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Abstract

OBJECTIVES: Chemoradiotherapy (CRT) has been the backbone of guideline-recommended treatment for Stage IIIA non-small cell lung
cancer (NSCLC). However, in selected operable patients with a resectable tumour, good results have been achieved with trimodality treat-
ment (TT). The objective of this bi-institutional analysis of outcomes in patients treated for Stage IIIA NSCLC was to identify particular fac-
tors supporting the role of surgery after CRT.

METHODS: In a 2-centre retrospective cohort study, patients with Stage III NSCLC (seventh edition TNM) were identified and those
patients with Stage IIIA who were treated with CRT or TT between January 2007 and December 2013 were selected. Patient characteristics
as well as tumour parameters were evaluated in relation to outcome and whether or not these variables were predictive for the influence
of treatment (TT or CRT) on outcome [overall survival (OS) or progression-free survival (PFS)]. Estimation of treatment effect on PFS and OS
was performed using propensity-weighted cox regression analysis based on inverse probability weighting.

RESULTS: From a database of 725 Stage III NSCLC patients, 257 Stage IIIA NSCLC patients, treated with curative intent, were analysed; 186
(72%) with cIIIA-N2 and 71 (28%) with cT3N1/cT4N0 disease. One hundred and ninety-six (76.3%) patients were treated by CRT alone
(high-dose radiation with daily low-dose cisplatin) and 61 (23.7%) by TT. The unweighted data showed that TT resulted in better PFS and
OS. After weighting for factors predictive of treatment assignment, patients with a large gross tumour volume (>120 cc) had better PFS
when treated with TT, and patients with an adenocarcinoma treated with TT had better OS, regardless of tumour volume.

CONCLUSIONS: Patients with Stage IIIA NSCLC and large tumour volume, as well as patients with adenocarcinoma, who were selected
for TT, had favourable outcome compared to patients receiving CRT. This information can be used to assist multidisciplinary team
decision-making and for stratifying patients in studies comparing TT and definitive CRT.

Keywords: Non-small cell lung cancer Stage IIIA • Chemoradiotherapy • Surgery • Tumour volume • Trimodality treatment

ABBREVIATIONS

CI Confidence interval
CRT Chemoradiotherapy
CT Computed tomography
FDG Fluorodeoxyglucose
GTV Gross tumour volume
NSCLC Non-small cell lung cancer
OS Overall survival
PET Positron emission tomography
PFS Progression-free survival
TT Trimodality treatment

INTRODUCTION

Approximately 30% of patients diagnosed with non-small cell
lung cancer (NSCLC) present with Stage III disease [1]. For fit
patients, concurrent chemoradiotherapy (CRT) or induction CRT
followed by surgery is guideline-recommended radical treatment
options, resulting in a 5-year survival of 15–32% and a median
overall survival (OS) of 18–28 months [2–4]. Since the results of
the PACIFIC study showed a significant improvement in survival
with adjuvant durvalumab following CRT, this has changed the
standard-of-care for patients with unresectable locally advanced
NSCLC [5]. The optimal treatment strategy for patients with re-
sectable locally advanced disease is an issue of ongoing debate
during multidisciplinary tumour board discussions. This is fuelled
by the fact that previous randomized trials have failed to show a
survival benefit for patients receiving surgery after CRT for locally
advanced NSCLC [4, 6, 7]. However, surgery is associated with
favourable survival in patients with IIIA (e.g. T3N1/T4N0) disease,
and in addition, other real-world data from several population-
based studies suggest that selected patients with Stage IIIA-N2
locally advanced tumours might benefit from the addition of sur-
gery to CRT (trimodality treatment, TT) [2, 6–9]. Awaiting data
from phase III trials, investigating immunotherapy in the

neoadjuvant setting, either alone, as dual therapy or in combina-
tion with chemotherapy and/or radiotherapy, refinement of
treatment strategies for fit patients with potentially resectable, lo-
cally advanced NSCLC as to offering surgery following CRT would
be helpful. To help multidisciplinary discussion and informed pa-
tient consent, the aim of this study was to try and identify those
patients who might benefit the most from TT.

