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A B S T R A C T   

Objectives: Radiotherapy-induced toxicity may negatively impact health-related quality of life (HRQoL). This report investigates the impact of curative-intent 
radiotherapy on HRQoL and toxicity in early stage and locally-advanced non-small cell lung cancer patients treated with radiotherapy or chemo-radiotherapy 
enrolled in the observational prospective REQUITE study. 
Materials and methods: HRQoL was assessed using the European Organisation for Research and Treatment of Cancer QLQ-C30 questionnaire up to 2 years post 
radiotherapy. Eleven toxicities were scored by clinicians using the Common Terminology Criteria for Adverse Events (CTCAE) version 4. Toxicity scores were 
calculated by subtracting baseline values. Mixed model analyses were applied to determine statistical significance (p ≤ 0.01). Meaningful clinical important dif
ferences (MCID) were determined for changes in HRQoL. Analysis was performed on the overall data, different radiotherapy techniques, multimodality treatments 
and disease stages. 
Results: Data of 510 patients were analysed. There was no significant change in HRQoL or its domains, except for deterioration in cognitive functioning (p = 0.01). 
Radiotherapy technique had no significant impact on HRQoL. The addition of chemotherapy was significantly associated with HRQoL over time (p <.001). Overall 
toxicity did not significantly change over time. Acute toxicities of radiation-dermatitis (p =.003), dysphagia (p =.002) and esophagitis (p <.001) peaked at 3 months 
and decreased thereafter. Pneumonitis initially deteriorated but improved significantly after 12 months (p =.011). A proportion of patients experienced meaningful 
clinically important improvements and deteriorations in overall HRQoL and its domains. In some patients, pre-treatment symptoms improved gradually. 
Conclusions: While overall HRQoL and toxicity did not change over time, some patients improved, whereas others experienced acute radiotherapy-induced toxicities 
and deteriorated HRQoL, especially physical and cognitive functioning. Patient characteristics, more so than radiotherapy technique and treatment modality, impact 
post-radiotherapy toxicity and HRQoL outcomes. This stresses the importance of considering the potential impact of radiotherapy on individuals’ HRQoL, symptoms 
and toxicity in treatment decision-making.   

1. Introduction 

Lung cancer is the leading cause of death world-wide [1], and non- 
small cell lung cancer (NSCLC) accounts for approximately 80% of all 
cases. Radiotherapy is an important treatment modality in lung cancer 
that aims to improve loco-regional control and survival [2]. Surgery 
remains the standard of care for fit early-stage (ES-)NSCLC patients, but 
for those who are medically unfit or unwilling to undergo surgery, ste
reotactic body radiotherapy (SBRT) is the therapy of choice [3]. Stan
dard treatment for locally advanced (LA-)NSCLC in fit patients is 
concurrent chemotherapy and radiotherapy (cCRT) with consolidative 
immunotherapy [4]. However, most patients are not suitable for this 
treatment [5] and may therefore receive sequential chemo-radiotherapy 
or radiotherapy only. Three-dimensional conformal radiotherapy (3D- 
CRT) remains frequently used in LA-NSCLC patients, but IMRT is more 
effective than 3D-CRT in allowing increased dose and reducing toxicity 
to normal tissue. 

Radiotherapy also causes toxicity. Differences in the severity can 
depend on various factors such as the volume of normal tissues irradi
ated and intrinsic differences in radiosensitivity of the normal tissues 
between individuals [6]. Side effects can be described as acute or late 
[7]. Acute adverse events occur up to 90 days post-radiotherapy. They 
generally resolve completely, but may affect quality of life significantly 
and may even cause death [8]. Acute side effects that do not heal can 
lead to late tissue damage, the so-called “consequential late damage” 
[9]. Late adverse events are mainly irreversible and progressive and 
have therefore a more prolonged and significant impact on patients’ 
daily life. 

Radiation-induced toxicity may negatively impact short and long- 
term health-related quality of life (HRQoL), as demonstrated in head- 
and-neck and breast cancer patients [10–12]. HRQoL refers to the 
impact of treatment and disease on a patients’ daily wellbeing. It rep
resents a subjective evaluation of the individuals’ physical, role, social, 
cognitive, emotional, sexual and spiritual functioning [13–15]. Assess
ment of HRQoL in clinical trials and in daily practice can complement 
traditional outcomes [15–17]. For example, HRQoL is a more accurate 
prognostic indicator of survival than other clinical prognosticators, such 
as performance status (PS); and it is particularly useful to evaluate the 
benefits and toxicity of therapy [18]. Not surprisingly, improving and 
maintaining HRQoL in oncology patients has become a key aspect of 

personalized medicine. Treatment-decision making should therefore 
balance between clinical evidence and patient preferences, which is 
influenced by their current and anticipated future HRQoL. 

