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ABSTRACT

Background: In peripheral lung tumours, stereotactic body radiotherapy (SBRT) is superior to conven-
tional RT. SBRT has also shown high loco-regional control (LC) in centrally located tumours, but there
is a high risk of severe toxicity. The STRICTSTARLung trial (NCT05354596) examines if risk-adapted
SBRT for central tumours is feasible. In this study, we examined overall survival (OS), Disease-free sur-
vival (DSF), LC, and toxicity in patients with central tumours that could have been candidates for SBRT
but received conventional RT.

Material and methods: Retrospectively, we evaluated 49 lung cancer patients that between 2008 and
2021 received RT (60-70Gy in 2Gy fractions) for a solitary tumour or lymph node with a diameter
<5cm located <2cm from the bronchial tree, oesophagus, aorta or heart. All tumours were patho-
logically verified; 30 were primary lung tumours (T1b-T4) and 19 were solitary lymph nodes (TON1-N2).
Chemotherapy was administered as concomitant (29) or sequential (4). OS and LC were analysed using
Kaplan Meier. Cox proportional hazards model for OS and disease-free survival (DFS) was performed
including tumour volume, histology, sex, T- vs N-site and chemotherapy. Toxicity was scored.

Results: In 42 patients, the tumour was located <1cm to mediastinum. Median follow-up time was
44 months (range: 7-123). The median OS was 51 months. OS at 1-, 3- and 5-year was 88% (SE:5), 59%
(SE:7) and 50% (SE:8). Loco-regional recurrences occurred in 16 patients resulting in 1-, and 3-year LC
rates of 77% (SE:6) and 64% (SE:8). The majority occurred within 3years after RT. Only stage showed
significant impact on OS and DFS. No patients experienced grade 4-5 toxicity. Seven patients devel-
oped grade 3 toxicity (5 oesophageal stenosis, 2 pneumonitis).

Conclusion: Conventional RT for patients with small central lung tumours or solitary lymph nodes is
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feasible. Median OS was 51 months, and toxicity was low with no grade 4-5 events.

Background

Non-small cell lung cancer (NSCLC) is one of the leading
causes of cancer-related deaths worldwide. The standard
treatment for inoperable locally advanced NSCLC patients is
concomitant chemo- and radiotherapy at 60-66 Gy/30-33
fractions. Despite an intensive treatment strategy with a risk
of severe toxicity [1-3], the five-year progression-free survival
(PFS) is as low as 20-30%, with ~30% of the patients experi-
encing loco-regional failure [4-9]. Small peripheral tumours
with a diameter <5cm may be treated with stereotactic
body radiotherapy (SBRT) delivering high doses in a few frac-
tions. Excellent local control rates above 80% after SBRT
have been shown in former studies [10-13]. However, a simi-
lar strategy for small centrally located tumours is challenging
due to the vicinity of critical organs at risk (OAR). Here, deliv-
ery of high biologically effective doses may result in
unacceptable rates of lethal toxicity [14-20]. An ongoing
Danish trial investigates the feasibility of risk-adapted SBRT

for central and ultra-central tumours (STRICTSTARLung
NCT05354596) [21]. The trial is based on strict dose limits for
the OARs being prioritized over target coverage.

In this retrospective study, we analyse LC, DFS, OS and
toxicity in small central lung tumours treated with conven-
tionally radiotherapy (RT). Tumours like these may prospect-
ively be candidates for SBRT in the STRICTSTARLung trial and
thus, this retrospective study may serve as an investigation
of the outcome of the standard treatment.

Materials and methods
Patient data

Between 2008 to 2021, 1100 patients with lung cancer were
treated with RT to 60-70Gy in 2-2.083 Gy/fraction at Aarhus
University Hospital. Of these, 49 either had a solitary primary
lung tumour or relapse after surgery in a solitary lymph
node target <5cm in diameter located centrally, i.e., within
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2cm of the bronchial tree, oesophagus, aorta or heart, see
Figure 1. All the patients in this study were considered not
suitable for SBRT because of tumour location. No tumour or
malignant lymph nodes were left untreated.