PATIENTS AND METHODS

Patients selection and data collection

After institutional review board (IRB) approval (Research Ethics
Committee approval number IRBd20-277) and with an appropri-
ate waiver of consent, patients with clinical Stage III NSCLC
treated with definitive concurrent CRT or TT from January 2007
to December 2013 at the Netherlands Cancer Institute—Antoni
van Leeuwenhoek (NKI-AVL) and at the Amsterdam University
Medical Center (AUMC; location VU University Medical Center),
were identified. Patients with Stage IIIB NSCLC were excluded
because majority of these patients underwent definitive CRT, and
therefore, we focused on patients with NSCLC Stage IIIA. Patients
with a sulcus superior (Pancoast) tumour, a second primary lung
cancer at initial presentation and patients operated on for a local
recurrence after CRT, were excluded from this analysis. Only
patients who completed treatment were included. OS was de-
fined as the time between start of (induction) CRT and death of
any cause. Progression-free survival (PFS), a secondary endpoint,
was computed from the start of (induction) CRT to the date of
progressive disease or death due to any cause.

Data concerning patient, tumour and treatment characteristics,
as well as specific outcomes, were derived from patient records,
date of death verified from the Dutch National Registry. All rele-
vant data are within the manuscript and its supporting informa-
tion files. Data on pre-treatment staging was collected, including
computed tomography (CT) of the chest and upper abdomen
and fluorodeoxyglucose positron emission tomography (FDG-
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PET) ± CT scan (PET-CT). If there was an FDG uptake in regional
lymph nodes, involvement was preferably confirmed by e.g.
endobronchial or endoscopic ultrasound techniques or by
mediastinoscopy. When no pathological confirmation was
obtained, the N-stage was based on PET-CT results. Pathological
confirmation of the tumour was obtained by bronchoscopy or
transthoracic biopsy or fine needle aspiration. A brain magnetic
resonance imaging scan was performed to exclude brain metas-
tases. All patients were staged using the seventh edition of the
TNM staging system [10]. Because of the previously reported cor-
relation between the gross tumour volume (GTV), recurrence and
OS, the GTV of the primary tumour was extracted from the radio-
therapy treatment planning system [11]. Shortly after completion
of CRT, therapy response was evaluated by CT and/or PET-CT-
scan [12] to select candidates for TT (with surgery typically being
performed 4–8 weeks after CRT).

Treatment

After uniform staging according to the seventh edition of the
Union for International Cancer Control (UICC) TNM classifica-
tion, the treatment strategy for each individual patient was deter-
mined at a multidisciplinary tumour board meeting in the
presence of dedicated specialists: a surgeon, pulmonary oncolo-
gist, radiation oncologist, radiologist, nuclear medicine physician,
pathologist and specialized nurses. The recommendation for ei-
ther CRT or TT was based on both patient factors (e.g. age, per-
formance status, lung function, comorbidities) and tumour
characteristics (e.g. resectability and size of the primary tumour
and extent of mediastinal lymphadenopathy).

At institutional preference, different CRT treatment protocols
were used: (i) at the NKI-AVL, CRT consisted of 24 administra-
tions of daily low-dose cisplatin (6 mg/m2) concurrent with

Table 1: Patient and tumour characteristics of patients with clinical Stage IIIA NSCLC, treated with CRT or TT

Characteristics CRT TT All P-value
(N = 196) (N = 61) (N = 257)

Age, years (median, IQR) 65 (58–72) 61 (55–67) 64 (57–71) 0.004
Gender (no. of patients, %) 1

Male 115 (59) 36 (59) 151 (59)
Female 81 (41) 25 (41) 106 (41)

WHO performance (no. of patients, %) 0.08
0 68 (35) 14 (23) 82 (32)
1 127 (65) 12 (20) 139 (54)
Unknown 1 (1) 35 (57) 36 (14)

Charlson comorbidity index (no. of patients, %) 0.02
2 7 (4) 7 (11) 14 (5)
3 13 (7) 5 (8) 18 (7)
4 3 (2) 3 (5) 6 (2)
5 1 (1) 1 (2) 2 (1)
6 70 (36) 21 (34) 91 (35)
7 62 (32) 15 (25) 77 (30)
8 19 (10) 6 (10) 25 (10)
9 17 (9) 2 (3) 19 (7)
10 4 (2) 1 (2) 5 (2)

