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Abstarct 

Background:  To examine long-term-survival of cT4 cN0/1 cM0 non-small-cell lung carcinoma (NSCLC) patients 
undergoing definitive radiochemotherapy (ccRTx/CTx) in comparison to the trimodality treatment, neoadjuvant radio-
chemotherapy followed by surgery, at a high volume lung cancer center.

Methods:  All consecutive patients with histopathologically confirmed NSCLC (cT4 cN0/1 cM0) with a curative-intent-
to-treat ccRTx/CTx were included between 01.01.2001 and 01.07.2019. Mediastinal involvement was excluded by 
systematic EBUS-TBNA or mediastinoscopy. Following updated T4-stage-defining-criteria initial staging was reas-
sessed by an expert-radiologist according to UICC-guidelines [8th edition]. Outcomes were compared with previ-
ously reported results from patients of the same institution with identical inclusion criteria, who had been treated 
with neoadjuvant radiochemotherapy and resection. Factors for treatment selection were documented. Endpoints 
were overall-survival (OS), progression-free-survival (PFS), and cumulative incidences of isolated loco-regional failures, 
distant metastases, secondary tumors as well as non-cancer deaths within the first year.

Results:  Altogether 46 consecutive patients with histopathologically confirmed NSCLC cT4 cN0/1 cM0 [cN0 in 34 
and cN1 in 12 cases] underwent ccRTx/CTx after induction chemotherapy (iCTx). Median follow-up was 133 months. 
OS-rates at 3-, 5-, and 7-years were 74.9%, 57.4%, and 57.4%, respectively. Absolute OS-rate of ccRTx/CTx at 5 years 
were within 10% of the trimodality treatment reference group (Log-Rank p = 0.184). The cumulative incidence of loco-
regional relapse was higher after iCTx + ccRT/CTx (15.2% vs. 0% at 3 years, p = 0.0012, Gray’s test) while non-cancer 
deaths in the first year were lower than in the trimodality reference group (0% vs 9.1%, p = 0.0360, Gray’s test). None of 
the multiple recorded prognostic parameters were significantly associated with survival after iCTx + ccRT/CTx: Propen-
sity score weighting for adjustment of prognostic factors between iCTx + ccRT/CTx and trimodality treatment did not 
change the results of the comparisons.
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Background
The majority of locally advanced lung tumours with 
invasion of central anatomic areas such as mediastinum 
or large vessels often present with synchronous lymph 
nodal metastasis at initial diagnosis. However, cT4 cN0/1 
cM0 lung cancer amounts about one fourth of stage III 
NSCLC according to the 8th edition of the TNM clas-
sification in the International Association for the Study 
of Lung Cancer database and therefore is a major sub-
group [1, 2]. The focus of this analysis was laid on this 
genuine entity, where surgery is conventionally accepted 
as principle curative-intended treatment modality. T4 
lymph nodal negative tumors are regarded as a subset 
with prognostically better outcome than T4 lymph nodal 
positive tumors [1–5], which is believed to be owed to a 
lower metastatic propensity. Contrary to the whole group 
of unresectable stage III non-small cell lung tumors, 
where definitive radiochemotherapy played even prior 
to the practice changing PACIFIC trial a major role [6, 
7], in T4 nodal negative lung tumors definitive radio-
chemotherapy represents only another treatment option 
[8]. Studies, defining outcomes after definitive radio-
chemotherapy in the clinical T4 N0 M0 category after 
mediastinoscopy or EBUS-TBNA for all patients and 
compare data retrospectively with trimodality treatment 
are rather limited [9]. Therefore, we decided to conduct 
this analysis on patients with clear T4-defining criteria 
(8th edition UICC) and exclusion of mediastinal lymph 
node involvement according to the initial staging with 
EBUS-TBNA or mediastinoscopy and to consider all con-
secutive patients that underwent definitive radiochemo-
therapy in a curative-intention to treat. The purpose of 
this study was to examine long-term overall and progres-
sion-free survival of T4 N0/1 M0 NSCLC patients under-
going definitive concurrent radiochemotherapy (ccRTx/
CTx) in comparison to the trimodality treatment neoad-
juvant radiochemotherapy followed by surgery that was 
the preferred treatment option outside clinical trials for 
patients not selected for up-front surgery at a high vol-
ume lung cancer center in the considered time periods. 
In addition, a competing risks analysis was performed to 
compare cumulative incidences of isolated loco-regional 
recurrences as first site of relapse, distant metastases, 
secondary tumors and non-cancer deaths after defini-
tive radiochemotherapy or trimodality treatment for 
this group of patients. For intermodality comparison the 

identical eligibility criteria concerning staging proce-
dures for T4 N0/1 status were used in the present as in 
the preceding study [10].