For all patients, staging was based on a diagnostic 18flu-
oro-deoxy-glucose positron emission tomography (18FDG-
PET) scan acquired simultaneously with a CT scan, and endo
bronchial ultrasonography (EBUS) including transbronchial
biopsy. Tumours were pathologically verified (21 squamous
cell carcinoma, 26 adenocarcinomas, 2 other), 30 were pri-
mary lung tumours (T1b-T4) and 19 were solitary lymph
nodes (TON1-N2). Four patients had a solitary brain metasta-
sis and were treated radically with surgery or SBRT of the
metastasis up front. The patients were treated with RT only
(16), concomitant (29), or sequential chemotherapy (4). The
chemotherapy consisted of a platinum derivate (carboplatin
AUC5 or cisplatin 75mg/m2) combined with vinorelbine
(60mg/m2day 1 and day 8 each cycle). When concomitant,
RT start coincided with the second cycle of chemotherapy.
Sequential chemotherapy was completed 2-4weeks before
RT start. None of the patients received adjuvant durvalumab.

Scanning, contouring and treatment planning

All patients underwent a free-breathing '®FDG PET-CT plan-
ning scan with 3 mm slice spacing and intravenous contrast.
The patients were positioned with both arms above the
head in a standard or individualized immobilisation device.
The CT-scan was performed as a time-resolved 4D-scan and
the mid-ventilation phase was selected for delineation and
treatment planning. For patients treated before April 2013 (8

Figure 1. Planning CT scans of solitary lung tumour (upper panel) and lymph
node target (lower panel). the GTVs are delineated in red.

patients), the gross tumour volume of the tumour (GTV-T) or
the lymph node (GTV-N) was uniformly expanded by 5mm
and corrected for bones and large vessels to create the clin-
ical target volume (CTV). CTV was further expanded by 5mm
(left-right, LR), 5mm (anterior-posterior, AP), 10 mm (cranio-
caudal, CC) to create the internal target volume (ITV). ITV
was expanded by 5mm (LR), 5mm (AP), 8mm (CC) into a
planning target volume (PTV). For patients treated after 2013
(42 patients), the GTV was delineated using the maximum
intensity projection thus accounting for respiratory tumour
motion [22,23]. The GTV was expanded to the CTV by an iso-
tropic 5mm margin and corrected for bones and large ves-
sels. PTV was formed by adding 4 mm (LR, AP) and5mm (CC)
[24]. Treatment planning was performed in Eclipse version 8-
16 (Varian Medical Systems) using AAA (37 patients) or
Acuros (13 patients) for dose calculation and either conven-
tional 3D-conformal RT (3D-CRT) or intensity-modulated RT
(IMRT). The lung dose constraints were Vo5, < 35%, mean
lung dose (MLD) < 19 Gy, and Vs, < 60%. For the oesopha-
gus, Dicmz < 66 Gy was required.

Treatment delivery

A 3D CBCT-scan acquired with a kV On-Board Imager system
(Varian Medical Systems) was used for daily image-guided
patient setup. For patients treated before April 2013, the
CBCT-scan was registered automatically to the planning-CT
scan based on a match of the thoracic vertebrae. The radi-
ation therapists (RTT) evaluated the registration and the
resulting 3D-translational shifts and couch rotation were per-
formed. For all other patients, a GTV-T or GTV-N soft-tissue
match was performed. For patients with systematic devia-
tions in the position of the tumour or lymph node above a
pre-set limit, adaptive re-planning was performed [25].