Preoperative FEV1 (% of predicted: median, IQR) 76 (62–94) 90 (76–102) 80 (65–96) 0.002
GTV (cc, median, IQR) 95 (53–172) 74 (38–130) 93 (49–165) 0.07
cT-stage (no. of patients, %) 0.003

T0/x 4 (2) 1 (2) 5 (2)
T1 39 (20) 6 (10) 45 (18)
T2 79 (40) 17 (28) 96 (37)
T3 39 (20) 18 (30) 57 (22)
T4 35 (18) 19 (31) 54 (21)

cN-stage (no. of patients, %) 0.01
N0 26 (13) 16 (26) 42 (16)
N1 19 (10) 10 (16) 29 (11)
N2 151 (77) 35 (57) 186 (72)

Pathologically proven N2 stage (no. of patients, %) 0.29
Yes 111 (56.6) 29 (47.5) 140 (54.5)
No 83 (42.3) 32 (52.5) 115 (44.7)
Unknown 2 (1.2) 0 (0) 2 (0.7)

Pre-treatment histology (no. of patients, %) 0.01
AC 54 (28) 22 (36) 76 (30)
SCC 78 (40) 12 (20) 90 (35)
NSCLC NOS 64 (33) 27 (44) 91 (35)

Radiological response after CRT (no. of patients, %) 0.06
Complete response 19 (10) 11 (18) 30 (12)
Partial response 108 (55) 10 (16) 118 (46)
Stable disease or progression 18 (9) 5 (8) 23 (9)
Unknown 51 (26) 35 (57) 86 (33)

AC: adenocarcinoma; cN-stage: clinical nodal stage; cT-stage: clinical tumour stage; CRT: chemoradiotherapy; FEV1: forced expiratory volume in 1 second; GTV:
gross tumour volume; IQR: interquartile; NSCLC NOS: non-small cell lung cancer not otherwise specified; SCC: squamous cell carcinoma; TT: trimodality
treatment.
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mildly hypo-fractionated radiotherapy: 24 fractions of 2.75 Gy to
a total dose of 66 Gy [13]. (ii) At the AUMC, 3, occasionally 4
cycles of a full-dose cisplatin doublet were administered with ra-
diotherapy typically starting at cycle 2 and consisting of 23–33
fractions of 2 Gy to total doses of 46 or 50 Gy if the tumour was
deemed resectable at presentation, and higher doses of 60 or
66 Gy if there was doubt about resectability. A small number of
patients were treated in Phase II and III clinical trials e.g. CRT
with or without prophylactic cranial irradiation (NCT01282437)
or CRT with concurrent olaparib or weekly cetuximab [14, 15].

Surgery consisted of resection of the primary tumour plus me-
diastinal lymph node dissection. Complete resection (R0) was de-
fined as tumour-free bronchial, parenchyma, pleural and
vascular margins. Pathologic complete response was reported if
no vital tumour cells were present in the resection specimen or
lymph nodes. Nodal down-staging was defined as pathological
examination of the resection specimen revealing no tumour cells
in initially (pre-treatment) positive (clinical or pathological) medi-
astinal lymph nodes.

Statistical analysis

PFS and OS were estimated using the Kaplan–Meier method. An
estimation of treatment effect (i.e. TT versus CRT) on PFS and OS
is complex because exposure to TT is likely to be confounded by
selection based on patient and tumour characteristics. Therefore,
a propensity-weighted analysis based on inverse probability
weighting was performed. The objective of the propensity
weighting is to compensate for imbalances stemming from the
fact that the choice for either treatment was made by the patient
and physician/multidisciplinary teams and not by randomization
[16]. The statistical analysis was conducted in 2 steps which are
described in the Supplementary Material, Text S1. All statistical
analyses were performed in R version 4.0.3.