Methods
Approval of the local ethics committee was obtained 
prior to data collection and analysis [21–10,203-BO]. 
Furthermore, the research was conducted following the 
statutes of the Declaration of Helsinki 1964. In a retro-
spective study design all consecutive patients with con-
firmed NSCLC T4 N0-1 M0 [stage III] treated in the 
period from 01.01.2001 to 01.07.2019 with definitive, 
concurrent curative-intent-to-treat radiochemother-
apy (ccRTx/CTx) at a high volume cancer center were 
included. Altogether 21 patients in that time period were 
treated within the ESPATUE trial, a randomized, pro-
spective investigator initiated trial (Phase III study of 
surgery versus definitive concurrent radiochemotherapy 
boost in patients with resectable stage IIIA (N2) and 
selected IIIB non-small-cell lung cancer after induction 
chemotherapy and concurrent radiochemotherapy) [11]. 
Results from this study were compared with data from 
this group on consecutive T4 N0-1 M0 NSCLC patients 
treated with a trimodality treatment option, induction 
chemotherapy and neoadjuvant radiochemotherapy fol-
lowed by surgery [10].

Tumor and mediastinal staging
Initial staging included computed-tomography (CT) and 
[18F]FDG positron-emission-tomography/computed-
tomography (PET/CT) as well as cranial magnet reso-
nance imaging. In order to exclude mediastinal lymph 
node involvement systematic endobronchial ultrasound-
guided transbronchial needle aspiration (EBUS-TBNA) 
or mediastinoscopy was conducted. Prior to treatment 
initiation each patient case was demonstrated and dis-
cussed in an interdisciplinary tumor board and patients 
with potentially resectable tumors were discussed again 
in the tumor board during the week prior approaching a 
cumulative radiation dose of 45 Gy on the basis of all clin-
ical data (patient history, performance status, lung func-
tion and cardiac examination, lung perfusion, present CT 
or [18F]FDG PET/CT). T4 defining criteria at initial diag-
nosis were reassessed by an expert-radiologist according 
to updated UICC-guidelines [8th edition]. Meanwhile, 
the assessment of infiltration of important anatomical 

Conclusions:  Patients with cT4 N0/1 M0 NSCLC have comparable OS with ccRTx/CTx and trimodality treatment. 
Loco-regional relapses were higher and non-cancer related deaths lower with ccRTx/CTx. Definitive radiochemother-
apy is an adequate alternative for patients with an increased risk of surgery-related morbidity.

Keywords:  Definitive radiochemotherapy, Non-small cell lung cancer, TNM-staging
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structures in imaging may be challenging with differing 
final pathologic findings [12–14]. Hence, we relied on 
strict criteria of infiltration, a circumferential encase-
ment of more than 180°, endovascular or endoluminal 
tumor growth, large invasion or osteolytic destruction. 
Furthermore, the cavitation diameter/tumor diameter 
ratio (CTR) was analyzed to identify tumor configura-
tions with a higher risk of fatal pulmonary hemorrhage 
and infection according to the criteria by Ito et al. [15].

Treatment sequence
With special regard to the performance status induction 
chemotherapy (iCTx) was administered prior to defini-
tive radiochemotherapy (ccRTx/CTx). If the clinical per-
formance status was adequate, concurrent cisplatin- and 
vinorelbine based chemotherapy was administered d1 
and d8 (two cycles). Alternative chemotherapy regimens 
included cisplatin or carboplatin weekly, concurrent car-
boplatin and vinorelbine or cisplatin and etoposide. Since 
21.09.2018, when durvalumab (IMFINZI®; September 
2018) was granted marketing authorization in the Euro-
pean Union, patients with appropriate inclusion crite-
ria received consolidation immunotherapy after ccRTx/
CTx. No patient participated in the Expanded-Access-
Program EAP which lasted from 22.11.2017—15.10.2018 
[16]. Table 1 sums up patients’ characteristics.