Follow up

After RT, patients were followed with CT scans every third
month for the first two years. The follow-up interval was
then increased to every six months for the next three years.
Patients were followed until relapse or death. Loco-regional
recurrence was defined as T-site relapse in the same lung
lobe as the primary tumour and/or N-site relapse in the
mediastinum, ipsi- or contralateral hilus or ipsilateral supra-
clavicular region (relative to the primary tumour). Recurrence
was identified based on biopsy or from progression seen on
consecutive CT scans. All medical records were reviewed
retrospectively by an experienced oncologist to score the
maximum observed radiation pneumonitis and esophagitis
using (CTCAE v3.0) within 6 months from RT start. Grade 3-5
treatment-related late toxicity (after 6 months) was scored
until relapse or death.

Retrospective data collection

Retrospective data collection was approved by the Danish
Data Protection Agency and the National Board of Health.
Basic patient characteristics were collected: stage (American



Joint Committee on Cancer 7th Edition), histology, age, gen-
der and performance status (PS, Eastern Cooperative
Oncology Group ECOG). The distance from GTV volume to
the bronchial tree, oesophagus, aorta or heart was measured
and categorized into three groups (0-0.9cm, 1-1.4cm and
1.5-2cm). The treatment was described in terms of previous
surgery, chemotherapy, prescribed RT dose, Mean Lung Dose
(MLD), Mean Heart Dose (MHD), V4, to oesophagus, and
GTV volume. The first failure was recorded as loco-regional
or distant. In case of simultaneous loco-regional and distant,
they were included in both categories. The recurrence was
dated as the first scan (MR, CT or PET-CT) where failure was
suspected.

Statistics

The loco-regional control (LC), disease-free survival (DFS) and
overall survival (OS) were calculated using the Kaplan and
Meier method as a function of time from the start of RT. LC
was measured until loco-regional relapse, patients were cen-
sored at the time of death or last available follow-up. DSF
was measured until relapse (loco-regional and/or distant) or
death of all cause. Patients were censored from last follow-
up. OS were measured until death of all cause and censored
from last follow-up. Association of stage, gender, age (sepa-
rated at the median), GTV volume, histology, chemotherapy
(concomitant, sequential or no chemotherapy), performance
status (0, 1 or 2) and T-site versus N-site was investigated in
univariate Cox proportional hazard model for all endpoints
and hazard ratios extracted. A p-value of less than 0.05 was
considered as statistically significant. SPSS software (version
20) was used for data analyses. No Multivariate Cox propor-
tional hazard analysis was made.

Results

Patients and tumour characteristics are given in Table 1. The
median follow-up time was 44 months (range, 7-123). At the
end of the study 30 patients had died, 9 of these died with
no evidence of disease. Prior to RT, 31 patients underwent
surgery (23 lobectomies, 5 sleeve resections, 2 pneumonecto-
mies’, and 1 bi-lobectomy). The median time from surgery to
RT was 10.4months (range, 0-154 months). Forty-two, one
and six lesions were located 0-0.9cm, 1-1.4cm, and 1.5-2cm
from the bronchial tree, oesophagus, aorta or heart, respect-
ively. Thirty-four lesions were within 2cm of the bronchial
tree, 24 were within 2cm of the oesophagus, 29 were within
2cm of the aorta, and 15 were within 2cm of the heart.
Forty-two of the lesions was located within at least two OAR.

The solitary lymph nodes were located in stations 1L
(n=1), 2-4L or R (n=6), 5-6 (n=3), 7 (n=4), and hilum
10-11R or L (n=4). For the entire cohort, the median OS
was 51 months (Cl:14.0-88.0). 1-, 2-, 3- and 5-year OS was
88% (SE:5), 70% (SE:7), 59% (SE:7) and 50% (SE:8) (Figure 2).
Of the investigated variables, only stage (stage IV versus
stage I-lll) showed statistical influence on OS in univariate
analysis, HR: 1.4 (SE:0.4) (p =0.001) (Figure 3). T-site versus N-
site was borderline significant, HR: 0.73 (SE:0.4) (p =0.069)
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(Figure 4). Median OS for patients with solitary lymph node
targets was 81 months (Cl: 31.8-130.1) and for patients with
primary lung tumour, it was 36 months (Cl: 13.8-58.2). All
patients with stage IV disease suffered from distant failure.
Loco-regional recurrences occurred in 16 out of 49 patients.
Nine patients experienced loco-regional relapse only, (4
patients at N-site, 2 at T-site and 3T+ N-site). Seven patients
experienced both loco-regional and distant failure. Of all
loco-regional recurrences, nine occurred within the PTV, six
outside, and one was not evaluable.