This is particularly important in frail patient populations with poor 
general health and prognosis, such as the lung cancer population. Un
fortunately, patients with poor PS and the elderly are often excluded 
from clinical trials, which emphasizes the need for large observational 
studies to gather data on the entire patient population [19]. 

Such a study is REQUITE (validating pREdictive models and bio
markers of radiotherapy toxicity to reduce side effects and improve 
QUalITy of lifE in cancer survivors) [20], an international prospective 
study aimed at developing a unique resource to validate models and 
biomarkers that predict the risk of toxicity following radiotherapy. This 
current analysis provides a summary of HRQoL and toxicity in ES- and 
LA-NSCLC patients enrolled in the REQUITE study. 

2. Materials and methods 

The REQUITE (validating pREdictive models and biomarkers of 
radiotherapy toxicity to reduce side effects and improve QUalITy of lifE 
in cancer survivors) study is a multi-center, longitudinal, observational 
study. The objective is to validate existing models of radiotherapy- 
induced morbidity and incorporate biomarkers to determine patients 
at risk. The ultimate aim is to reduce toxicity and improve HRQoL in 
patients receiving radiotherapy. Patients were recruited between April 
2014 and March 2017.The study collected standardized data by CRFs (a. 
o. demographics, comorbidities, acute and late toxicity) and tissue 
samples from breast, prostate and lung cancer patients. Details of the 
study have been published previously [20]. For lung cancer patients, the 
eligibility criteria were: a confirmed diagnosis of lung cancer (this 
manuscript only included NSCLC patients), suitable for radical radio
therapy, SBRT, sequential or concurrent chemo-radiotherapy, 18 years 
or older, absence of distant metastases and without malignancies in the 
last 5 years. Lung cancer patients were withdrawn from the study if a 
recurrence or a second malignancy in the thorax occurred. Participants 
gave written informed consent. The study was approved by local ethics 
committees and was registered with the Current Controlled Trials 
(ISRCTN98496463). 
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2.1. Data set 

HRQoL was measured using the EORTC QLQ-C30, a questionnaire 
which focuses on the impact of disease and therapy on HRQoL, including 
the physical, role, cognitive, emotional and social functioning, symp
toms, global quality of life and health status. 

Toxicity was scored using the Common Terminology Criteria for 
Adverse Events (CTCAE) version 4.0. The toxicities measured were: 
cough, dyspnea, chest wall pain, pneumonitis, pulmonary fibrosis, 
bronchial stricture, esophagitis, dysphagia, myocardial infarction, 
pericarditis and radiation dermatitis. Data was collected before or 
within the first 5 days of radiotherapy and 3, 6, 12 and 24 months post- 
radiotherapy with a flexibility of 4 weeks around each time point. 
Important to note is that baseline data were collected before radio
therapy. However, baseline data might be influenced by previous sur
gery or chemotherapy, particularly in those receiving sequential chemo- 
radiotherapy. 

2.2. Data analyses 

Scoring of the EORTC QLQ-C30 followed the EORTC guidelines [21]. 
Data imputation was done for HRQoL in case at least half of the items of 
a certain domain or symptom was scored [22]. No data imputation was 
performed for missing toxicity data. 

Linear transformation was applied for each domain and item to 
standardize the raw score ranging from 0 to 100. Higher scores on 
functional scales and global health status/quality of life represent a 
high/healthy level of functioning whereas high scores on symptoms 
indicates stronger symptoms [15]. A 10-point change in any item or 
domain within a patient over time, was considered a threshold for a 
minimal clinically important difference (MCID) [15]. Meaningful 
improvement is defined as a 10-point increase and meaningful deterio
ration is defined as a 10-point decrease between two time points. 

Toxicity was scored with CTCAE, with toxicity at follow-up time 
points being calculated by subtracting the baseline toxicity score from 
the subsequent score. While improvements, as well as deteriorations, 
were reported, only worsening toxicity scores were taken into account in 
statistical analyses to capture the impact of therapy. The total toxicity 
score was calculated with the Standardized Total Average Toxicity 
(STAT) score [23]. The STAT score is a scale-independent measure of 
toxicity that summarizes different toxicity scores into a single mea
surement for a patient. 

All patients with either toxicity or HRQoL data were included in the 
analyses. Treatment was categorized into the following treatment mo
dalities: 3D-CRT, IMRT (including rotational IMRT: tomotherapy and 
volumetric arc therapy (VMAT)) and SBRT, as well as multimodality 
approaches including concurrent or sequential chemo-radiotherapy 
versus radiotherapy alone. Comparisons between the latter excluded 
stage I patients, but included 14 stage II/III patients receiving SBRT as 
radiotherapy-only treatment strategy. 