RESULTS

Patient and treatment characteristics

A total of 725 Stage III NSCLC patients, treated between 2007
and 2013, were identified. Two hundred and fifty-seven Stage
IIIA patients were included for this analysis and 468 patients with
Stage IIIB were excluded. One hundred and ninety-six (76.3%)
patients received CRT alone (CRT group) and 61 (23.7%) patients
were treated with induction CRT followed by surgery (TT group).
Thirty-five out of 257 patients were selected in the AUMC—loca-
tion VU University Medical Center of whom all were treated with
TT. Before treatment, all patients had a CT of the chest and upper
abdomen and FDG-PET CT scan. In 140 of the 186 patients in
whom FDG uptake in regional lymph nodes was observed and
endobronchial or endoscopic ultrasound techniques or mediasti-
noscopy were performed, pathologically proven N2-stage was
confirmed. Adenocarcinoma (AC) was found in 76 (30%) patients
[N0-1 n = 13 (17%), N2 n = 63 (83%)], squamous cell carcinoma in
90 (35%) patients [N0-1 n = 30 (33%), N2 n = 60 (67%)] and NSCLC
not otherwise specified in 91 (35%) patients [N0-1 n = 28 (31%),
N2 n = 63 (69%)]. To exclude brain metastases, all patients had
pre-treatment cranial magnetic resonance imaging.

As is shown in Table 1, patients treated with TT were signifi-
cantly younger, had significantly better pulmonary function, less
comorbidity and presented with less advanced clinical N-status.

Low daily dose chemotherapy with concurrent 66 Gy/24 frac-
tions radiotherapy was administered in 222 patients of whom 26
were treated with TT. Full-dose chemotherapy was administered
in 35 patients, all treated with TT, of whom 19 underwent radio-
therapy to a total dose of 46–50 Gy and higher doses of 56, 60 or
66 Gy were given in 16 patients. A small number of patients
(N = 43) were treated in Phase II and III clinical trials. Lobectomy
was performed in 52 of the TT patients (85.2%), pneumonectomy
in 6 (9.8%) patients, a wedge resection in 2 (3.3%) patients and a
mediastinal lymph node debulking in 1 (1.6%) patient. The com-
plete pathological response was reported in 18% (n = 11) and an
R0 resection in 83.6% (n = 51) of patients. Mediastinal lymph
node down-staging was achieved in 79.3% (23/29) of pathologi-
cally confirmed N2 patients receiving surgery (Table 2).

Follow-up and survival

The median follow-up of patients selected for TT and CRT was
33.5 [95% confidence interval (CI) 30.3–43.3] and 44.5 (95% CI
42.0–55.1) months, respectively. During the follow-up period,

Table 2: Treatment and outcome characteristics of patients
treated with TT

TT (N = 61)

Resection type (no. of patients, %)
Lobectomy 52 (85)
Pneumonectomy 6 (9.8)
Wedge resection 2 (3.3)
Mediastinal lymph node debulking 1 (1.6)

Pathological complete response
(tumour and lymph nodes, no. of patients, %)

Yes 18 (30)
No 41 (67)
Unknown 2 (3.2)

Resection margins (no. of patients, %)
R0 51 (83)
R1 5 (8.2)
R2 0 (0)
Unknown 5 (8.2)

ypT-stage (no. of patients, %)
ypT0 19 (31)
ypT1 18 (30)
ypT2 14 (23)
ypT3 5 (8.2)
ypT4 1 (1.6)
yTis 1 (1.6)
Unknown 3 (4.9)

ypN-stage (no. of patients, %)
ypN0 44 (72)
ypN1 6 (9.8)
ypN2 9 (15)
Unknown 2 (3.3)

Mediastinal down-staging N2 (total cN2 = 35)
(no. of patients, %)

cN2 Path. proven! ypN1 or ypN0 23 (65.7)
cN2 Not path. proven! ypN1 or ypN0 4 (11.4)
cN2 Path. proven! ypN2 6 (17.1)
cN2 Not path. proven! ypN2 2 (5.7)

Post-resection 90-day mortality
(no. of patients, %) 3 (4.9)
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disease progression was observed less often in the TT group
compared to the CRT group (41% vs 56%, respectively). There
were 27 (44%) and 118 (60%) deaths in the TT and CRT groups,
respectively.

