whichever occurred first, and censored at the date of last follow-up for survivors 154 
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without recurrence. LCSS was measured from the date of treatment completion to the 155 

date of death from lung cancer, and censored at the date of last follow up for survivors 156 

or deaths due to causes other than lung cancer 157 

 158 

A Fine–Gray competing risks model was performed to identify factors associated with 159 

lung cancer specific death where the competing risk factors were deaths due to causes 160 

other than lung cancer such as non-cancer related deaths or cancer other than lung 161 

cancer related deaths). Stepwise regression model with backward elimination was 162 

used using a p value<0.1 for retention in the model. The following factors were initially 163 

entered in the competing regression model: age, sex, FEV1, DLCO, type of treatment 164 

(surgery vs. radiotherapy), history of coronary artery disease (CAD) or 165 

cerebrovascular disease (CVD), Performance Status (PS), Charlson’s Comorbidity 166 

Index (CCI), General Health from the QLQ-C30 (GH) at baseline and at 6 weeks. 167 

 168 

Statistical analyses were performed using the Sta 15.1 statistical software (Stata Corp, 169 

College Station, TX). 170 

 171 

This study is reported in accordance with the Strengthening the Reporting of 172 

Observational Studies in Epidemiology (STROBE) guidelines(21). We have also 173 

followed the Consolidated Standards of Reporting Trials (CONSORT) Patient 174 

Reported Outcome (PRO) guidance for the reporting the QoL results(22). 175 

 176 

 177 

 178 

 179 
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3. Results 180 

Of 403 patients screened from 01/03/2017 until 01/03/2018, 47 were not eligible and 181 

75 were not approached due to staff shortages. Of the remaining 281 patients 182 

approached, 244 (87%) consented to participate in the study (Supplementary Figure 183 

1).   184 

Of the 244 patients consenting to LiLAC, 142 underwent treatment for clinically 185 

diagnosed stage IA NSCLC and are included in this survival analysis. 80 underwent 186 

Surgery and 62 SABR. Median follow up is 59 months (IQR 30-85). 187 

The characteristics of the patients included in this analysis are presented in Table 1. 188 

As expected, patients treated with SABR were older, with more compromised 189 

pulmonary function and co-morbidities. 190 

Median follow up in this series was 59 months (IQR 30-85). Overall survival (OS) at 5 191 

years was 55% (95% CI, 43–65) for surgery and 37% (95% CI, 25–49) for SABR (log-192 

rank p<0.001) (Fig 1). Surgery was associated with improved OS compared with 193 

SABR (HR 0.57, 95% CI 0.33–0.79; p = 0.003). 194 

 195 

Event-free survival (EFS) at 5 years was 52% (95% CI, 41–63) for surgery versus 35% 196 

(95% CI, 24–47) for SABR (log-rank p < 0.001)(Fig 2), with a hazard ratio for surgery 197 

of 0.57 (95% CI, 0.37–0.87; p = 0.009). 198 

 199 

Lung cancer–specific survival (LCSS) at 5 years was 82% (95% CI, 70–89) for surgery 200 

and 69% (95% CI, 53–80) for SABR (log-rank p = 0.0086). Surgery was associated 201 

with a trend toward improved LCSS compared with SABR (HR 0.51, 95% CI 0.24–202 

1.10; p = 0.069) (Fig.3) 203 

 204 
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69 patients included in this analysis had both the baseline and six weeks EORTC 205 

QLQ-C-30 Global Health Status/QoL (GH) score measured.  206 

The baseline GH status was higher in the surgical patients compared to those treated 207 

with SABR (72.2, SD 18.0, vs. 56.7, SD 25.2, p=0.0064). However, the average 208 

decline at 6 weeks was similar in the two groups (5.7, SD 16.0, and 4.6, SD 24.1, in 209 

the surgical and SABR groups respectively, p=0.88). The overall average peri-210 

treatment difference in GH status at 6 weeks was 5.0 (SD 20). 23 patients had a 211 

decline in GH status greater than 10 (11 had surgery and 12 had SABR, p=1).  212 

Competing regression analysis (where the competing risk was death for causes other 213 

than lung cancer) showed that the only factor associated with lung cancer specific 214 

death was 6 week decline in GH status greater than 10 (table 2) (SHR 5.8, p=0.019).  215 

Patients with a GH decline greater than 10 at 6 weeks have a 5.8 risk of dying of lung 216 

cancer compared to those without this decline independent of the treatment received. 217 

Figure 4 shows the cumulative incidence of lung cancer deaths in patients with and 218 

without a decline in GH greater than 10 in the two treatment groups. The presence of 219 

a large decline in GH was associated with higher incidence of lung cancer deaths in 220 

both treatment groups.   221 

Peri-treatment changes in all other EORTC C-30 scales and Summary Score were 222 

independently tested and none of them was found associated with lung cancer specific 223 

survival (data not shown). 224 

When baseline scales were individually tested in a competing regression analysis 225 

together with other patient related factors, only a lower summary score (SHR 0.97, 226 

p=0.016), emotional functioning score (SHR 0.98, p=0.008), and cognitive functioning 227 

score (SHR 0.98, p=0.001) were associated with higher risk of lung cancer specific 228 

death. No other baseline scale was associated with lung cancer specific death. 229 
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4. Discussion 230 