A linear mixed-effects model was applied to analyze the data. This 
model corrects for the relatedness structure of the data and missing data 
[13]. The following covariates were included in the full model: stage 
(stage I vs stage II vs stage IIIA vs stage IIIB), time point, country and 
radiotherapy technique (3D-CRT vs IMRT vs SBRT). 

The level of statistical significance was set at p = 0.01 to correct for 
multiple comparisons and to adjust for a level I error. Statistical signif
icance analyses provide data on the overall outcomes of the entire 
population, rather than quantifying the individual evolution over time. 
Therefore, this study focuses additionally on MCID and the percentages 
of patients improving and deteriorating over time are presented. 

3. Results 

3.1. Patient characteristics 

In total, 561 lung cancer patients were enrolled in the REQUITE 
study of which 510 were eligible for analyses based on inclusion criteria 
and minimal data availability. Patient characteristics are shown in 
Table 1. See Appendix 1. for a summary of availability of HRQoL and 
toxicity data per time point. 

3.2. HRQoL at baseline 

Baseline physical and social functioning scores varied substantially 
between different patient groups, whilst no meaningful differences be
tween overall (Global health status/QoL) and other domains of HRQoL 
were found. An overview of HRQoL and its domains per disease stage 
can be found in Table 1. Similar summaries for different radiotherapy 
techniques and treatment modalities can be found in Appendix 2. For 
physical functioning, stage I (average of 67.1) and stage II (69.1) NSCLC 
patients reported lower scores than those with stage IIIA (75.7) and IIIB 
(75.3) NSCLC. In line with this, SBRT patients had lower scores (66.8) 
than those undergoing IMRT (71.1) or 3D-CRT (77.8), the latter having 
the highest baseline physical functioning score. Patients receiving con
current chemo-radiotherapy had a higher average physical functioning 
score of 79.4 compared to patients who received sequential chemo- 
radiotherapy or radiotherapy alone, with scores of 72.9 and 65.5 
respectively. Conversely, social functioning of patients receiving radio
therapy alone scored considerably higher than those receiving concur
rent and sequential chemo-radiotherapy in particular (83.1 vs 80.5 vs 
73.3 respectively). 

3.3. HRQoL after radiotherapy 

In the entire population, overall HRQoL did not significantly change 
over time (p =.249). The same applied to most of the domains: physical 
(p =.580), role (p =.232) emotional (p =.226) and social functioning (p 
=.086). Cognitive functioning was the only domain that significantly 
deteriorated over time (p = 0.01). 

In terms of MCIDs compared to baseline (see Fig. 1), most patients 
remained stable in overall HRQoL and its domains. The most striking 
changes were observed at the later time points, with deterioration in 
physical functioning at 12 and 24 months, but the only clinically 
important differences were seen in an improved overall HRQoL, 
together with better role functioning, at 24 months. 

3.3.1. HRQoL for different radiotherapy techniques 
On average, radiotherapy technique had no statistically significant 

impact on overall HRQoL (p =.349), nor its separate domains (p =.177, 
p =.082, p =.396, p =.358, p =.790) over time. 

In terms of MCIDs, those receiving 3D-CRT deteriorated progres
sively over time in overall HRQoL; in physical functioning, with the most 
striking decline was at 12 months in 39% of the patients; and in 
cognitive and emotional functioning, most specifically at 24 months. 
Conversely, improvements were gradually seen in emotional and role 
functioning. In patients who received IMRT, overall HRQoL, physical 
and role functioning deteriorated more than social functioning over 
time. Among those receiving SBRT, the greatest deterioration was seen 
in overall HRQoL at 24 months and more patients progressively dete
riorated in physical, role, cognitive and social functioning at this time 
point. See Fig. 2 for an overview of MCIDs in HRQoL and its domains for 
different radiotherapy techniques. 

3.3.2. HRQoL for different treatment modalities 
Treatment with chemotherapy was significantly associated with 

overall HRQoL (p <.001): those who received concurrent or sequential 
chemo-radiotherapy had a significantly higher post-treatment overall 
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HRQoL (p <.001 and p =.010 respectively) than those who received 
radiotherapy alone at all follow-up points. No statistical significant 
differences in HRQoL were found post-treatment between sequential 
and concurrent chemo-radiotherapy. 