Figure 1 shows the PFS and OS after TT and CRT in the unad-
justed and weighted analysis population (all patients included). In
the unadjusted analysis, the median PFS was 27.6 months (95%
CI: 16.6–43.0) for the TT group and 15.6 months (95% CI: 12.7–
18.7) for the CRT group [hazard ratio (HR) 0.71 (95% CI: 0.5–
1.01), P = 0.05 univariately and HR 0.75 (95% CI: 0.40–1.40),
P = 0.37 multivariable]. The median OS was 42.3 months (95% CI
28.6—upper limit not attained) for patients receiving TT and
27.9 months (95% CI: 22.5–32.9) for patients receiving concurrent
CRT [HR 0.66 (95% CI: 0:44–1.00), P = 0.05 univariately and HR
0.63 (95% CI: 0.29–1.34), P = 0.23 multivariable].

After the inverse probability weighting was applied, the esti-
mated median PFS in the TT group was 27.0 and 16.8 months in
the CRT group [HR 0.82 (95% CI 0.54–1.27), P = 0.38 univariately
and HR 0. 44 (95% CI: 0.39–2.28), P = 0.90 multivariable]. The

estimated median OS in the TT group was 33.4 months, com-
pared to 28.0 months in the CRT group [HR 0.87 (95% CI: 0.47–
1.60), P = 0.64 univariately and HR 0.88 (95% CI: 0.24–3.23),
P = 0.85 multivariable; Fig. 1].

Predictive and prognostic value of patient and
tumour characteristics

Age, gender, WHO performance, tumour stage (N0-1 versus N2),
Charlson Comorbidity Index (CCI), forced expiratory volume in
1 second and radiological response after CRT were not predictive
for the effect of TT on PFS and OS. Tumour histology (AC vs
squamous cell carcinoma + other) was predictive for OS (P for in-
teraction 0.039) but not for PFS. GTV was predictive for PFS (P
for interaction 0.043) but not for OS (P for interaction 0.061)
when treated as a continuous variable. No prognostic effect of
the characteristics on PFS was found. For OS, only age and gen-
der were found to be prognostic after weighting (Supplementary
Material, Tables S2 and S3).

Figure 1: (A–D) PFS and OS of patients with Stage IIIA NSCLC treated with CRT or TT. CRT: chemoradiotherapy; OS: overall survival; PFS: progression-free survival; TT:
trimodality treatment.
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Tumour nodal stage (N0-1 versus N2)

Figure 2 shows the PFS after TT and CRT in patients with nodal
stage N0-1 versus nodal stage N2; for PFS, there was a slight ben-
efit of TT in the N0-1 group. In the Supplementary Material, Text
S2, the predictive effects of the nodal stage are described in
more detail.

Gross tumour volume

Figures 3A–C and 4A–C show the PFS and OS after TT and CRT,
respectively, in patients with different volumes of the primary tu-
mour, trichotomized into 3 categories with equal patient num-
bers (low GTV < 30 ml; medium GTV 30–92 ml; high GTV >
92 ml). Supplementary Material, Table S4 shows the tumour and
nodal characteristics of these 3 groups—no significant differences
were seen between them.

PFS is significantly better with TT (N0-1 n = 8, N2 n = 9) com-
pared to CRT (N0-1 n = 25, N2 n = 38) in the group of patients
with a high GTV: HR 0.39 (95% CI 0.19–0.83, P = 0.014) bivariate
and 0.23 (95% CI 0.06–0.86, P = 0.029) multivariable. No

Figure 2: PFS by treatment and nodal stage (N0-1 vs N2) after CRT or TT. CRT:
chemoradiotherapy; PFS: progression-free survival; TT: trimodality treatment.

Figure 3: (A–C) PFS by treatment and GTV trichotomized into 3 categories, after CRT or TT. CRT: chemoradiotherapy; GTV: gross tumour volume; PFS: progression-
free survival; TT: trimodality treatment.
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significant differences were seen in the low (HR 0.96, 95% CI
0.44–2.1, P = 0.92 bivariate and HR 1.27, 95% CI 0.52–3.1, P = 0.61
multivariable) and medium (HR 1.2, 95% CI 0.58–2.3, P = 0. 67 bi-
variate and 1.7, 95% CI 0.78–3.6, P = 0.19 multivariable) GTV
group (Supplementary Material, Table S5).