In this long term follow-up analysis, conducted in a real-world setting, we 231 

demonstrated that in patients with stage IA NSCLC, 6 weeks decline in patient-232 

reported EORTC QLQ-C-30 Global-Health Status/QoL score greater than 10 was 233 

associated with a 5.8 fold higher risk of dying of lung cancer irrespective of the curative 234 

treatment (VATS resection or SABR). 235 

In this cohort of patients with stage IA NSCLC, surgical resection was associated with 236 

improved overall and event-free survival compared with SABR at 5 years. However, 237 

Lung Cancer Specific-survival was similar between the two groups, with more than 238 

70% of patients remaining alive being recurrence-free at 5 years irrespective of 239 

treatment modality. From a quality-of-life perspective, we have previously reported 240 

that surgery has a more pronounced early impact, with significant short-term decline 241 

in global health and functioning, although most patients gradually returned to baseline 242 

levels over time. By contrast, SABR was associated with less acute deterioration, 243 

reflecting a more favourable short-term tolerability profile(15). Although this is not a 244 

randomized trial and several preoperative variables could not be assessed, our results 245 

are in line with the recently published data from the Revised-STAR trial showing 246 

progression-free survival between groups was also similar in the SABR and VATS 247 

Lobectomy and Mediastinal Lymph Node Dissection (VATS-L-MLND) groups at 5 248 

years (77%, 68–87 vs 80%, 71–90; log-rank p=0·57)(23) and more comprehensive 249 

meta-analysis (24). 250 

 251 

Increasing number of studies have been published underscoring the prognostic value 252 

of patient-reported outcomes in cancer care, incentivising an increased focus and 253 

more accurate information on issues that matter to patients(25). 254 
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At the same time, more methodological rigour has been advocated with 255 

recommendations aimed at improving the quality of future prognostic factor research, 256 

taking into consideration the unique challenges in QoL setting(26). 257 

Few studies have investigated the added value of baselines and changes in QoL over 258 

time in advanced NSCLC setting, confirming the role of EORTC QLQ-C30 scores in 259 

predicting cancer-specific survival(27-30). 260 

Nevertheless, the conclusions on the generalizability of QoL as prognostic of overall 261 

survival remain limited since these analyses were often exploratory and 262 

focused on advanced setting. Furthermore, in radically treated patients, the short-term 263 

evolution of QoL could improve the predictive accuracy, capturing potential treatment 264 

acute side-effects that are not easily and accurately assessed by the toxicity grading, 265 

especially in surgically treated patients. The current study investigated whether short-266 

term changes in QoL scores from baseline over time were associated with survival 267 

independently from treatment in a cohort of early-stage NSCLC. Initial reports by 268 

Farrugia et Al. in patients treated with SABR at 3 months after SABR found that 269 

changes in global health status, functional QoL performance, and symptom burden, 270 

were associated with progression-free survival and overall survival outcomes(31). In 271 

the thoracic surgical setting, higher patient-reported physical function score has been 272 

demonstrated to be associated with longer overall survival after resection(32). 273 

We selected a 10 points as minimally important difference (MID) to categorize the 274 

change in HRQOL score to include in the regression as being commonly 275 

recommended, including recently updated guidelines (33, 34). 276 

Furthermore, a recently published meta-analysis in lung cancer patients reported for 277 

every 10-point increase in scores on the global quality of life, physical functioning, and 278 
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role functioning, there was a 13%, 12%, and 7% lower risk of overall survival, 279 

respectively(35). 280 

These findings are particularly relevant in supporting the role of patient-reported 281 

outcome assessment as a measure of treatment tolerability. The observation that an 282 

early decline in global health status carries prognostic significance suggests that 283 

systematic assessment in the immediate postoperative period may also be critical in 284 

other disease stages, especially where additional therapies such as immunotherapy 285 

or targeted agents are considered(36, 37). Capturing patients’ recovery trajectories 286 

shortly after surgery could therefore inform readiness to initiate adjuvant treatments 287 

and ultimately improve long-term outcomes and possibly identify early patients enable 288 

a post treatment rehabilitation/medical optimisation. 289 

 290 

Nevertheless, the observation that the GHS decline was the only significant peri-291 

treatment predictor—while other EORTC QLQ-C30 scales did not reach 292 

significance—highlights the distinct roles of these metrics. In this clinical setting, the 293 

