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A B S T R A C T   

This observational cohort study investigates neurocognitive functioning (NCF) and its associations with overall 
survival (OS), disease-free survival (DFS) and patient-reported psychological toxicities in locally-advanced and 
metastatic non-small cell lung (NSCLC) cancer patients receiving loco-regional radiotherapy and/or systemic 
therapy. Objective NCF data was collected with six psychometrically validated neurocognitive tests. Subjective 
NCF was assessed with the cognitive domain of the European Organisation for Research and Treatment of Cancer 
Quality of Life Questionnaire Core 30 items. Psychological toxicity data was collected with the patient-reported 
outcomes version of the common terminology criteria for adverse events. Meaningful clinical important differ-
ences were determined for changes in NCF. Univariate Cox proportional hazards models and generalized linear 
models were used to determine statistical significance (p < 0.01). 

In total, 50 patients were recruited. At baseline, 13 (26%) patients had an impaired objective NCF. Over time, 
deterioration was seen in 11% (n = 3), 5% (n = 1) and 6% (n = 1) of patients at 2–3, 6 and 12 months post- 
treatment. The OS of patients with a normal NCF at baseline was longer than those with an impaired baseline 
NCF (29.5 vs 17.1 months). No statistical significance has been reached between NCF and OS (p = .353) nor NCF 
and DFS (p = .251). Objective NCF was not correlated with subjective NCF (p = .193), nor anxiety (p = .504), 
depression (p = .513), memory problems (p = .813) and concentration problems (p = .813). 

Systemic treatment and loco-regional radiotherapy may have a temporarily negative impact on NCF in a small 
proportion of locally-advanced and metastatic NSCLC. Baseline NCF could be a predictor for OS.   

Introduction 

Lung cancer is the deadliest cancer worldwide [1]. The majority of 
patients is diagnosed with non-small cell lung cancer (NSCLC) (85%) of 
which the majority has locally-advanced (LA-) and metastatic disease 
[2]. 

Treatment for (LA-) advanced NSCLC typically consists of a combi-
nation of treatment modalities, of which radiotherapy and/or a combi-
nation of systemic oncology treatments (chemo-, targeted and 
immunotherapy) are among the most important. For medically fit LA- 
NSCLC patients, the cornerstone of treatment is concurrent chemo- 
radiotherapy. Immunotherapy has lately been added to the standard 
of care, further improving survival [3,4]. For metastatic disease, 
chemotherapy has been the standard treatment for decades. Recently, 

immunotherapy, either alone or combined with chemotherapy, has 
emerged to be an important treatment modality for metastatic NSCLC 
with less toxicity and improved survival [5,6]. Molecular targeted 
therapy is given to patients with certain onco-drivers [7]. The treatment 
or combination depends mainly on histology, stage and patient-related 
factors such as performance status and comorbidities. 

Due to the poor prognosis of patients, it is important to take into 
account the impact of therapy on overall wellbeing. This can be 
impacted by a broad range of symptoms and toxicities, but of which 
cognitive impairment has been described to be associated with a decline 
in health-related quality of life [8]. Therefore, cognitive decline 
following NSCLC treatment is an important survivor concern [9]. 

Neurocognitive impairments may be temporarily, but may also be 
persistent until years after treatment [9]. The incidence and severity of 
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cognitive dysfunction may be influenced by various factors: disease- 
related symptoms, such as fatigue, dyspnea, pain and physical impair-
ment; treatment-induced toxicity, including neurotoxicity linked to the 
pro-inflammatory cytokine pathways of treatment; and psychological 
distress like anxiety, depression and negative mood [8]. Neurocognitive 
functioning (NCF) can be measured objectively and subjectively. 
Objective NCF refers to cognitive performance measured with neuro-
cognitive tests. Objective cognitive impairment is mostly minimal and 
within a range that is considered normal [10]. Subjective NCF refers to 
self-reported cognitive dysfunction measured with patient-reported 
outcome measures (PROM)s. Subjective cognitive problems are gener-
ally more prevalent than objective dysfunction and are frequently un-
related [10]. 