MCIDs were observed in patients receiving concurrent chemo- 
radiotherapy, the most notable outcome was the substantial improve
ment in long-term social functioning and deterioration of cognitive 
functioning. Among those receiving sequential chemo-radiotherapy, 
more patients gradually worsened in overall HRQoL. Physical, role 
and cognitive functioning seemed to improve initially, but deteriorated 
thereafter. For stage II/III patients receiving radiotherapy without 
chemotherapy, considerable improvements were initially seen in 
emotional functioning culminating at 12 months, despite deteriorations 
in physical, role and social functioning in the same time frame. By 24 
months, deterioration was seen in all domains as well as overall HRQoL 
with the greatest impact on role, emotional and especially cognitive 
functioning. 

3.3.3. HRQoL for different disease stages 
Disease stage, conversely, was associated with overall HRQoL over 

time (p =.008): those with stage IIIA and stage I had the best and worst 
overall HRQoL, respectively. Appendix 3 provides an overview of MCIDs 
of HRQoL per disease stage. 

3.4. Symptoms at baseline 

At baseline, symptoms of cough (53.6%), dyspnea (63.3%) and chest 
wall pain (19.2%) were not only reported more frequently, but also 
showed pre-radiotherapy differences between patient groups. The 
baseline data in Fig. 3 shows symptoms present before start of therapy. 
Dyspnea was most frequently reported in stage I (70.8%) and II (67.2%) 
patients, less so in those with stage IIIA (59.6%) and IIIB (54.6%). Pain 
was most commonly reported in stage II (28.3%) and IIIA (22.4%) pa
tients but less in those with stage I (11.8%) and IIIB (18.5%). In line with 
this are the findings for the radiotherapy techniques: patients receiving 
SBRT were most likely to report dyspnea (70.5%) and least likely to 
report pain (10.9%) whereas those receiving 3D-CRT were least likely to 
experience dyspnea (57.4%) and most likely to experience pain (34.0%). 
Patients receiving sequential chemo-radiotherapy reported cough less 
often (36.5%) than those undergoing concurrent chemo-radiotherapy 
(56.7%) and radiotherapy alone (60.0%). The same holds for pain 
(9.5% vs 24.3% and 26.7%). On the other hand, those receiving radio
therapy alone were most likely to report dyspnea (70%) compared to 
those receiving sequential (65.1%) or concurrent chemo-radiotherapy 

Table 1 
Patient, disease and treatment characteristics and baseline HRQoL.  

Patient characteristics 
Average age, years (range), SD 69 (39-91), 10.0 
Gender, n (%)  

Female 149 (29.2) 
Male 361 (70.8) 

Smoking status, n (%)  
Never smoker 23 (4.5) 
Ex-smoker before cancer diagnosis 281 (55.1) 
Ex-smoker, since cancer diagnosis 88 (17.3) 
Current 115 (22.5) 
Unknown 3 (0.6) 

Comorbidity, n (%)  
Cardio-vascular disease 305 (59.8) 

History of heart disease 158 (31.0) 
Hypertension 251 (49.2) 

COPD 210 (41.2) 
Depression 61 (12.0) 

Highest education, n (%)  
Primary school 135 (26.5) 
Secondary school 84 (16.5) 
Professional education 46 (9.0) 
University or equivalent 52 (10.2) 
Unknown 193 (37.8) 

Disease characteristics 
Disease stage, n (%)  

I 169 (33.1) 
II 61 (12.0) 
IIIA 172 (33.7) 
IIIB 97 (19.0) 
Unknown 11 (2.2) 

Histology, n (%)  
Adenocarcinoma 194 (38.0) 
Squamous cell carcinoma 176 (34.5) 
Large cell NOS and other types of NSCLC 27 (5.3) 
Unknown 113 (22.2) 

Treatment characteristics 
Radiation technique, n (%)  

3D-CRT 155 (30.4) 
IMRT 208 (40.8) 

Rotational IMRT (including VMAT and tomotherapy) 76 (14.9) 
SBRT 147 (28.8) 

Combined treatment modality, n (%)  
Concurrent chemo-radiotherapy 192 (37.6) 
Sequential chemo-radiotherapy 61 (12.0) 
Radiotherapy alone 257 (50.4) 

Surgery, n (%) 49 (9.6) 
HRQoL baseline scores  
Physical functioning 72.1 
Role functioning 70.7 
Emotional functioning 75.1 
Cognitive functioning 83.5 
Social functioning 79.7 
Fatigue 34 
Nausea and vomiting 7.8 
Pain 16.7 
Dyspnoea 35 
Insomina 27.2 
Appetite loss 20.6 
Constipation 17.9 
Diarrhoea 7 
Financial difficulties 10.7 
Global health status/QoL 52.7 
Overall HRQoL 78.1 
Baseline overall HRQoL and domains per stage  
Stage I  
Physical functioning 67.1 
Role functioning 67.2 
Emotional functioning 77 
Cognitive functioning 82.7 
Social functioning 81 
Overall HRQoL 78.8 
Stage II  
Physical functioning 69.1 
Role functioning 72.2 
Emotional functioning 74.9 
Cognitive functioning 79.7  