Summary Score may be more sensitive to the acute, transient symptom burden often 294 

seen immediately following surgery or radiotherapy(38). In contrast, the GHS appears 295 

better suited to capturing a holistic and underlying baseline patient-reported health 296 

that can supersede traditional objective prognostic factors, such as performance 297 

status or pulmonary function(39). However, given the baseline disparities where SABR 298 

patients were older and had higher comorbidity burdens, these results should be 299 

viewed as hypothesis-generating. The nature of GHS as a predictor requires further 300 

validation in larger, multi-centre cohorts where higher baseline compliance can be 301 

ensured to mitigate residual confounding. 302 

 303 
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While our findings identify an early >10-point decline in GHS at 6 weeks as an 304 

independent predictor of lung cancer-specific mortality, we must critically acknowledge 305 

the methodological limitations of this observational cohort. As previously reported in 306 

the LiLac study(15), compliance with baseline questionnaires was notably higher in 307 

the SABR group (78%) compared to the VATS group (54%). This differential attrition 308 

and the overall rate of missing baseline data potentially reduce the statistical power of 309 

the longitudinal analysis and may introduce selection bias. 310 

 311 

This study has some additional potential limitations. It was conducted in a single 312 

centre, which may limit generalisability. The sample size was small, reducing the 313 

power of subgroup analyses. Patient-reported outcomes were collected at fixed 314 

intervals, potentially missing short-term fluctuations or late effects. Finally, baseline 315 

differences between the surgery and SABR groups in this context may have influenced 316 

outcomes; although preoperative factors were considered, residual confounding 317 

cannot be excluded, particularly given the more acute functional impact of surgery. 318 

 319 

Conclusions 320 

In conclusion, this study demonstrates that very early changes in patient-reported 321 

global health status provide important prognostic information for patients with stage I 322 

NSCLC treated with either surgery or SABR. The findings highlight the value of 323 

incorporating routine patient-reported outcomes into clinical practice to support risk 324 

stratification and shared decision-making. Future research in larger, multi-centre 325 

cohorts is needed to validate these observations and to explore strategies for 326 

mitigating early declines in quality of life, particularly in the surgical setting. 327 

 328 
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Table 1: Characteristics of the patients included in the analysis 492 

 Surgery (80 patients) SABR (62 patients) p-value 

Age 69.4 (8.6) 74.3 (8.9) 0.0004 

FEV1% 86.4 (22.6) 78.0 (26.7) 0.015 

DLCO% 83.0 (20.4) 71.9 (22.7) 0.002 

BMI kg/m2 26.4 (5.7) 27.3 (5.5) 0.26 

sex (male) 37 (46%) 22 (35%) 0.20 

CAD 5 (6.3%) 20 (32%) <0.001 

CVD 2 (2.5%) 9 (15%) 0.011 

Diabetes 6 (7.5%) 15 (24%) 0.008 

PS>1 11 (14%) 37 (60%) <0.001 

Results are expressed as averages and standard deviations for numeric variables and 493 

count and percentages for categorical ones. FEV1: forced expiratory volume in one 494 

second; DLCO: carbon monoxide lung diffusion capacity; BMI: body mass index; CAD: 495 

history of coronary artery disease; CVD: history of cerebrovascular disease; PS: 496 

performance status. 497 

 498 

 499 

 500 
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Table 2: Results of the competing regression analysis to identify factors associated 501 

with lung cancer specific death (competing event: deaths from causes other the lung 502 

cancer). 503 

Variables SHR p-value 95% CI 

Age 0.96 0.26 0.90-1.03 

Sex male 0.84 0.75 0.30-2.40 

Decline GH >10 5.77 0.019 1.33-25.0 

Surgery 0.71 0.65 0.16-3.09 

FEV1 0.99 0.46 0.97-1.02 

DLCO 0.99 0.96 0.97-1.02 

CAD 1.02 0.97 0.32-3.28 

CVD 2.77 0.27 0.44-17.2 

PS>1 0.50 0.24 0.16-1.59 

SHR: Sub distribution hazard ratio; SFEV1: forced expiratory volume in one second; 504 

DLCO: carbon monoxide lung diffusion capacity; BMI: body mass index; CAD: history 505 

of coronary artery disease; CVD: history of cerebrovascular disease; PS: performance 506 

status.GH: Global Health Status 507 

 508 

 509 

 510 
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Figures Legend 511 

Figure 1: Kaplan Meier overall survival estimates after surgery or SABR in patients 512 

with clinical stage I NSCLC. 513 

Figure 2: Kaplan Meier event free survival estimates after surgery or SABR in 514 

patients with clinical stage I NSCLC. 515 

Figure 3: Kaplan Meier lung cancer specific survival estimates after surgery or SABR 516 

in patients with clinical stage I NSCLC. 517 

Figure 4: Cumulative incidence of lung cancer deaths in clinical stage I NSCLC 518 

patients with and without a large peri-treatment decline in global health status by 519 

treatment group. 520 

 521 

Funding Statement: This work was funded by Yorkshire Cancer Research (Award 522 

reference number L399) 523 

 524 

 525 

Data Availability Statement 526 

The data underlying this article will be shared on reasonable request to the 527 

corresponding author. 528 