Studies on objective NCF in lung cancer predominantly focus on 
small-cell lung cancer (SCLC) patients receiving prophylactic cranial 
irradiation (PCI) [9,11–19]. Relatively little research has focused on the 
impact of various treatment strategies, also those not specifically tar-
geting the brain, on NCF among NSCLC patients. So far, two studies have 
been conducted on the impact of chemo- and radiotherapy on NCF in 
this patient population [20,21]. Conversely, more data is available on 
subjective NCF, showing no clinically meaningful changes over time [9]. 

This exploratory study aimed to evaluate NCF of LA- and metastatic 
NSCLC patients receiving different standard treatment modalities 
enrolled in the real-world study PRO-Long [22]. Furthermore, real- 
world evidence on the associations between objective NCF and overall 
survival (OS), disease-free survival (DFS), patient-reported toxicities 
and subjective NCF were explored. It was hypothesized that objective 
NCF deteriorated over time in a proportion of patients as well as 
objective NCF was associated with OS, DFS and patient-reported 
toxicity. 

Methodology 

Patient population 

Patients with LA- and metastatic NSCLC receiving loco-regional 
radiotherapy and/or chemotherapy and/or first- or second-line immu-
notherapy at Ghent University Hospital (GUH) were included. Patients 
who received anticancer treatment during the five years prior to the 
study were excluded. The study was approved by the ethical committee 
of the GUH. All patients provided written informed consent prior to 
participation in the study. The study was carried out in accordance with 
the Declaration of Helsinki. 

Data collection 

Patient and tumour characteristics were collected at baseline. 
Treatment details were obtained at the end of treatment. Patient- 
reported subjective NCF and toxicity data was collected with PROMs. 

Subjective NCF was collected with the paper version of the European 
Organisation for Research and Treatment of Cancer (EORTC) Quality of 
Life Questionnaire Core 30 items (QLQ-C30) [23–25]. The QLQ-C30 
measures five functional domains (physical, role, emotional, cognitive, 
and social), nine cancer symptoms and treatment-associated side-effects, 
global health and quality of life. The domain of cognitive functioning of 
the EORTC-C30 questionnaire was considered subjective NCF. 

Toxicity data was collected with the patient-reported outcomes 
version of the common terminology criteria for adverse events (PRO- 
CTCAE). The PRO-CTCAE captures patients’ perspectives regarding 
toxicities, rather than diagnosing mood disorders. The following psy-
chological toxicities of the PRO-CTCAE were included in this study: 
Anxiety, depression, memory and concentration problems [26]. 

Six psychometrically validated neurocognitive tests were used to 
assess objective NCF. See Table 1 for an overview of the NCF tests and 
associated domains. 

Details concerning data collection time points have been described 
previously [22]. Shortly, patient-reported subjective cognitive 

functioning and toxicity data was collected 7 to 8 times, whereas 
objective NCF data was collected 4 times. Objective NCF data was 
collected every 2 – 3 months, to gather as much data as possible of this 
patient population with a poor prognosis, while taking into account the 
test–retest practice effect. Different versions of the NCF assessment tools 
were used for most of the tests, to diminish the learning effect. Data 
collection started pre-treatment and lasted until 12 months post- 
therapy. Two months after the onset of treatment was considered end 
of treatment for immunotherapy. 

Data analyses 

This was an exploratory analysis on the impact of treatment on NCF 
and the associations between baseline NCF, OS, DFS, patient-reported 
toxicities and subjective NCF. Summary statistics, including percent-
ages, means and standard deviations (SD) were calculated for both 
categorical and continuous data. 

