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ABSTRACT 
Background: Adenocarcinoma (AC) and squamous cell carcinoma (SCC) are the most frequent histo
logical subtypes of non-small cell lung cancer (NSCLC). The aim of this study was to investigate how 
patients with AC and SCC benefit from image-guided adaptive radiotherapy (ART) with tumour match.
Material and methods: Consecutive patients diagnosed with AC or SCC of the lung treated with 
definitive chemo-radiotherapy before and after the implementation of ART and tumour match were 
retrospectively included for analyses. Data collection included baseline patient and treatment charac
teristics in addition to clinical data on radiation pneumonitis (RP), failure, and survival. Patients were 
divided into four categories based on their histology and treatment before (n¼ 173 [89 AC and 84 
SCC]) and after implementation of ART (n¼ 240 [141 AC and 99 SCC]).
Results: Median follow-up was 5.7 years for AC and 6.3 years for SCC. Mean lung dose decreased for 
both histologies with ART, whereas mean heart dose only decreased for patients with AC. Incidences 
of grade 3 and 5 RP decreased for both histologies with ART. Loco-regional failure (LRF) rates 
decreased significantly for patients with SCC after ART (p¼ .04), no significant difference was observed 
for AC. Overall survival (OS) increased significantly for SCC after ART (p< .01): the 2-year OS increased 
from 31.0% (95% confidence interval [CI] [22.5–42.6]) to 54.5% (95% CI [45.6–65.3]). No significant 
effect on OS was observed for patients with AC.
Conclusion: ART and tumour match in the radiotherapeutic treatment of patients with locally 
advanced NSCLC primarily led to decreased LRF and improved OS for patients with SCC.
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Background 

Lung cancer is the leading cause of cancer-related deaths 
worldwide [1]. Pathologically, lung cancer is subdivided into 
small cell lung cancer and non-small cell lung cancer 
(NSCLC) [2]. NSCLC accounts for approximately 85% of all 
lung cancer cases, with adenocarcinoma (AC) and squamous 
cell carcinoma (SCC) as the most frequent subtypes [3,4]. 
Regardless of subtype, the standard of care for all patients 
with non-resectable locally advanced NSCLC is combined 
chemo-radiotherapy (cCRT) [5,6]. However, AC and SCC differ 
both anatomically and aetiologically. While both subtypes 
are highly related to tobacco exposure, SCC is typically 
placed in the proximal part of the lungs, while AC is typically 
placed in the distal part of the lungs [7] and more common 
in female and younger patients [8]. Furthermore, the micro
scopic extension, and expression of different oncogenetic 
drivers, such as EGFR mutations and ALK rearrangements, 
vary between the two histologies [9,10]. It may therefore not 
be surprising that recent studies indicate a difference in 

patterns of failure after cCRT for locally advanced disease 
[11,12]: patients with AC seem to be more prone to distant 
failure while patients with SCC appear more prone to loco- 
regional failure (LRF). Thus, the effect of changes in a local
ized treatment, such as radiotherapy, might differ between 
SCC and AC.

During the last decades, radiotherapy techniques in the 
treatment of locally advanced NSCLC have evolved drastic
ally. Modern-day state-of-the-art precision radiotherapy tech
niques include image-guided and intensity-modulated 
radiotherapy with adaptive strategies. In 2013, daily online 
tumour match in combination with an adaptive radiotherapy 
(ART) strategy was implemented at Aarhus University 
Hospital, simultaneously increasing treatment precision and 
decreasing treatment volumes as well as unnecessary doses 
to lungs and heart [13]. We have previously shown improve
ment in both progression-free survival (PFS) and overall sur
vival (OS) in a cohort of 439 patients with locally advanced 
NSCLC, including both SCC and AC [14].
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The aim of this current study is to investigate how 
patients with AC and SCC benefit from increased precision in 
local treatment, here exemplified by image-guided treatment 
with tumour match and an adaptive treatment strategy.