Table 1 (continued ) 

Social functioning 76.8 
Overall HRQoL 77.4 
Stage IIIA  
Physical functioning 75.7 
Role functioning 73.7 
Emotional functioning 76.9 
Cognitive functioning 86.5 
Social functioning 81.7 
Overall HRQoL 79.8 
Stage IIIB  
Physical functioning 75.3 
Role functioning 71.7 
Emotional functioning 71.6 
Cognitive functioning 82.9 
Social functioning 77.1 
Overall HRQoL 76.5 

Abbreviations: 3D-CRT, three-dimensional conformal radiation therapy; COPD, 
chronic obstructive pulmonary disease; HRQoL, health-related quality of life; 
IMRT, Intensity-Modulated Radiation Therapy; n, number; NOS, not otherwise 
specified; NSCLC, non-small cell lung cancer; SBRT, Stereotactic body radiation 
therapy; SD, standard deviation; QoL, quality of life; VMAT, Volumetric- 
Modulated Arc Therapy. 
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(52.4%). 

3.5. Toxicity after radiotherapy 

Overall toxicity did not significantly differ over time (p =.544). Fig. 3 
represents the course of toxicities over time. Dyspnea and cough were 
both positively and negatively impacted, although no statistical signif
icance was found on average for the entire population. The typical acute 
radiotherapy-related toxicities of radiation-dermatitis (p =.003), 

dysphagia (p =.002) and esophagitis (p <.001) peaked at 3 months and 
decreased thereafter. Pneumonitis deteriorated initially but improved 
significantly at 12 and 24 months (p =.011). Finally, a trend towards 
increasing fibrosis (p =.045), bronchial stricture (p =.021) and peri
carditis (p =.019) was observed, although the latter was extremely rare. 

3.5.1. Toxicity per radiotherapy technique 
In 3D-CRT, an increase in dyspnea was seen over time (Appendix 4.). 

These patients also experienced less improvement in chest wall pain 

Fig. 1. Overview of meaningful clinical important differences (deterioration or improvement) in overall HRQoL and its domains over time.  
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over time. Radiation dermatitis and esophagitis were short-term toxic
ities. Dysphagia was either short-term or improved over time when 
present at baseline. Pneumonitis mainly deteriorated within the first 
year. In those receiving IMRT, the most notable change was an 
improvement in cough at 24 months. Dyspnea worsened over time. 
Dysphagia and esophagitis were short-term toxicities as in 3D-CRT. 
Pneumonitis was mostly seen within the first 12 months. In patients 
receiving SBRT, dyspnea gradually deteriorated within the first 12 
months. Pneumonitis, pulmonary fibrosis and bronchial stricture were 

most frequently reported at 24 months. 

3.5.2. Treatment modalities. 
In those receiving concurrent chemo-radiotherapy, cough particu

larly improved at 24 months, whereas dyspnea deteriorated gradually 
(Appendix 4.). Chest wall pain mainly deteriorated within the first 12 
months. Radiation-dermatitis and esophagitis were mostly acute. 
Dysphagia was mainly short-term, but for those with pre-treatment 
dysphagia, it improved increasingly. Pneumonitis was mostly reported 

 

30
32
35

21

43
33

18
17

24
21

14
23

30
23
22
25

29
26

19
22

28
32

25
20

60
58
50

67

57
52

64
64

48
55

60
54

60
70

67
63

55
59

57
59

50
49

58
60

10
10

15
12

15
18
19

28
24
26
23

10
7

11
12

16
15

24
19

22
19
17

20

0% 20% 40% 60% 80% 100%

24 months (n=10)
12 months (n=31)
6 months (n=52)
3 months (n=57)

24 months (n=7)
12 months (n=27)
6 months (n=33)
3 months (n=42)

24 months (n=29)
12 months (n=75)
6 months (n=107)
3 months (n=137)

24 months (n=40)
12 months (n=77)
6 months (n=83)
3 months (n=99)

24 months (n=31)
12 months (n=73)
6 months (n=108)
3 months (n=124)

24 months (n=18)
12 months (n=59)
6 months (n=92)

3 months (n=118)

O
nl

y 
R

T
Se

qu
en

tia
l

C
T-

R
T

C
on

cu
rr

en
t

C
T-

R
T

SB
R

T
IM

R
T

3D
-C

R
T

M
ul

tim
od

al
ity

 tr
ea

tm
en

t  
   

   
   