The domain cognitive functioning assessed with the EORTC QLQ- 
C30 was calculated based on the scoring manual of the EORTC [24]. A 
linear transformation was used to calculate a score ranging from 0 to 
100. The higher the score, the better the cognitive functioning is 
perceived. Subjective cognitive functioning data was considered missing 
if at least half of the items on cognitive functioning were missing. A 
minimum of 10-points difference was used to determine meaningful 
clinical important differences (MCID) (improved or worse, versus stable) 
[27]. 

Based on the recommendations of the International Cognition and 
Cancer Task Force, impairment of objective NCF was defined as a min-
imal − 1.5 standard deviation (SD) on at least two tests at baseline as 
well as a − 1.5 SD between baseline and subsequent time points [28]. In 
case no impairment was found, we considered the neurocognitive per-
formance as normal. 

Univariate Cox proportional hazards models and generalized linear 
model were used to assess the association between neurocognitive fail-
ure at baseline and OS and DFS. The same models were used to analyse 
the associations between subjective and objective NCF, age, OS, DFS and 
education level. The model used NCF as a dichotomized variable (0, 
normal NCF vs 1, impaired NCF) and age as a continuous variable. SPSS 
version 27 was used to analyse the data. To determine statistical sig-
nificance, the p-value was set at 0.01 to correct for multiple comparisons 
and to adjust for level I error [29]. 

Results 

Patient characteristics 

From January 2016 to December 2018, 50 NSCLC patients were 
enrolled in the PRO-Long study [22]. Seventeen patients refused 
participation, mainly due to mental burden. Patient, tumour and treat-
ment have been described previously. Briefly, the majority of patients 
were male (64%), had a WHO performance status of 1 and had LA- 

Table 1 
Overview of neurocognitive tests.  

Test Neurocognitive function 
tested 

Reys-Osterrieth Complex Figure Test (ROCF)26,27 Immediate and delayed 
recall 

Hopkins Verbal Learning Test-Revised (HVLT-R)28 Immediate and delayed 
recall 

Trail Making Test (TMT) part A29 Cognitive processing speed 
TMT Part B Executive functioning 
Benton Controlled Oral Word Association Test 

(COWA)30 
Verbal fluency 

Wechsler Adult Intelligence Scale (WAIS) digit 
span31 

Working memory 

Stroop Color and Word Test (SCWT)32 Executive function  
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disease (54%); while the dominant treatment strategies were concurrent 
chemo-radiotherapy (38%), chemotherapy alone (24%) or first-line 
immunotherapy (12%). Three (6%) patients had brain metastases at 
baseline. Table 2 provides an overview of patient characteristics. Data 
was available for 50, 33, 21 and 17 patients at baseline, 2–3, 6 and 12 
months post-treatment. 

Neurocognitive functioning 

Details concerning subjective functioning have been reported pre-
viously [22]. Shortly, subjective NCF did not change over time (p =
.494). More meaningful deterioration was reported in patients, 41%, 
32% and 27% of patients at respectively 2/3, 6 and 12 months post- 
treatment compared to improvements. Meaningful improvements were 
seen in 18%, 13% and 20% of patients respectively at aforementioned 
time points. At baseline, 13 (26%) of patients had an impaired objective 
NCF. Most failure was seen in the HVLT-R immediate recall test (18%), 
COWA (20%) and WAIS backwards (22%). Patient, treatment and 
tumour characteristics and subjective NCF data of the patients with 
impaired objective NCF at baseline can be found in Table 2. No major 
differences in baseline data were found between patients with pre- 
treatment impaired and normal NCF. Statistical analyses on objective 
NCF have been shown previously [22]. Briefly, visual memory (p =
.000) and cognitive processing speed (p = .000) improve over time. 

Over time, deterioration in NCF was found only in small percentages. 
At 2–3 months, 6 months and 1-year post-treatment, 11% (3 out of 28), 
5% (1 out of 20) and 6% (1 out of 17) respectively of patients had a 
deterioration in NCF from baseline. The failures in the NCF assessments 
at the different time points were observed in different patients, meaning 
that 5 patients deteriorated in NCF at one specific time point. 