Material and methods

Patients

Consecutive patients diagnosed with locally advanced NSCLC 
treated with definitive cCRT at Aarhus University Hospital 
between 2010 and 2018 were retrospectively included in 
analyses (n¼ 439). Inclusion criteria were treatment with 
curative intended cCRT with homogenous doses ranging 
from 50 to 66 Gy in 25–33 fractions. Patients with stage I–II 
disease not eligible for surgery or stereotactic body radiation 
therapy (SBRT) were included as well as patients with stage 
IV oligometastatic disease who were treated prior to or sim
ultaneously with cCRT with either surgery or SBRT. This 
cohort has been described extensively in a previous publica
tion [14], including details on patient and treatment charac
teristics and the retrospective collection of these. Patients 
who did not have a pathologically proven diagnosis of either 
SCC or AC were excluded from this study (n¼ 26), leaving 
413 patients for final analysis: 173 patients treated before 
(pre-ART), and 240 patients treated after (ART) the implemen
tation of the tumour match and ART strategy in April 2013.

Staging and treatment

All patients were staged based on a diagnostic fluorine-18 
fluorodeoxyglucose positron emission tomography (18F-FDG- 
PET)-CT scan and endobronchial ultrasonography (EBUS). 
Patients had pathologically verified diagnoses by biopsy of 
tumour and/or potential malignant lymph nodes and all 
patients were staged and treated independently of their 
histopathology. Chemotherapy consisted of either cisplatin 
or carboplatin in combination with vinorelbine on days 1 
and 8 in each cycle. Chemotherapy was given either sequen
tially or, for the majority of patients, concomitantly with 
radiotherapy. However, a minor proportion of patients did 
not receive chemotherapy (Table 1). If concomitant chemo
therapy was administered, radiotherapy was usually initiated 
on the first day of the second cycle of chemotherapy.

Radiotherapy planning was performed using Eclipse (Varian 
Medical Systems). Before ART, clinical target volume (CTV) was 
created by an isotropic expansion of the gross tumour volume 
(GTV) by 5 mm, corrected for bones and large blood vessels. 
The internal target volume (ITV) was performed by an expan
sion of the CTV by 5 mm left–right (LR), 5 mm anterior–poster
ior (AP), and 10 mm craniocaudal (CC) to account for 
respiratory motion. The ITV was further expanded 5 mm LR, 
5 mm AP, and 8 mm CC to create the planning target volume 
(PTV). In the ART group, respiration was accounted for by 
transferring the mid-ventilation-defined GTV to every phase of 
the respiratory cycle on the 4D-CT to generate an internal GTV 
(iGTV) as the sum of all phases. Subsequently, the CTV was 
created by an isotropic expansion of 5 mm, corrected for 

bones and large vessels. The PTV was created by an expansion 
of the CTV by 4 mm LR, 4 mm AP, and 5 mm CC for primary 
tumour, while margins of 7 mm LR, 7 mm AP, and 8 mm CC 
were applied for the lymph nodes. Same margins were 
applied for SCC and AC before and after ART.

Dose was delivered normofractionated with 2 Gy/fraction/5 
weekly fractions. All patients had daily cone beam computed 
tomography (CBCT) scans performed prior to treatment. In the 
pre-ART group, patients were positioned by a match on the thor
acic vertebrae while patients in the ART group were positioned 
based on a match on tumour volumes. As part of the adaptive 
strategy in the ART group, radiotherapists (RTTs) performed sys
tematic daily evaluation of the CBCT for anatomical changes. 
Treatment was adapted by performing a new CT and treatment 
plan in case anatomical changes had clinically relevant impact on 
the dose distribution (loss of target coverage or increased dose 
to organs at risk). A schematic and detailed overview of how the 
adaptive treatment strategy was performed is published in previ
ous work [13,14]. A stepwise learning programme qualified all 
RTTs to manage ART in the clinic [15].

Retrospective data collection

Data collection was approved by the Danish Data Protection 
Agency and the Danish National Board of Health (3-3013- 
2756/1). In addition to the previously reported data collec
tion [14], data on the administration of immunotherapy at 
relapse were considered for the current report. The role of 
immunotherapy in the treatment of NSCLC has drastically 
evolved during the study period [16,17], and hence a retro
spective review of pharmacological registries and electronic 
patient files was performed to collect additional relevant 
data. Table 1 shows patient- and treatment characteristics. If 
GTV was not available, CTV was used (n¼ 8).

Index date was the first day of radiotherapy. Date of failure 
was defined as the date of the first scan where failure was 
detected and clinically confirmed. Failures were classified as 
either loco-regional, distant, or simultaneous loco-regional and 
distant failure. If patients did not experience failure, they were 
either classified as alive without failure or dead with no evi
dence of disease (DNED). Patients were censored for further 
failure analysis after first failure. Radiation pneumonitis (RP) 
during treatment and follow-up was scored using the 
Common Terminology Criteria for Adverse Events (CTCAE) ver
sion 3.0 grading system. The maximum score of RP in the fol
low-up period was noted.