Radiotherapy
The radiation technique/ modality has changed over 
time. Before 2012, 3D conformal radiotherapy was used 
as the main modality. Since 2012, static field IMRT has 
been the most widely used technique, which has been 
gradually replaced by VMAT since 2018. The 3D tech-
nique and target volume definition was performed as 
described for the ESPATUE trial by our group [11]. After 
January 2013, target volume definition from the RTOG 
617 trial was adopted. Total radiation doses ranged from 
60 to 71  Gy, either conventionally fractionated at 2  Gy 
per daily fraction, 5 fractions a week, or using hyperfrac-
tionated acceleration at 2 × 1.5 Gy/F per day at minimum 
intervals of 6 h, on 5 days per week up to a total dose of 
45 Gy, followed by conventional fractionation. 6 to 8 MeV 
photons from a linear accelerator were used.

Endpoints of this study
Endpoints of this study were overall survival (OS) and 
progression-free survival, as well as loco-regional recur-
rences, distant metastases, secondary tumors and non-
cancer deaths. We predefined a 10% absolute difference 
in overall survival at 5 years between treatment groups as 
a boundary to announce differences between arms inde-
pendent from the outcome of statistical test between sur-
vival curves. This boundary was adapted to the precision 

of the 5  year survival estimates as it amounts about 1.7 
the standard error of these estimates [10]. Chemo- and 
radiotoxicity were assessed following Common Termi-
nology Criteria for Adverse Events (CTCAE) by focusing 
on grades 3 to 5. Adverse events which were severe but 
not immediately life-threatening and required hospitali-
zation were regarded as grade 3, while events which were 
life-threatening and needed intensive care unit admission 
were assigned to grade 4, and events which led to death 
represented grade 5.

Statistics
Descriptive statistics and statistical analysis were exe-
cuted by means of SAS (version 14.3, SAS Institute, Cary, 
NC, US) and SPSS, version 27.0 (IBM Corp., Armonk, 
New York, USA). Overall survival was defined as time 
from start of radiochemotherapy to death of any cause. 
Failure time was calculated from start of radiochemo-
therapy to the date of proven failure, with censoring at 
last follow up with a chest CT for patients without an 
event. Failures were isolated loco-regional recurrences, 
distant metastases as a component of first event, and 
deaths without relapse. Non-parametric survivor func-
tion estimation was performed according the Kaplan–
Meier Method (Proc Lifetest, SAS). Log-rank test was 
used to assess differences between the definitive ccRTx/
CTX regimen and the trimodality treatment published 
in [10]. In addition, a competing risks analysis was per-
formed, with isolated loco-regional recurrences, distant 
metastases as a component of first event, secondary 
tumors and non-lung cancer deaths were competing 
risks. Cumulative incidence functions for failures of a 
specific cause were compared for the definitive ccRT/
CTx and trimodality groups of patients by the Gray’s test 
using Proc Lifetest.

Propensity score weighting was used to balance treat-
ment groups according to patient and tumor charac-
teristics between the treatment groups. The inverse 
probability of treatment weights were used adjusting both 
treatment groups to the total study group as the standard 
population. The Cox proportional-hazards model was 
applied for examining patient and tumor related charac-
teristics as explanatory effects on overall survival or pro-
gression free survival.

Results
Altogether 46 consecutive patients (34 men, 12 women; 
mean age 62.0  years; range 48.5–81.2  years) with histo-
pathologically confirmed NSCLC cT4 cN0/1 cM0 [cN0 
in 34 and cN1 in 12 cases] and with a curative-intent-to-
treat treatment sequence were included in a retrospec-
tive study design (Table 1). 89.1% of patients underwent 
[18F]FDG-PET/CT for initial staging and exclusion of an 
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M-stage. All patients underwent either systematic EBUS-
TBNA including Endoscopic Ultrasound with Broncho-
scope-Guided Fine Needle Aspiration (EUS-B) (since 
2016) or mediastinoscopy for invasive mediastinal stag-
ing (Table 2). T4-stage-defining-criteria were satisfied by 
at least one criterion, 87% of patients presented with mul-
tiple criteria, size (18 cases), mediastinal (38 cases) and 

great vessel infiltration (39 cases) (Table  3). In 11 cases 
the main carina, in 27 cases the right or left main bron-
chus and in 41 cases at least 3 bronchial segments were 
involved. Altogether, 21 patients were enrolled in the 
ESPATUE trial for stage IIIA non-small-cell lung cancer 
and treated in the definitive concurrent-radiochemother-
apy (ccRTx/CTx) arm [8 deemed non-resectable after a 