The 1-, 2-, and 3-year loco-regional control rates were
78% (SE: 6), 67% (SE: 7), and 64% (SE: 8) (Figure 2). The
majority of recurrences occurred within 3years after RT.
None of the investigated variables showed a statistically sig-
nificant influence on the loco-regional control rate in univari-
ate analysis (Supplementary Table 1). For the entire cohort,
the median disease-free survival (DFS) was 27 months (Cl:0-
67.7). 1-, 2-, 3- and 5-year DSF was 65% (SE:7), 51% (SE:7),
49% (SE:7) and 44% (SE:7) (Figure 2). Only stage showed stat-
istical influence on DFS (Figure 3). The median DFS for stage
I-Il was 79 months (Cl 26.4-131.1), for stage Ill 19 months, HR
0.71 (Cl: 0.3-37.7) and for stage IV 3months (Cl 0-6.9) HR
0.51 (p=0.003). Nine patients suffered from grade 2-3 pneu-
monitis (Table 2). The median MLD for those was 7.6 Gy (1.9—-
9.6). For the patients without pneumonitis, the median MLD
was 5.8Gy (1.7-20.5). For all patients with pneumonitis, it
resolved. Oesophagitis grade 1-2 occurred in 17 patients. No
grade 3-5 were diagnosed. Six patients developed stenosis
of the oesophagus, four of these also suffered from early
oesophagitis grade 2. The median V4o, to the oesophagus
in the group with stenosis was 6.0% (0-12.7) versus 1.1% (0-
12.4) in the group not experiencing stenosis. The patients
who died with no evidence of disease died of lung infection
(n=3), cardiac arrest and severe comorbidity (n=2), head
and neck cancer, dissecting aorta aneurism, fall from stairs
and one unknown reason. There was no grade 4 or 5 toxicity
registered.

Discussion

In this retrospective study on conventionally fractionated
small solitary tumours or lymph nodes, a median OS of
51 months was found. This is very high compared to the
findings of studies including all stages of LA-NSCLC. The
RTOG-0617 showed an OS of 28.7 months and a phase Il trial
with 473 stage Ill NSCLC patients treated with chemo-RT
showed a median time to death or distant metastasis of
28.3 months [2, 7]. Similarly, a retrospective study including
255 patients from our institution showed a median OS of
28 months in patients treated with adaptive chemo-RT [8].
The current cohort included stage I-IV patients, with the
majority in stage lll. However, all tumours were smaller than
5cm in diameter. Tumour volume has previously been
shown to be a prognostic factor for loco-regional recurrence
with larger tumours showing higher rates of recurrence [26-
28]. The effect of tumour volume was not significant in the
current study. However, all tumours included in the study
were small with a median GTV volume of 8.7 cm®.


https://doi.org/10.1080/0284186X.2023.2257872

1436 M. M. KNAP ET AL.

Table 1. Patient and tumour characteristics.

All patients Patients with primary tumour Patients with lymph node target

Number of patients 49 30 19
Median age 70 (53-88) 69 (53-88) 70 (55-80)
Sex

Male/ Female 27/22 16/14 11/8
Stage

I-Il (TO-T3,N0-1,M0) 18 17 1

1l (TO-T4,NO-N3,M0) 27 10 17

IV (TO-T4,NO-N3,M1) 4 3 1
Histology

Adeno/SC/Other 26/21/2 14/14/2 12/7/0
Surgery before RT 31 16 15
Chemotherapy
Concurrent/Sequential/No 29/4/16 13/3/14 16/1/2
PS

0/1/2 17/24/8 11/12/7 6/12/1
Target volume (cm?)