Neurocognitive functioning and survival 

At the time of submission (21/12/2021), 15 patients were still alive 
of which 4 had no progressive disease. More patients with a normal NCF 
(n = 13; 35%) than with an impaired NCF (n = 2; 15%) were still alive. 
Education was not correlated with baseline NCF failure (p = .466). The 
OS of patients with a normal NCF is about 12 months longer compared to 
those with an impaired baseline NCF (29.5 vs 17.1 months). However, 
no statistical significance has been reached between NCF and OS (p =
.353) nor NCF and DFS (p = .251). 

The difference in survival did not yet show at one year (similar 
survival rates, normal NCF (67.6%) and impaired NCF (61.5%)), while 
the two-year survival rate was substantially better in those with normal 
NCF compared to those with an impaired NCF (51.4% vs 30.8%). 

In terms of statistical analyses, no significant differences in 1-year (p 
= .353and 2-year survival (p = .254; d = 0.38) were seen between those 
with impaired and normal NCF. However, the effect sizes at one year (d 
= 1.28) and two year (d = 0.38) show a large and moderate effect 
respectively. 

Associations between objective and patient-reported outcomes 

Subjective and objective NCF were not correlated (p = .193). 
Furthermore, none of the toxicities, including anxiety (p = .504), 
depression (p = .513), memory problems (p = .813) and concentration 
problems (p = .813) were correlated with objective NCF. However, 
certain toxicities were correlated with subjective NCF. Particularly, fa-
tigue, depression and anxiety were associated with concentration 
problems. Memory problems are significantly associated with subjective 
cognitive functioning. See Table 3 for an overview between pain, fa-
tigue, dyspnoea, depression, anxiety, and memory and concentration 
problems and subjective cognitive functioning. 

Table 2 
Patient, treatment and HRQoL characteristics.  

Baseline characteristics, n 
(%) 

Overall 
population (n =
50) 

Patients with neurocognitive 
impairment (n = 13) 

Male 32 (64) 7 (54) 
Mean age ± SD (y) 63.4 (8.86) 67.2 (7.52) 
WHO Performance Status 

0 
1 
2  

15 (30) 
33 (66) 
2 (4)  

1 (8) 
11 (84) 
1 (8) 

Stage 
III 
IV  

26 (54) 
24 (46)  

7 (54) 
6 (46) 

Histology  
Adenocarcinoma 

Squamous-cell carcinoma 
Neuroendocrine carcinoma 
Undifferentiated  

34 (68) 
13 (26) 
2 (4) 
1 (2)  

9 (69) 
2 (15) 
1 (81  

Treatment 
Concurrent chemo- 
radiotherapy 
Chemotherapy 
Radiotherapy 
Sequential chemo- 
radiotherapy 
Chemo-immunotherapy 
Immunotherapy (1st line) 
Immunotherapy (2nd line)  

19 (18) 
12 (24) 
4 (8) 
5 (10) 
1 (2) 
6 (12) 
3 (6)  

6 (46) 
1 (8) 
1 (8) 
2 (15) 
1 (8) 
2 (15) 

Comorbidities 
COPD  
Myocardial disease 
Hypertension 
Arrhythmias 
Other heart myocardial 
disease 
Depression  

30 (60)  

19 (38) 
3 (6) 
3 (6) 
8 (16)  

7 (54)  

3 (23) 
2 (15) 
1 (8) 
1 (8) 

BMI 
Underweight (<18.5) 
Normal (18.5 – 24.9) 
Overweight (25 – 29.9) 
Obese (>30)  

3 (6) 
24 (48) 
16 (32) 
7 (14)   

6 (46) 
6 (46) 
1 (8) 

Smoking status  
Never smoker  
Ex-smoker before cancer 

diagnosis 
Ex-smoker, since cancer 
diagnosis 
Current  

5 (10) 
23 (46) 
7 (14) 
15 (30)  

4 (31) 
2 (15) 
6 (46) 
1 (8) 