Analysis

The cohort was subdivided into four groups prior to analyses 
based on their treatment period (pre-ART or ART) and hist
ology (AC or SCC). All data were analysed using R version 
4.2.2 for statistical analyses. Results are reported with a 95% 
confidence interval (95% CI) and p-values of .05 or less were 
considered statistically significant. Patient- and treatment char
acteristics were compared between groups using Pearson’s 
chi-square test (two-sided) for categorical variables and Mann– 
Whitney U tests for continuous variables. OS, LRF, and fatal RP 
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were analysed using Kaplan–Meier (KM) estimates (1 minus 
the KM estimates for LRF and fatal RP) and log-rank tests for 
differences between groups. Cox proportional hazards regres
sion for OS was performed for each histology, including pre- 
specified factors assumed to impact outcome: performance 
status (PS), stage, age, volume of GTV, chemotherapy (con
comitant vs. sequential or no chemotherapy), mean lung dose 
(MLD), mean heart dose (MHD), and ART vs. no-ART as factors. 
Assumption of proportional hazards was checked by visual 
inspection of the Schoenfeld residuals.

Cox proportional hazards models for LRF were performed 
for each histology, including stage, chemotherapy, volume of 
GTV, and ART vs. no-ART. In the LRF analysis, both LRF alone 
and simultaneous loco-regional and distant failure counted 
as an event of LRF.

Results

Median follow-up was 5.7 years for AC (95% CI [5.1–7.0]) and 
6.3 years for SCC (95% CI [5.7–7.7]), estimated by reverse KM. 

Baseline patient and treatment characteristics are presented in 
Table 1. In total, 230 patients with AC and 183 patients with 
SCC were included. Baseline patient characteristics were 
equally distributed for each histology before and after the 
implementation of ART. Treatment evolved significantly during 
the period of the study. Thus, for both histology subtypes, the 
use of concomitant chemotherapy increased significantly after 
the introduction of ART. As a result of reduced PTV margins in 
the ART group, MLD was significantly reduced in the ART 
group for both histologies (with no significant difference in 
GTV volumes). For patients with AC, MHD was significantly 
reduced after implementing ART. Significantly more SCC 
patients in the ART group received radiotherapy with 66 Gy 
rather than 60 Gy compared to SCC in the pre-ART group. The 
proportion of patients receiving immunotherapy as relapse 
treatment in the ART group was higher for SCC than AC 
(14.1% vs. 9.2%), however, the difference was non-significant 
(Pearson’s chi-square p-value¼ .235).

Although the OS time increased for patients with AC after 
ART, the difference was non-significant (p¼ .31) (Figure 1(A)). 
There was, however, a significant increase of OS after ART for 

Table 1. Patient and treatment characteristics.

Patient characteristics Adenocarcinoma
Squamous cell 

carcinoma
Missing Pre-ART (n¼ 89) ART (n¼ 141) p-value Pre-ART (n¼ 84) ART (n¼ 99) p-value

Gender, n (%) 0 .538 .652
Male 39 (43.8%) 56 (39.7%) 66 (78.6%) 75 (75.8%)
Female 50 (56.2%) 85 (60.3%) 18 (21.4%) 24 (24.2%)

Performance status, n (%) 0
0 44 (49.4%) 49 (34.8%) .085 26 (31.0%) 34 (34.3%) .538
1 37 (41.6%) 77 (54.6%) 48 (57.1%) 49 (49.5%)
2 8 (9.0%) 15 (10.6%) 10 (11.9%) 16 (16.2%)

Stage, n (%) 0
I 0 (0%) 3 (2.1%) .763 1 (1.2%) 4 (4.0%) .1
II 10 (11.2%) 16 (11.3%) 15 (17.9%) 26 (26.3%)
IIIA 37 (41.6%) 63 (44.7%) 29 (34.5%) 41 (41.4%)
IIIB 32 (36.0%) 47 (33.3%) 34 (40.5%) 27 (27.3%)
IV 8 (9.0%) 10 (7.1%) 4 (4.8%) 1 (1.0%)
R1 2 (2.2%) 2 (1.4%) 1 (1.2%) 0 (0%)

Age (years) 0
Median (IQR) 63 [57.5–70.5] 66 [59.5–71] .081 67.5 [64–74] 69 [64–75] .489