Table 1  Highlighting individual patient characteristics (age; gender) including initial diagnosis (histology; TNM-stage disease, tumour 
features)

Absolute n Percentage %

Age years

 < 60 years 20 43.4

 ≥ 60 years 26 56.6

Gender

Female 12 26.1

Male 34 73.9

Histology

Adenocarcinoma 12 26.1

Squamous-cell carcinoma 33 71.7

Non other specified 1 2.2

TNM-stage disease

T4 N0 M0 34 73.9

T4 N1 M0 12 26.1

Clinical performance status Absolute n Percentage %

ECOG-Status

ECOG 0 27 58.7

ECOG 1 18 39.1

ECOG 2 1 2.2

NYHA-Class

No cardiac insufficiency 32 69.6

NYHA 1 10 21.7

NYHA 2 4 8.7

COPD-Score (GOLD)

No pulmonary obstruction 17 36.9

COPD 1 5 10.9

COPD 2 20 43.5

COPD 3 3 6.5

COPD 4 1 2.2

Absolute n Percentage %

Operable 17 36.9

Functional non-operable 25 54.4

Technical non-operable 4 8.7

Total 46 pts 100%

Tumor characteristics Mean Range

Grading 2.5 1–4

PD-L1 [%] 27.25 [12 pts tested] 0–100

Post-CTx MTV 61.7 [29 pts] 0.2–265.2

SUVmax 4.1 2.0–13.8
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secondary tumor board consensus due to functional rea-
sons, 13 deemed resectable]. From the other 25 patients, 
4 patients were deemed resectable, but preferred a defini-
tive ccRTx/CTx and 21 patients underwent definitive radi-
ochemotherapy as deemed unresectable due to technical 
or functional reasons. All 46 patients received induc-
tion chemotherapy (iCTx) prior to ccRTx/CTx. Patients 
underwent in average 3 cycles of iCTx (range 1–5). 43 
patients received concurrent cisplatin- and vinorelbine-
based ccCTx, 1 patient received concurrent cisplatin and 
etoposide ccCTx, 1 patient received concurrent carbopl-
atin and vinorelbine based ccCTx and 1 patient started 
with concurrent cisplatin/ vinorelbine and switched 
to carboplatin-vinorelbine during the course of radio-
therapy due to deterioration of kidney function. Since 
21.09.2018, when durvalumab (IMFINZI®; September 
2018) was granted marketing authorization in the Euro-
pean Union, 8 patients received consolidation immuno-
therapy after definitive ccRTx/CTx. Twenty nine patients 
received hyperfractionated accelerated radiotherapy dur-
ing the first three weeks of radiotherapy, the remaining 
conventional fractionation. 27 patients received 3D con-
formal radiotherapy, 8 patients static field IMRT and 11 

patients VMAT. Patients and treatment characteristics 
are given in Tables 1 and 2.

Only 1 primary tumor (2.2%) was cavitated at initial 
diagnosis with a cavitation/ tumor ratio of 0.4, 7 tumors 
(15.2%) after iCTx with a cavitation/ tumor ratio of mean 
0.5 (range 0.3–0.9) and 5 tumors (10.8%) after ccRTx/CTx 
with a cavitation/ tumor ratio of mean 0.3 (0.3–0.4). No 
patient had a major cavitation/ tumor ratio at the end of 
radiochemotherapy. No patient suffered fatal pulmonary 
hemorrhage. The clinical lymph node status was cN0 in 
34 and cN1 in 12 patients.