   
R

ad
io

th
er

ap
y 

te
ch

ni
qu

e

Figure 2A. HRQoL

Deterioration Stable Improvement

30
37

41
37

29
38

19
24

34
28

18
31

40
43

31
28

41
34

29
32

27
39

26
29

50
46
37
46

71
50

53
55

45
47

62
47

47
48

52
54

41
47

45
45

55
42

58
52

20
17

22
17

12
28

21

21
25

20
22

13
9

17
18

18
19

24
23

17
19
16

19

0% 20% 40% 60% 80% 100%

24 months (n=10)
12 months (n=31)
6 months (n=52)
3 months (n=57)

24 months (n=7)
12 months (n=27)
6 months (n=33)
3 months (n=42)

24 months (n=29)
12 months (n=75)
6 months (n=107)
3 months (n=137)

24 months (n=40)
12 months (n=77)
6 months (n=83)
3 months (n=99)

24 months (n=31)
12 months (n=73)
6 months (n=108)
3 months (n=124)

24 months (n=18)
12 months (n=59)
6 months (n=92)

3 months (n=118)

R
T 

al
on

e
Se

qu
en

ta
il

C
T-

R
T

C
on

cu
rr

en
t

C
T-

R
T

SB
R

T
IM

R
T

3D
-C

R
T

Figure 2B. Physical functioning

Deterioration Stable Improvement

30
23

30
25

29
31

28
31

31
21

17
23

18
26
25
27

36
21

27
26

33
29

24
25

50
37

37
52

57
58

53
5

35
48

48
46

72
49
51
51

45
58

43
51

34
42
51
48

20
40

33
23

14
11

19
19

34
31

34
31

10
25
24
22

19
21

30
23

33
29
25
27

0% 20% 40% 60% 80% 100%

24 months (n=10)
12 months (n=31)
6 months (n=52)
3 months (n=57)

24 months (n=7)
12 months (n=27)
6 months (n=33)
3 months (n=42)

24 months (n=29)
12 months (n=75)
6 months (n=107)
3 months (n=137)

24 months (n=40)
12 months (n=77)
6 months (n=83)
3 months (n=99)

24 months (n=31)
12 months (n=73)
6 months (n=108)
3 months (n=124)

24 months (n=18)
12 months (n=59)
6 months (n=92)

3 months (n=118)

R
T 

al
on

e
Se

qu
en

tia
l C

T-
R

T
C

on
cu

rr
en

t
C

T-
R

T
SB

R
T

IM
R

T
3D

-C
R

T
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Fig. 2. Overviews of meaningful clinical important differences (deteriorations and improvements) over time in overall HRQoL and its domains per treat
ment approach. 
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at 6 months. Among those receiving sequential chemo-radiotherapy, 
dyspnea improved over time, except for at 24 months. Pneumonitis 
was particularly seen at 6 months as is seen in those receiving concur
rent treatment. Among stage II/III patients receiving radiotherapy 
alone, cough deteriorated gradually, except for at 24 months. Chest wall 
pain and dyspnea improved less over time, with progressively more 
deterioration in chest wall pain. Whereas more fibrosis was reported, 
less bronchial stricture and myocardial infarction was seen over time. 

Similar figures per disease stage can be found in Appendix 5. 

4. Discussion 

This study explores HRQoL and treatment-related toxicity in lung 
cancer patients undergoing radiation therapy with curative intent. 
Research has been done previously on HRQoL and side effects in this 
patient population, but primarily in the context of randomized 
controlled trials and experimental studies [24–27]. The strength of the 
REQUITE study is the prospective collection of a large set of data in daily 
clinical practice. This multinational database constitutes patient- 
reported HRQoL and clinician-reported toxicity data of ES- and LA- 
NSCLC patients with different disease stages receiving different radio
therapy techniques from academic centers throughout Europe and the 
United States. 

HRQoL data in this study were collected using PROMs (EORTC QLQ- 
C30). PROMs are standardized, validated tools that capture data from 
the patients’ perspective on their wellbeing and functioning [28–29]. 
The benefits of PROMs have been extensively described: amongst others, 
PROMs can aid in early detection of relapse and health deterioration and 
promote communication between patients and healthcare practitioners 
[28–32]. As such, PROMs are expected to be sensitive enough to grasp 
the long-term impact of radiotherapy [33]. 