No significant differences were seen in OS in the 3 groups
when comparing TT with CRT [GTV low: HR 1.3 (95% CI
0.56-2.95), P = 0.56 bivariate and 1.8 (95% CI 0.72-4.7), P = 0.20
multivariable; GTV medium: HR 1.05 (95% CI 0.45-2.5), P = 0.91
bivariate and 1.6 (95% CI 0.56–4.8), P = 0.37 multivariable; GTV
high: HR 0.45 (95% CI 0.20-1.04), P = 0.06 bivariate and 0.33 (95%
CI 0.083–1.3), P = 0.12 multivariable].

Figure 5 shows the PFS and OS after TT and CRT in patients
with different GTV, dichotomized according to an optimized cut-
off (small GTV <_ 120 cc and large GTV > 120 cc). To optimize the
TT-benefit in the ‘large’ tumour group, the cut-off was 120 cc,
chosen as the ‘round’ number closest to the optimal cut-offs in
our data (121 cc for PFS and 122 cc for OS). With this dichotomy,

the effect of treatment seems to be different among the 2 GTV
groups, not only for PFS but for OS as well (PFS: P for interaction
0.011 bivariate and 0.012 multivariable. OS: P for interaction
0.029 bivariate and 0.021 multivariable).

PFS is significantly better with TT in patients with a large GTV:
HR 0.27 (95% CI: 0.10–0.72, P = 0.008) bivariate and 0.20 (95% CI:
0.051–0.77, P = 0.03) multivariable. In the small GTV group, no
difference is seen in PFS between CRT and TT: HR 1.105 (95% CI:
0.67–1.8, P = 0.70) bivariate and HR 1.74 (95% CI: 0.89–3.40,
P = 0.11) multivariable.

For OS, significant differences were seen in the bivariate analy-
sis in patients with a large GTV treated with TT HR 0.29 (95% CI:
0.093–0.90, P = 0.03), with a similar, but not statistically significant
difference in the multivariable analysis: HR 0.28 (95% CI: 0.067–
1.13, P = 0.073).

In the small GTV group, no significant OS-difference was found
between CRT and TT: HR 1.18 (95% CI: 0.68–2.06, P = 0.44) bivari-
ate and 1.86 (95% CI: 0.83–4.2, P = 0.13), multivariable.

Figure 4: (A–C) OS by treatment and GTV trichotomized into 3 categories, after CRT or TT. CRT: chemoradiotherapy; GTV: gross tumour volume; OS: overall survival;
TT: trimodality treatment.
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Histology

As presented in Fig. 6, patients with AC treated with TT (N0-1
n = 7, N2 n = 15) experienced a better OS compared to patients
treated with CRT (N0-1 n = 6, N2 n = 48): HR 0.47 (95% CI: 0.21–
1.09, P = 0.08), bivariate and HR 0.28 (95% CI: 0.078–0.99,
P = 0.048), multivariable. In patients with squamous cell carci-
noma, TT (N0-1 n = 5, N2 n = 7) yielded a comparable survival
outcome to CRT (N0-1 n = 25, N2 n = 53): HR 1.4 (95% CI: 0.46–
4.3, P = 0.55), bivariate and HR 0.78 (95% CI: 0.33–1.82, P = 0.47),
multivariable (Supplementary Material, Table S5).

DISCUSSION

Patients with Stage IIIA NSCLC had better PFS and OS when se-
lected for TT compared with definitive CRT (in the unweighted
analysis). Using propensity-weighted analysis, the effect of treat-
ment on PFS and OS was most evident in patients with a large
GTV and patients with locally advanced AC: those groups had

improved PFS/OS and OS, respectively, when treated with TT. No
differences were seen between the different treatment modalities
in patients with nodal stage N0-1 and N2.