Median GTV (range) 8.8 (1.8-29.2) 9.3 (1.8-29.2) 8.7 (2.4-24.1)

Median PTV (range) 106.9 (30.6-252.2) 96.4 (30.6-252.2) 114.7 (51.1-166.6)
Distance to OAR (cm)

0-0.9/1-1.4/1.5-2 42/1/6 23/1/6 19/0/0
Dose to OAR (Gy)

MLD (range) 6.1 (1.7-20.5) 5.8 (1.7-20.5) 7.1 (2.6-9.6)

MHD (range) 0.7 (0.06-15.5) 0.7 (0.06-15.5) 0.8 (0.2-11.1)

Mean Vaoeyoesophagus 3.7 (0-12.7) 1.7 (0-9.2) 6.9 (0-12.7)
Prescribed dose (Gy)

60/66/70 (2Gy per fx) 9/39/1 9/20/1 0/19/0

Adeno: adenocarcinoma, SC:squamous cell carcinoma, GTV: gross tumour volume, PTV: planning target volume, OAR: organ at risk, MLD: mean
lung dose, MHD: mean heart dose, Vaoeyoesophagus: Volume of oesophagus receiving at least 40 Gy, fx: fraction.
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Figure 2. Left: Loco-regional recurrence occurred in 16 out of 49 patients resulting in a 1-, 2- and 3-year loco-regional control rate of 77% (SE: 6), 66% (SE: 7), and
64% (SE: 8). in the Middle: the median DFS was 27 months. 1-, 2-, 3-, and 5-year DSF was 65% (SE:7), 51% (SE:7), 49% (SE:7), and 44% (SE:7). right: the median OS
was 51 months. 1-, 2-, 3-, and 5-year overall survival was 88% (SE:5), 70% (SE:7), 59% (SE:7), and 50% (SE:8).

Patients with solitary lymph node targets had much lon-
ger (81 months) OS than patients with primary lung tumours
(36 months). This agrees with the findings of other studies,
including a competing risk model of the first failure site
showing that primary tumours were more likely to fail than
lymph nodes [26, 28,29].

In the univariate analysis of OS, only stage was significant,
with patients diagnosed with stage IV disease showing OS of
9 months. Only four patients had stage IV, they all developed
new distant metastases and died as a result of that.
Prospectively, these patients may not be candidates for long-
term RT and may be better suited for SBRT or palliative treat-
ment. However, with only four stage IV patients it is difficult
to draw a final conclusion.

Modelling studies [10, 30,31] have shown that tumour
control may mainly depend on mean tumour dose, which is
clearly seen in SBRT, where very high average dose levels

ensure good tumour control and retrospective cohort studies
have shown better OS for SBRT compared to conventional
RT [32,33]. However, delivery of high doses to centrally
located tumours nearby radiosensitive OAR may result in
high toxicity levels as seen in previous studies [14-20]. The
Nordic HILUS-trial was a phase Il trial of SBRT for patients
with central or ultra-central tumours. Grade 4-5 toxicity
occurred in 19% and 3% of the ultra-central and centrally
located tumours, respectively [15]. Additionally, a recent
meta-analysis including results from controlled trials of SBRT
of ultra-central and central tumours showed grade 3-5 tox-
icity rates of 9.0% and 4.4%, while the grade 5 complication
rates were 57% and 2.3% [16]. Therefore, the delivery of
SBRT needs to focus on the dose to the OAR in order to
avoid high toxicity levels. In Denmark, a national trial
STRICTSTARLung recruits’ patients with central and ultra-cen-
tral tumours. The trial is based on inhomogeneous dose