GTV volume (mL) 0
Median (IQR) 48.47 [14.16– 

94.98]
45.97 [20.93– 

94.53]
.595 69.97 [34.53– 

122.16]
65.88 [33.2– 

117.24]
.591

Treatment characteristics
Chemotherapy, n (%) 0

No 5 (5.6%) 12 (8.5%) <.01 9 (10.7%) 20 (20.2%) <.01
Concomittant 60 (67.4%) 118 (83.7%) 54 (64.3%) 70 (70.7%)
Sequential 24 (27.0%) 11 (7.8%) 21 (25.0%) 9 (9.1%)

Dose (Gy), n (%) 0
50 1 (1.1%) 2 (1.4%) .867 0 (0%) 3 (3.0%) .033
60 18 (20.2%) 30 (21.3%) 29 (34.5%) 20 (20.2%)
64 0 (0%) 1 (0.7%) 0 (0%) 0 (0%)
66 70 (78.7%) 108 (76.6%) 55 (65.5%) 76 (76.8%)

PTV volume (mL) 0
Median (IQR) 415.93 [270.94– 

603.07]
273.75 [184.96– 

418.78]
<.01 507.03 [317.97– 

696.83]
275.57 [162.82– 

391.21]
<.01

Mean lung dose (Gy) 0
Median (IQR) 16.68 [11.75– 

19.33]
12.76 [9.49– 

15.42]
<.01 16.39 [10.86– 

19.01]
11.88 [8.47– 

14.22]
<.01

Mean heart dose (Gy) 0
Median (range) 7.15 [1.5–15.0] 3.72 [1.05–9.47] <.01 8.16 [2.91–14.34] 6.98 [1.76–11.89] .205

Relapse treatment with  
immunotherapy

Yes, n (%) 0 1 (1.1%) 13 (9.2%) .01 2 (2.4%) 14 (14.1%) <.01

p-values were calculated using Pearson’s chi-square test for categorical values and Mann–Whitney U test for continuous variables. ART: adaptive radiotherapy; 
R1: residual microscopic disease after resection; IQR: interquartile range; GTV: gross tumour volume; Gy: gray; PTV: planning target volume.
Bold indicates significant p-values.
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patients with SCC (p< .01): the 2-year OS increased from 
31.0% (95% CI [22.5–42.6]) to 54.5% (95% CI [45.6–65.3]) 
(Figure 1(B)). In the Cox proportional hazards model, factors 
influencing OS differed between AC and SCC. For AC, only 
GTV was a significant factor influencing OS (Table 2). For 
SCC, ART, GTV, MLD, and PS all showed a significant impact 
on OS (Table 2). For both AC and SCC, the effect of MHD on 
OS was insignificant.

Regarding fatal RP, incidence of grade 5 pneumonitis was 
significantly reduced from the pre-ART group to the ART 
group for both AC (p¼ .01) and SCC (p¼ .02) (KM estimates, 
log-rank test). In crude numbers, four patients with AC 
(4.5%) and six patients with SCC (7.1%) experienced grade 5 
pneumonitis pre-ART. After implementing ART, no patients 
with AC and one patient with SCC (1.0%) experienced grade 
5 pneumonitis. Additionally, incidences of grade 3 pneumon
itis were significantly reduced from the pre-ART group to the 
ART group for both AC (p< .01) and SCC (p¼ .01) (KM esti
mates, log-rank test) (Figure 2(A and B)).

The log-rank estimated differences in LRF pre-ART and 
after ART were non-significant for AC (p¼ .62) but improved 

significantly for patients with SCC after ART (p¼ .044): 2-year 
freedom from LRF increased from 32.8% (95% CI: [22.6–47.7]) 
pre-ART to 42.3% (95% CI: [33.1–54.2]) after ART for SCC. The 
KM estimates for LRF before and after ART stratified by hist
ology are presented in Figure 3(A and B). In the univariate 
Cox regression model of LRF for SCC, ART showed a signifi
cant protective effect (HR: 0.668, 95% CI [0.45–0.992], 
p¼ .045). The effect size was maintained in the multivariable 
Cox regression model, although with only borderline signifi
cance (HR: 0.679, 95% CI [0.445–1.036], p¼ .073). GTV 
showed a significant correlation for LRF for both patients 
with AC and SCC in the multivariate Cox regression model 
(see Table 3).