Prospective evidence for a survival advantage of adding sur-
gery to CRT treatment for patients with locally advanced NSCLC
is limited, with previous studies being compromised by including
non-selected Stage IIIA patients, slow accrual, inadequate RT
dose prescription, outdated radiotherapy techniques and allow-
ing a pneumonectomy to be done, even when the outcome after
pneumonectomy was considerably worse when compared to lo-
bectomy [3, 4, 7, 17, 18]. A landmark Phase III study evaluated
the potential benefit of surgical resection after CRT for Stage IIIA
NSCLC which showed no significant benefit with modest evi-
dence towards an increased 5-year survival after TT [4]. However,
an unplanned exploratory analysis showed favourable OS for
patients who underwent lobectomy versus a matched cohort
with CRT alone, but not for those undergoing pneumonectomy
[6]. Moreover, favourable outcome after induction therapy and
surgery was found in patients with mediastinal down-staging af-
ter induction therapy, single level and ‘non-bulky’ N2 disease, a

Figure 5: (A–D) PFS and OS by treatment and GTV, dichotomized into 2 categories (small GTV <_ 120 cc and large GTV > 120 cc), after CRT or TT. CRT: chemoradiother-
apy; GTV: gross tumour volume; OS: overall survival; PFS: progression-free survival; TT: trimodality treatment.
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lobectomy (instead of a pneumonectomy) and a radical resection
[6, 17, 19]. In previous studies, almost one-third of operated
patients had a pneumonectomy, compared to 8.6% in our co-
hort. It is suggested that these high rates of pneumonectomy in
literature might unfavourably affect the OS outcome [4, 6, 9]. Our
incidence of pneumonectomy is relatively low, probably due to
strict selection of patients in multidisciplinary tumour board
meetings. Special care is needed when performing pneumonec-
tomy after CRT due to the possibility of higher morbidity and
mortality [18, 20]. However, in highly selected patients in whom
an R0 resection is feasible, it may still be a potentially curative
option with acceptable morbidity and mortality rates [6, 21, 22].
We have shown that surgical resection with dissection of the pul-
monary artery branches and closure of the bronchus as required
for lobectomy is safe in a highly irradiated field. When interpret-
ing the data, it is notable that in the first months after treatment,
survival was worse in the TT group, due, at least partly, to post-
operative mortality [23].

From this analysis, we can add GTV as a predictive factor for
improved PFS and potentially OS after TT. In addition, AC was a
predictive factor for OS after TT. Previous reports have been pub-
lished concerning the relationship between volume and survival
and loco-regional failure for patients with Stage III NSCLC after
CRT and/or surgery [14, 24, 25]. Although the tumour characteris-
tics of these studies are heterogeneous, GTV is recognized as a
prognostic factor for OS in Stage III patients treated with CRT [14,
24, 25]. However, the role of GTV in patients undergoing a resec-
tion has been unclear [24, 26]. Our findings may help treating
physicians and multidisciplinary tumour board participants in
choosing the most appropriate treatment for individual patients
with locally advanced disease, as well as help in stratifying
patients for future randomized trials comparing the 2 treatment
modalities.

Limitations

We acknowledge some limitations of this work. The patients in
the CRT group received high-dose, moderately hypo-

fractionated radiotherapy with daily low-dose cisplatin [27, 28].
This schedule is used in a minority of institutions, conventional
dose (e.g. 2 Gy)/fraction radiotherapy with e.g. a full-dose plati-
num doublet being the standard approach. The patients who
were selected for TT also have intrinsically more favourable char-
acteristics, the tumours are deemed resectable by the treating
surgeon and the patients are fit enough to be medically operable.
We compensated for this by introducing the propensity weight-
ing and exploited multivariable models, but these methods can
never fully replace randomization, so caution when interpreting
the results is warranted. Moreover, since one of the participating
centres included only patients who were selected for TT, we were
unable to include ‘centre’ as a covariate in our models. No sur-
vival difference of TT versus definitive CRT was seen when
patients were classified according to N0-1 or N2 status.
However, in patients with suspected N2 disease on FDG-PET-CT,
pathological confirmation was performed by mediastinal evalua-
tion in only 75% of patients, so possible bias has to be taken into
account.

Finally, we note that the role of surgery in the immunotherapy
era needs to be clarified. Although there is improved systemic
control and survival with adjuvant immunotherapy after CRT,
surgery might still play an important role in maximizing local tu-
mour control.

CONCLUSION

In conclusion, we found that for patients with Stage IIIA locally
advanced NSCLC, large (>120 cc) tumour volume and AC had
the most benefit from being treated in with TT, however, selec-
tion bias has to be taken into account. These results are relevant
for decision-making in multidisciplinary teams and should be
taken into consideration in any future trials comparing TT and
CRT-based treatment approaches.
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