Median follow-up of surviving patients was 61 months, 
minimum follow-up was 24  months. Overall survival 
rates in the ccRTx/CTx patient group at 2-, 3-, 5-, and 
7-years were 84.8%, 74.9%, 57.4%, and 57.4%, respectively. 
Concerning treatment modality our secondary analyses 
revealed that OS-rates of ccRTx/CTx at 5 years were with 
within 10% of the trimodality treatment according to our 
previous analysis (57.4% vs. 65.4%) [10]. Survival curves 
for patients treated with definitive radiochemotherapy 
or trimodality were not significantly different [Log Rank 
(Mantel-Cox) p = 0.184] (Fig.  1). Cox proportional-haz-
ards model was performed to explore the association 

Table 2  Summary of diagnostic work-up at initial diagnosis, RTx treatment (target dose, RTx duration, time between start of induction 
chemotherapy (iCTx) and RTx start, mean lung dose, lung V20 and mean heart dose) and sequence of systemic therapy

Absolute Percentage (%)

Staging and clinical work-up

Computed Tomography (CT) 46 100.0

[18F]FDG positron-emission-tomography/ computed-tomography (PET/CT) 41 89.1

Endobronchial Ultrasound Bronchoscopy (EBUS)/ Endoscopic Ultrasound with Bronchoscope 
(EUS-B)

19 41.3

Rigid bronchoscopy 46 100.0

Mediastinoscopy 28 60.9

Radiotherapy (RTx) Mean Range

Target dose
Gy

67.6 60.0–71.0

RTx duration
days (approx.)

44.5 31–115

Time between iCTx start and RTx start
days

79.7 20–150.4

Mean lung dose
Gy

14.4 10.4–18.9

Lung V20
%

23.9 6.8–32

Mean heart dose Gy 10.4 1.6–28.6

Systemic agents Absolute Percentage (%)

Induction chemotherapy 46 100.0

Concurrent chemotherapy 46 100.0

Adjuvant immunotherapy 8 17.4

Total 46 pts 100%
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between overall survival and several tumor and patient 
dependent factors that are summarized in Table 1. In the 
multivariable proportional hazard analysis using a for-
ward variable selection procedure, none of the factors in 
Table 1 became significant.

After durvalumab was granted marketing authorization 
12/46 patients were tested for PDL1-status (Clone 22C3), 
9 positive with a mean PDL1-expression of 29.3% (range 
2–100%). A total of 8 patients received durvalumab con-
solidation therapy.

Progression-free-survival-rates at 2-, 3-, 5-, and 7-years 
were 60.2%, 55.5%, 52.5%, and 52.5% after definitive 
ccRTx/CTx and 70.9%, 66.2%, 62.9%, and 60.9% after tri-
modality treatment (Fig. 2). The PFS-curves after defini-
tive ccRTx/CTx were not significantly different from 
those of the trimodality treatment (Log rank p = 0.276). 
Progression-free-survival-rates of 50% at 2- and 3-years 
were similar for the patients treated with durvalumab 
consolidation and the whole group of patients treated 
with definitive ccRTx/CTx. Comparing patient and tumor 
characteristics age, gender, histology, and N-category 
of the definitive irradiated patients with those who 
had received trimodality treatment described in the 

preceding publication [10], we observed a tendency to 
older patients and a slightly differing distribution over the 
histopathologic subtypes in the present group of patients 
receiving definitive radiochemotherapy (see Additional 
file 1: Table 1). Therefore, we balanced the groups accord-
ing to the histological subtype and age using inverse 
probability propensity score weighting. No important 
influence of propensity score weighting on overall sur-
vival or progression-free survival was observed  (Addi-
tional file  1: Supplementary Table  1). After propensity 
score weighting the 5-year overall survival was 58.9% vs. 
64.9% for the definitive ccRTx/CTx and trimodality group 
(Log rank test p = 0. 54), while progression-free survival 
at 5  years was 55.5% vs. 58.6% for the definitive ccRTx/
CTx and trimodality group, respectively (p = 0.94, Log 
rank test).