Several studies have shown that following symptoms, toxicity and 
HRQoL through web-based PROM collection can result in substantial 
clinical benefits in individual cancer patients, such as improved survival 
and HRQoL [34–37]. However, only collecting electronic PROM data 
with symptom monitoring and providing feedback is not enough to 

achieve these benefits. To improve patient-centered care [38], support 
services are needed, including patient engagement and encouragement 
to participate in the intervention, an email alert system, tele-care ser
vices as well as dedicated symptom management care. One such project 
is the PROMPT-Care (Patient Reported Outcome Measures for Person
alized Treatment and Care) intervention [39]. Patients are followed 
through a web-based assessment tool evaluating physical and psycho- 
social wellbeing. Based on algorithms, alerts inform the health care 
team to undertake action. Furthermore, personalized feedback and self- 
care advice is provided to the individual patients. 

The results of this study show substantial pre-radiotherapy differ
ences within the patient population in both functioning and symptom 
burden. Whereas those with ES-NSCLC and receiving SBRT reported the 
lowest physical functioning, most dyspnea and least pain, those 
receiving 3D-CRT for LA-NSCLC had the highest physical functioning, 
least dyspnea, but the most pain. This could be explained by the fact that 
ES-NSCLC patients, ineligible for surgery and therefore receiving SBRT, 
tend to be older, have more comorbidities, are less fit with lower base
line HRQoL than those suitable for surgical interventions [40]. LA- 
NSCLC patients receiving sequential chemo-radiotherapy experienced 
less cough and pain than those receiving either concurrent treatment or 
radiotherapy alone. It should be mentioned that baseline data of patients 
were only collected before radiotherapy, thus neglecting the potential 
impact of previous surgery and/or chemotherapy. Yet, the SOCCAR 
study, where data was collected before chemotherapy, showed no pre- 
treatment differences in HRQoL between patients receiving sequential 
and concurrent chemo-radiotherapy [41]. This may suggest that 
chemotherapy given prior to radiotherapy already reduces symptom 
burden. 

Additionally, in this study LA-NSCLC patients receiving radiotherapy 
without chemotherapy reported the highest social functioning, but aside 
from this, there seems to be no consistency as to which patient group 
scores best or worst in overall wellbeing and functional HRQoL domains 
pre-radiotherapy. 

In this study, both statistical significance and MCIDs were reported. 
Applying MCIDs, patient-derived scores that reflect changes in outcomes 
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that are important to the patient, is common practice in HRQoL research 
[42–45]. Certain patients may still experience clinical improvement or 
deterioration even if no statistical significance is found for the entire 
population. Moreover, statistical significance is no guarantee that pa
tients perceive clinical impact. Therefore, to promote patient-centered 
care it is important to include individual patient experiences. MCID 
scores allow us to identify the proportion of patients experiencing 

meaningful changes in treatment outcome. In this study, for example, no 
statistically significant difference was found in physical functioning (p 
=.580) over time. However, respectively 39% and 38% of patients re
ported a meaningful clinically important deterioration in physical 
functioning at 12 and 24 months after the start of radiotherapy, while 
15% and 15% improved. In line with this, toxicity was calculated by 
subtracting baseline scores to distinguish between treatment-induced 
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toxicity and improvement of pre-radiotherapy symptoms. While this is 
less common practice, this approach has previously been used in 
research on the evaluation of dyspnea following high-dose radiotherapy 
[46]. 

Our results show no significant impact of radiotherapy on overall 
HRQoL and its domains over time for the entire population, except for 
cognitive functioning, which significantly deteriorates with time. Pre
vious research in ES-NSCLC already showed that radiotherapy in general 
has no impact on HRQoL, apart from an improved emotional functioning 
in those receiving SBRT [24,47]. However, a more pronounced decline 

in physical functioning and increase in dyspnea was reported in patients 
receiving 3D-CRT compared to SBRT for ES-NSCLC, emphasizing the 
importance of advanced radiotherapy techniques in that study [47]. 

In contrast to the lack of impact on the entire population, looking at 
the individual patient level using MCIDs, it becomes obvious that a large 
percentage of patients experiences a meaningful decline in HRQoL over 
time. In particular, physical and cognitive functioning are negatively 
affected. Apart from a deterioration related to the evolution of the dis
ease itself, this suggests that radiotherapy may have long-term negative 
effects on HRQoL in at least a proportion of the population. This is in line 
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with the results of the RTOG 0617 dose-escalation study. The study 
showed that 46.4% and 21.1% of patients receiving 3D-CRT and IMRT 
respectively had a clinically meaningful decline in HRQoL at 12 months 
post-treatment, while the clinician-reported toxicity profiles showed 
only minor differences between the two radiotherapy techniques (less 
severe pneumonitis and lower cardiac doses with IMRT) [26]. Since 
IMRT led to less of a decline in HRQoL compared to 3D-CRT, routine use 
of IMRT in LA-NSCLC was recommended. In our study, smaller mean
ingful declines in overall HRQoL were observed between IMRT and 3D- 
CRT (26% versus 32% respectively), also favouring IMRT. 