Discussion

As shown in previous work [14], PFS and OS improved sig
nificantly with the introduction of ART and tumour match in 
the radiotherapeutic treatment of patients with locally 
advanced NSCLC. In this study, we show that patients with 
SCC mainly drive the effect, while OS for patients with AC 

Figure 1. Overall survival (OS) for patients divided by histopathology before (pre-ART) and after (ART) the implementation of adaptive radiotherapy. No significant 
improvement of 2-year OS for adenocarcinomas (AC) from 53.9% (95% CI [44.5%:65.4%]) to 58.9% (95% CI [51.3%:67.6%]) was observed (A). Meanwhile, 2-year OS 
for squamous cell carcinomas (SCC) increased significantly from 31% (95% CI [22.5%:42.6%]) to 54.5% (95% CI [45.6%:65.3%]) (B).

Table 2. Multivariate Cox proportional hazards model for overall survival for each histology.

Variable Unit Adenocarcinoma HR [95% CI], p-value Squamous cell carcinoma HR [95% CI], p-value

ART ART vs. pre-ART 0.876 [0.626–1.226], p¼ .44 0.683 [0.478–0.978], p5 .037
GTV Per mL increase 1.003 [1.0–1.005], p5 .026 1.004 [1.001–1.006], p< .01
Chemotherapy Concomitant vs. sequential or no 0.841 [0.571–1.238], p¼ .379 0.715 [0.495–1.032], p¼ .073
MHD Per Gy increase 1.001 [0.977–1.024], p¼ .961 1.001 [0.973–1.029], p¼ .962
MLD Per Gy increase 1.024 [0.98–1.07], p¼ .282 1.057 [1.008–1.108], p5 .023
PS 0 vs. 1 or 2 0.94 [0.684–1.293], p¼ .705 0.617 [0.432–0.884], p< .01
Age Years 1.016 [0.997–1.035], p¼ .106 1.003 [0.982–1.024], p¼ .798
Stage �II vs. IIIA 0.861 [0.517–1.432], p¼ .564 1.204 [0.738–1.964], p¼ .457

�IIIB vs. IIIA 1.344 [0.96–1.88], p¼ .0847 1.383 [0.928–2.06], p¼ .111

HR: hazard ratio; CI: confidence interval; ART: adaptive radiotherapy; GTV: gross tumour volume; MHD: mean heart dose; Gy: gray; MLD: mean lung dose.
Bold indicates significant p-values.

ACTA ONCOLOGICA 1429



remains unchanged. This difference between SCC and AC is 
observed both for survival and LRF, and it seems therefore 
probable that the increased OS for SCC after ART is a direct 
consequence of improved loco-regional control for this 
patient group.

There are many possible explanations for this. The ART 
and tumour match strategy has been shown to improve 

treatment precision and ensure target coverage [13]. The dif
ferences in pattern of failure between SCC and AC, described 
for patients with NSCLC treated with both cCRT [11,12], sur
gery, or SBRT [18–20], were observed in our data as well 
(Figure 3(A and B)). Since patients with SCC are more likely 
to experience loco-regional recurrence, and we observe a 
large reduction in LRF as well as increase in OS in the same 

Figure 2. Kaplan–Meier curves showing incidences of radiation pneumonitis (RP) grade 3 or higher. Incidences declined significantly after implementing an adap
tive strategy (ART) for both patients with adenocarcinoma (AC) (A) and squamous cell carcinoma (SCC) (B).

Figure 3. Loco-regional failure (LRF) for patients divided by histopathology (AC: adenocarcinoma; SCC: squamous cell carcinoma) before (pre-ART) and after (ART) 
the implementation of ART. Two-year freedom from LRF was 62.4% (95% CI: [51.0–76.3] for AC pre-ART and 52.9% (95% CI [43.6–64.2]) for AC after ART (A). For 
SCC, 2-year freedom for LRF was 32.8% (95% CI [22.6–47.7]) pre-ART and 42.3% (95% CI [33.1–54.2]) (B).
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patient group, it is possible that patients with SCC simply 
benefit more from the increased local treatment precision 
provided by ART than patients with AC.