In addition, we conducted a competing risk analysis, 
with loco-regional recurrences as first sites of relapse, 
distant metastases, secondary tumors, and deaths with-
out relapse as concurrent risks. Loco-regional relapses as 
the first site of relapse were observed in 7 patients after 
definitive ccRTx/CTx. Figure 3 highlights cumulative inci-
dence functions (CIF) for loco-regional recurrences for 

Fig. 1  Overall survival of patients with T4 N0/1 M0 non-small cell lung cancer treated with definitive concurrent combination chemotherapy and 
radiotherapy (RCTx 1). For comparison, survival of NSCLC patients of the same TNM stage who received neoadjuvant radiochemotherapy and 
surgery were included (trimodal 2). The 95% confidence intervals for an inference at a single fixed time are shown as background areas of the same 
colour as the respective survivor functions. There were no significant differences between survival curves (p = 0.184, Log rank test)
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patients treated with definitive radiochemotherapy or 
neoadjuvant radiochemotherapy followed by surgery. The 
cumulative incidence of loco-regional recurrences after 
definitive ccRTx/CTx were significantly higher after defin-
itive radiochemotherapy in comparison to the trimodal-
ity treatment (p = 0.0012, Gray’s test). The cumulative 
incidence after definitive ccRTx/CTx approached 15.2% 
(95% CI 6.6–27.2%) at 36 months.

There were no combined distant and local failures 
as first site of relapse. Distant failures occurred in 12 
patients. Metachronous brain metastases occurred in 8 
patients. Of these 8 patients 1 patient suffered from com-
bined pancreas and brain metastases, 1 patient from liver 
metastasis, 1 patient from renal, 1 patient from pleural 
and 1 patient from pulmonal metastasis. The cumula-
tive incidence of distant metastases approached 26.1% 
(95% CI 14.4–39.4%) after ccRTx/CTx at 24 months and 
18.5% (10.1–28.8%) after trimodality treatment. Figure 4 
delineates cumulative incidence functions for distant 
metastases for patients treated with definitive radio-
chemotherapy or a trimodality treatment schedule. The 
incidences of distant metastases were not significantly 
different between definitive radiochemotherapy and the 
trimodality treatment regimen (p = 0.498, Gray’s test). 

Likewise there was no significant intermodality differ-
ence between incidences of secondary malignancies 
(Fig. 5, p = 0.435, Gray’s test). The cumulative incidences 
of secondary tumors at 84  months approached 15.5% 
(6.0–28.9%) after definitive ccRTx/CTx and 9.6% (3.9–
18.6%) after trimodality treatment.

During iCTx 1 patient suffered from grade 4° cytopenia 
(severe leukopenia), which resulted in an early discontin-
uation of iCTx (1 instead of 3 cycles). 15 patients (32.6%) 
suffered from CTC AE 2°/3° cytopenia (11 patients from 
pancytopenia, 3 patients from leukopenia, and 1 patient 
from anemia). Fatigue, atrial fibrillation and a minor 
cerebral ischemia which resolved without further neu-
rological deficits were further 2°/3° events emerging dur-
ing the course of iCTx. 12 patients (26.0%) encountered 
2°/3° esophagitis and/ or dysphagia during RTx. Figure 6 
highlights cumulative incidence functions (CIF) for non-
lung cancer deaths without relapse of the NSCLC in the 
first year. The cumulative incidence of non-lung cancer 
deaths was higher after surgery and 9.1% (95% CI 3.7–
17.7%) after 12  months indicating a higher post treat-
ment morbidity within the first year (p = 0.0360, Gray’s 
test) (Fig. 6).

Fig. 2  Progression free survival of patients with T4 N0/1 M0 non-small cell lung cancer treated with definitive ccRTx/CTx (RCTx 1) in comparison to 
patients of the same TNM stage who underwent a trimodality treatment (trimodal 2) (p = 0.276, Log rank test)
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Discussion
The reported 5-year survival rates of patients with path-
ological staged pT4 pN0/1 NSCLC depended on the T4 
criterion and ranged different in surgical series from 15% 
for tumors invading the left atrium to 33% for tumors 
with invasion of the carina [1]. In a large monoinstitu-
tional series from Paris, up-front surgery resulted in a 
5-year survival of 43% for carefully selected pT4 pN0/1 
cM0 NSCLC patients, that was better than for patients 
with pT4 pN2/3 tumors with 17.7% [17]. In the latter 
group, 9% of patients also had distant metastases. None-
theless, radical surgery with pneumonectomy should be 
conducted only in highly skilled lung cancer centers and 
avoided where possible due to a high morbidity and mor-
tality ranging from 4.6% to 12.5% [18, 19]. Li et al. ana-
lyzed clinically staged cT4 cN0/1 M0 tumors from the 
National Cancer Data Base (NCDB) of the USA based 
on the size criterion > 7  cm and found a better 5-year 
survival rate of 42.5% (95% CI 38.1–47.0%) for patients 

undergoing surgery than for those treated without sur-
gery (13.2% (95% CI 9.1–17.3%)) [20].