Education 
Primary school 
Secondary school 
Higher education  
University  

6 (12) 
31 (62) 
10 (20) 
5 (10)  

3 (23) 
9 (69)  

1 (8) 
Relationship status 

In relationship 
Single  

42 (84) 
8 (16)  

11 (85) 
2 (15) 

Children 
Yes  44 (88)  13 (100) 

Currently employed 
Currently employed 
Unemployed 
Retired  

6 (12) 
21 (42) 
23 (46)   

4 (31) 
9 (69) 

Subjective cognitive 
functiong, average score 

82.31 83.33 

Neuro-psychological toxicity  
Anxiety  
Depression  
Memory problems  
Concentration problems  

1.80 
1.73 
1.59 
1.47  

1.54 
1.62 
1.69 
1.38 

Note: Whether a patient is scored having a co-morbidity is based on the pre-
scribed medication for the condition in the electronic patient records 
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Discussion 

This study analysed NCF of LA- and metastatic NSCLC patients un-
dergoing systemic and/or loco-regional radiotherapy. This is one of the 
first studies on long-term objective NCF in this patient population. The 
results show that only a small percentage of patients had a meaningful 
clinically important deterioration in objective NCF at each time point. 
The pilot study (n = 14) of Whitney et al. on NCF in LA-NSCLC under-
going concurrent chemo-radiotherapy showed different results. The re-
sults showed that the majority of patients (62%) had a cognitive decline 
at one-month post-treatment. Most decline was observed in executive 
functioning and immediate verbal memory. Nonetheless, at 7 months 
post-treatment, NCF returned to baseline. No data was collected be-
tween 1 and 7 months. In accordance with our data, this could implicate 
that NCF deterioration is temporary and limited to the first month(s) 
post-treatment and may rather be a result of acute toxicities such as 
fatigue, pain and distress. On the other hand, attention, visual memory 
and visuospatial abilities improved significantly over time as was seen in 
our study, potentially due to the practice effect. This refers to the 
improvement in cognitive test performance due to re-evaluation of 
performance and may confound the interpretation of the results [30]. 

The short-term decline in NCF following chemotherapy has also been 
found in a Norwegian RCT on NCF in inoperable NSCLC patients 
receiving either radiotherapy alone or combined with chemotherapy 
[20]. The results showed that patients undergoing chemotherapy dete-
riorated in NCF performance compared to the radiotherapy group. 
However, the interval between last treatment and the follow-up NCF test 
was substantially shorter in patients receiving chemotherapy than 
radiotherapy (5 vs 11 weeks). Therefore, acute toxicities such as fatigue 
linked to chemotherapy may still be present, potentially influencing the 
results. Unfortunately, no long-term follow-up was done. 

Our results show that baseline NCF may potentially be a prognostic 
factor for OS. Although, no statistical significance levels were found, a 
particular large effect size at one-year post-treatment survival was 
found, indicating that baseline NCF predicts one-year survival. 

This has been previously found in patients with malignant glioblas-
toma [31] and cancer patients with brain metastases [32]. Johnson and 
colleagues found that early cognitive impairment is an indication for a 
poor prognosis in newly diagnosed malignant glioblastoma [31]. Exec-
utive functioning and attention were the strongest predictors for sur-
vival. In patients with brain metastases, objective NCF, particularly 
memory, fine motor speed, executive functioning and overall neuro-
cognitive dysfunction were associated with brain tumour volume and 
prognostic factors of overall survival [32]. 

Our results show that objective and subjective NCF are not corre-
lated. This has been demonstrated previously [10]. Patient-reported 
neurocognitive problems are more prevalent than objective neuro- 
cognitive impairment. Naturally, patients may focus on the worst neu-
rocognitive problems they experienced during the last week, whereas 
objective tests assess the best performances of patients in an ideal 
environment without distractions seen in everyday situations. These 
tests may therefore not detect mild cognitive problems relevant in daily 

life. Alternatively, subjective cognitive dysfunction may rather suggest 
psychological distress related to cancer and its treatment, such as anx-
iety and depression. Notwithstanding the discrepancy between objective 
and perceived cognitive functioning, both provide relevant data to the 
functioning of cancer patients [33]. 