distributions and the escalation dose is restricted by strict
constraints on the OAR [20]. The tumours in the current
study were located centrally and thus, the patients poten-
tially were candidates for the STRICTSTARLung trial.
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Figure 3. At top the DFS related to stage. The median DFS for stage I-Il was
79.0 months, for stage Il 19.0 months and for stage IV 3.0 months (p = 0.003).
At bottom OS for patients with stage I-ll, stage Ill and stage IV. The median OS
for stage I-Il was 69.0 months, for stage Ill 96.0 months and stage IV 9.0 months
(p=0.001).
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In the current retrospective study, low levels of toxicity
were observed with no grade 4-5 toxicity. Possibly due to
the small tumour size and the conventionally dose regimen.
However, the loco-regional control rate of 67% at 2-years is
far below the 90.4% and 93.7% for ultra-central and central
tumours reported in the meta-analysis [16]. Similarly, a retro-
spective study performed at our hospital showed a local con-
trol rate of 89.4% for central lung tumours [34]. A
randomized study of SBRT vs conventional RT [35] showed
no difference in PFS and OS but they observed a tendency
of an improved disease control rate in the SBRT group.
Though, conventional RT secures low-toxicity dose delivery it
could be at the expense of lower loco-regional control rates.

Dose escalation may be an alternative to SBRT. While the
RTOG 0617 trial showed worse OS for the escalated arm,
small phase I/Il trials have shown increased loco-regional
control [2, 36,37]. However, increased toxicity has been seen
for dose escalation, too [6, 38]. Thus, strict constraints for
OAR are of high importance for dose escalation like in SBRT
trials [39].

The limitations of this study include its retrospective
nature, the small size of the cohort and the extent of the
treatment period. In the ten-year span of the study, improve-
ments have been made in treatment techniques e.g., by the
implementation of adaptive RT, which has led to significantly

1,07
0,87
®
2
;0,6‘
o Tumour
2
o 0,47
>
(o]
0,217
0,01
T T T T T T
0 12 24 36 48 60
Months from RT start
[No.atrisk | 19 [ 18 [ 15 | 13 | 9 [ 6 |
| | 30 | 25 | 17 | 15 | 13 | 12 |

Figure 4. The OS for patients with lymph node targets (green) or primary
tumour (blue). the median OS for patients with solitary lymph nodes was
81.0months and for patients with primary tumours it was 36.0 months
(p = 0.069).

Table 2. Early (within 6 months from start of RT) and late toxicity (after 6 months from start of RT).

All patients Patients with lung tumour Patients with lymph node target

Early toxicity

Pneumonitis G1-2 1 7 4

Pneumonitis G3 2 1 1

Pneumonitis G4-5 0 0 0

Oesophagitis G1-2 17 8 9

Oesophagitis G3 0 0 0

Oesophagitis G4-5 0 0 0
Late toxicity

Oesophageal stenosis G3 6 4 2

Other G3-5 0 0 0

RT: radiotherapy, G: grade.
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increased OS [8]. However, the vast majority of the patients
in this cohort were treated with adaptive RT. Additionally,
improvements have been made in systemic treatment, espe-
cially the use of immunotherapy that demonstrated favour-
able responses in NSCLC patients. [9, 40]. While this would
impact the OS, the loco-regional control rate would not be
affected to the same extent. Furthermore, the current cohort
included stage I-IV patients, which makes comparison of out-
come to other studies with exclusively stage Il difficult, how-
ever the majority of patients had stage Ill and IV. The
strengths of this study include a long median follow-up time
of 44 months which secures that late toxicity has been regis-
tered. Moreover, all patients have been staged using PET
securing correct staging.

In conclusion, conventional RT for NSCLC patients with
small centrally located lung tumours or solitary lymph nodes
is feasible. The toxicity was low with no grade 4-5 events.
The median OS was 81 months for patients with solitary
lymph node targets and 36 months for patients with primary
lung tumours. The 3-year loco-regional control rate was 64%.
This rate may be improved by treating the patients with
SBRT and prospectively, these patients may be referred to
the STRICTSTARLung trial.
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