Apart from increased treatment precision, other obvious 
benefits resulting from introducing ART that might influence 
OS, such as reduced dose to normal tissue and a resulting 
reduction in toxicity, should also be considered. Although we 
observe a significant reduction in MLD and RP with ART and 
tumour match [13,14], the slight difference in lethal RP 
before and after ART cannot explain the advantage of ART 
for patients with SCC in our study. MHD was not significantly 
reduced for patients with SCC after ART, likely because 
tumours with SCC histology tend to be placed in the central 
part of the lungs and hence closer to the mediastinum and 
heart. Since the SCC group showed no reduction of MHD 
but an increase in OS, while the AC group presented a sig
nificant reduction of MHD and no significant increase in OS, 
the results suggest that the correlation between high cardiac 
dose and high mortality risk found in some studies [21,22] 
might not be straightforward – or that the cardiac doses in 
this study for all groups were too low to have an effect on 
OS (Table 1).

A significantly higher proportion of SCC patients in the 
ART group received 66 Gy rather than 60 Gy. Nevertheless, it 
seems unlikely that the total extra dose of 6 Gy to a higher 
proportion of patients could solely explain the significantly 
improved OS for patients with SCC after the introduction of 
ART. This is supported by the Danish randomized phase II 
NARLAL trial, where Hansen et al. showed that final doses of 
either 60 or 66 Gy resulted in similar rates of local control 
and OS [23]. However, baseline clinical information on 
tumour location and proportion of patients with T4 and N3 
disease could have further strengthened this study.

Treatment with immunotherapy for recurrences was 
administered significantly more in the ART group for both 
histologies. This treatment difference was inevitable, as treat
ment with immunotherapy was introduced late in the obser
vation period of this study (2015) and thus, more patients in 
the ART group were alive to receive immunotherapy when 
they experienced recurrent disease. We chose not to include 
immunotherapy in the Cox proportional hazards model for 
OS as the assumption of proportional hazards over time was 
not fulfilled. Including immunotherapy as a time-dependent 
variable was not straightforward, because the treatment was 
administered exclusively to patients who experienced recur
rent disease and thus introduced a strong selection bias. It is 
likely that the administration of immunotherapy as palliative 
treatment has an impact on the OS since it has been shown 
to increase median OS 3–8.7 months depending on the 

PD-L1 expression of the tumour [24,25]. However, since only 
a few patients in total received immunotherapy in this study 
(Table 1), it cannot explain the improvement of OS entirely. 
This is supported by the fact that relapse treatment with 
immunotherapy was administered to a comparable higher 
proportion of patients in the ART group for both SCC and 
AC, without resulting in a significantly improved OS for AC 
(Figure 1).

As the adaptive strategy and tumour match result in 
increased treatment precision with clear benefits by decreas
ing symptomatic and lethal RP as well as other factors previ
ously demonstrated to be associated with OS like MLD [26] 
and MHD [22,27], we do not recommend to omit ART and 
tumour match for patients with AC. Instead, results from this 
study should merely be interpreted as additional evidence 
that patients with NSCLC exhibit great variability in response 
to treatment. Sub-distributed histology may provide impor
tant informative data that could be missed with the general 
term NSCLC. Our results clearly demonstrate different 
responses to increased precision of radiotherapy, depending 
on histology. Although more studies are needed to support 
these findings, it is arguable whether the general term of 
NSCLC remains sufficient for this highly heterogeneous dis
ease in the future.

In conclusion, this study shows that although an adaptive 
strategy and tumour match in the radiotherapeutic treatment 
of patients with locally advanced NSCLC reduces RP for both 
histologies, decreased LRF and improved OS were primarily 
observed for patients with SCC.
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Table 3. Multivariate Cox proportional hazards model for loco-regional failure for each histology.

Variable Unit Adenocarcinoma HR [95% CI], p-value Squamous cell carcinoma HR [95% CI], p-value

ART ART vs. pre-ART 1.103 [0.708–1.718], p¼ .665 0.679 [0.445–1.036], p¼ .073
GTV Per mL increase 1.003 [1.0–1.005], p5 .038 1.004 [1.001–1.006], p< .01
Chemotherapy Concomitant vs. sequential or no 1.105 [0.617–1.979], p¼ .738 0.809 [0.516–1.268], p¼ .355
Stage �II vs. IIIA 0.862 [0.433–1.715], p¼ .672 0.92 [0.536–1.578], p¼ .761 

�IIIB vs. IIIA 1.241 [0.784–1.964], p¼ .358 1.524 [0.956–2.427], p¼ .076

HR: hazard ratio; CI: confidence interval; ART: adaptive radiotherapy; GTV: gross tumour volume.
Bold indicates significant p-values.
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