Similarly, our results show that although overall toxicity does not 
significantly differ over time, several radiotherapy-related toxicities 

gradually decrease, whereas others increase. The typical acute toxicities, 
such as radiation-dermatitis, dysphagia and esophagitis, appear around 
3 months after initiation of radiotherapy and decrease over time, mostly 
disappearing completely; whereas late toxicities, including radiation 
pneumonitis, fibrosis, bronchial stricture and pericarditis may persist for 
years post-radiotherapy. This is in line with the nature of radiotherapy 
side effects, with acute side effects occurring during or shortly after 
radiotherapy, while late toxicities gradually emerge in the months after 
therapy and may evolve till years after treatment. 

Lung cancer is characterized by a high symptom burden and pres
ence of co-morbidities. More than half of the patients reported cough 
(54%) and dyspnea (63%) at baseline. Radiotherapy aims to alleviate 
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tumor-related symptoms, which was observed in 20% and 23% of pa
tients, in which cough and dyspnea respectively improved at three 
months. 

As it is not always easy to differentiate between pre-existing symp
toms and side effects, it may also be hard to disentangle the impact of 
tumor stage and treatment-related approach. As such, even if patients 
receiving concurrent chemo-radiotherapy report toxicity, they seem to 
experience better HRQoL than those receiving radiotherapy alone. This 
could be explained by the fact that patients eligible for concurrent 

chemo-radiotherapy are generally in better physical health, and have 
higher baseline physical and social functioning, as shown by our data. 
Early-stage patients, ineligible for surgery due to comorbidities and poor 
PS, conversely, have lower baseline physical functioning than LA-NSCLC 
receiving radiotherapy with(out) chemotherapy, predetermining them 
for a larger impact of toxicity on their HRQoL. 

Current radiotherapy research focuses on limiting dose to organs at 
risk (such as parotid gland in head and neck cancers and heart in lung 
cancer) thus reducing side effects and negative impact on HRQoL. As 
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such, dose-volume based prognostic models are developed, predicting 
the potential clinical benefit or toxicity of a given radiotherapy inter
vention for a specific patient, thus individualising treatment strategies. 
This model-based approach has been accepted as the method to generate 
evidence for proton therapy in the Netherlands [48–50]. To date, 
prognostic models have been developed for head-and-neck, breast and 
lung cancer. Providing more insight into and a repository of side effects 
and HRQoL in different cancer populations, in view of validating models 
and biomarkers that predict the risk of toxicity following radiotherapy, 
was the primary objective of the REQUITE study. 

A limitation of this study is the use of the EORTC QLQ-C30 ques
tionnaire without the specific lung cancer module (QLQ-LC13) [51]. The 

EORTC QLQ-C30 is the core questionnaire covering general aspects of 
HRQoL, whereas the lung cancer module measures additional disease- 
and treatment-related symptoms. After the launch of the REQUITE 
study, the QLQ-LC13 was updated resulting in an elaborated module 
(QLQ-LC29), including toxicities and symptoms related to novel treat
ments and diagnostic methods [52]. The EORTC recommends using both 
the core and disease-specific questionnaires [53]. However, an alter
native PROM was used to assess lung cancer symptoms [54]. In addition, 
HRQoL data were obtained directly from the patients, whereas toxicities 
were scored by physicians. This may have generated some in
consistencies [55]. Clinicians tend to underreport symptoms, particu
larly more subjective symptoms [56]. Therefore, it is recommended to 
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collect both HRQoL and toxicity with PROMs. 
Another limitation of this study, was the patient-drop out, particu

larly because of death and health deterioration. Missing data is a 
frequently encountered problem in longitudinal thoracic oncology trials 
[57,13]. Particularly, patients with poor baseline health and HRQoL are 
more likely to drop-out. This may have caused bias and limited the 
generalizability [14]. Therefore, it could be that the data of this article 
are mainly applicable to lung cancer patients with better prognosis and 
HRQoL and less symptomatology. However, being a real-world study, it 
was expected that those with poorer baseline data would be more likely 
to discontinue the study. To compensate for this, the mixed model 
method was applied in the analysis, as this approach is capable of 
dealing with missing data, to optimize internal validity and generaliz
ability [58]. 

In conclusion, the results of this analysis suggest that radiotherapy 
can cause acute and late toxicity and may negatively impact HRQoL. In 
contrast, baseline HRQoL and tumor-related symptoms may also 
improve in other patients. This further highlights the importance of 
personalized treatment approaches and to consider both therapy side 
effects and impact on HRQoL to improve patient-centered decision- 
making. 
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