It is important to look into individual changes over time. Patients 
may perform within the normal range of NCF, however it could be that 
prior to treatment, performance was high and therefore a patient may 
experience a meaningful decline. This study used a decline of 1.5 SD as a 
meaningful clinical important decline in NCF as recommended by the 
International Cognition and Cancer Task Force [28]. However, research 
on standards of meaningful clinical important cognitive impairment, 
developed cooperatively with patients, is currently lacking.[10] 
Whereas statistical significance refers to the reliability of the data, MCID 
indicates the smallest change in outcome that is meaningful to the pa-
tient [34]. MCIDs facilitate the interpretation of clinical relevance of 
score changes over time. 

Limitations of this study include the relatively small sample size. 
However, this is the largest recent study on NCF in systemic treatment 
and loco-regional radiotherapy in NSCLC patients. Furthermore, this 
study has missing data mainly due to death and worsening of health, a 
known phenomenon in longitudinal observational lung cancer studies 
[35,36]. Moreover, follow-up was discontinued by the patients or due to 
change in treatment. Particularly, data was missing from metastatic 
patients. This is expected, since these patients have a shorter life- 
expectancy and disease-free survival. The small sample size and the 
decreasing compliance over time may limit generalizability and reduces 
statistical power. Accordingly, the study aim was rather explorative. In 
the interpretation of the long-term NCF results it should be considered 
that patients with a better survival and response to treatment usually 
over-represent these data. 

At baseline, three patients were diagnosed with brain metastases. 
None received cerebral irradiation, they only underwent systemic 
therapy. In addition, no progression occurred over the time of evalua-
tion, clinically nor at imaging. Moreover, as each patient was evaluated 
compared to his/her baseline results, the fact of having cerebral me-
tastases was not considered a confounding factor in the statistical 
analysis. It can, however, not be excluded that the presence of brain 
metastases may have impacted the study results. 

Psychological toxicities (anxiety, depression, memory and concen-
tration problems) were assessed with the PRO-CTCAE [26]. The PRO- 
CTCAE is a validated and reliable tool to capture patients perspec-
tives’ on symptomatic toxicities, rather than a diagnostic tool. There-
fore, conclusions regarding particularly anxiety disorder and depression 
diagnosis cannot be made. Although, the aim of this paper was to pro-
vide the patients’ perspectives on psychological symptoms rather than 
to diagnose them. 

Finally, as our study demonstrated how difficult it is to perform data 
collection in this often-frail population, every attempt should be made to 
alleviate participation burden for the patients. More research is there-
fore needed to understand the potential of electronic PRO data collec-
tion and NCF testing at patients’ homes outside of clinical trials to help 
detect early relapse and deterioration of patients’ wellbeing, while 
limiting the burden of unnecessary travel to and from the hospital [37]. 

In conclusion, systemic treatment and loco-regional radiotherapy 
may have a temporarily negative impact on NCF in a small proportion of 
LA- and metastatic NSCLC. Baseline NCF in this patient population could 
be a predictor for overall survival. Although, due to the explorative 
nature of this study and the small sample size, no firm conclusions can be 
drawn. More research is needed to understand the impact of treatment 
on cognitive wellbeing in this vulnerable patient population. 
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Table 3 
Overview of associations between toxicities and subjective NCF.   

Memory 
problems 

Concentration 
problems 

Subjective cognitive 
functioning 

Pain  0.306  0.069  0.781 
Fatigue  0.047  0.002  0.014 
Dyspnoea  0.056  0.037  0.044 
Depression  0.211  0.004  0.131 
Anxiety  0.067  0.002  0.301 
Memory problems  –  0.012  <0.001 
Concentration 

problems  
0.012  –  0.023 

P-value ≤ 0.01     
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