Besides radical surgery neoadjuvant radiochemo-
therapy has been characterized as an important treat-
ment modality to reduce tumor mass, enhancing the 
R0 resection rate and achieving 5-year overall survival 
rates in T4 N0/1 M0 up to 65.4% with a median follow-
up of 134  months in high-volume cancer centers dedi-
cated to lung cancer treatment [5, 10, 21–25]. De Leyn 
et al. report a projected 5-year survival rate of 60.3% in 
17 patients with centrally located cT4 N0 M0 NSCLC 
undergoing neoadjuvant radiochemotherapy followed 
by resection [5]. Long term survival estimates miss due 
to a short follow-up of 3 years [5]. Overall survival rates 
reported by Lococo et al. are considerably lower with 41% 
at 5 years and 0% at 10 years in a collective of 11 patients 
with cT4 N0 M0, of whom 35% received induction radio-
chemotherapy [22]. In the prospective phase-II SWOG 
(Southwest Oncology Group) 8805 study 17 patients with 
T4 N0/1/X M0 had a median survival time of 28 months 

Fig. 3  Cumulative incidence function (CIF) for loco-regional recurrences as the first site of relapse for patients treated with definitive 
radiochemotherapy (RCTx 1) or neoadjuvant radiochemotherapy followed by surgery (trimodal 2). Concurrent risks were distant metastases or 
secondary cancers. The background areas of the same colour as the CIF represent the pointwise 95% confidence. Also moderate, the incidences of 
loco-regional recurrences were significantly higher after definitive radiochemotherapy in comparison to trimodality (p = 0.0012 Gray’s test)
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undergoing induction radiochemotherapy followed by 
surgery [23]. Median follow-up was 2.4 years (range, 1.0–
3.1). Stupp et  al. report a 5-year overall survival rate of 
40% in a group of 46 patients with cT1-4 N2/3 M0 and T4 
N0/1 M0 NSCLC undergoing neoadjuvant radiochemo-
therapy followed by surgery, without significant differ-
ence between both subgroups [24]. Likewise, Perentes 
et al. report a 5-year survival rate of 45% in 37 patients 
with cT4 N0/1 M0 NSCLC and 35 patients with cT4 N2 
M0 NSCLC after induction radiochemotherapy followed 
by resection, also without significant difference between 
both, prognostically different subsets of subgroups [25]. 
Results from our group were favourable with an overall 
5-year survival of 65.4% that depended on histopatholog-
ical downstaging and approached 80.5% 5-year survival 
for the 46% of patients achieving a ypT0 status [10].

Definitive radiochemotherapy in non-resectable  T4 
N0/1 M0 NSCLC was examined only by a few retro-
spective reporting 5-year survival rates ranging from 25 
to 35% [26, 27]. In the prospective SWOG-9019 study 

[9] Albain et  al. examined survival of patients with cT4 
cN0/1 M0 undergoing definitive radiochemotherapy in 
comparison with the trimodality study SWOG-8805 [23]. 
Employing identical eligibility criteria as the antecedent 
comparison trial SWOG-8805 [23] a T4 status was con-
firmed either by thoracotomy or thoracoscopy, by bron-
choscopy with documentation of an involvement of the 
trachea or carina, by CT, MRI or transesophageal ultra-
sound with confirmation of a direct invasion of the heart, 
esophagus, aorta or vertebral body [28]. A N0/1 status 
required either a negative mediastinoscopy or no medi-
astinal nodes of any size on CT scan, equivalent to the 
present study [28]. Albain et al. demonstrated that defini-
tive concurrent radiochemotherapy is feasible with a 
reasonable toxicity profile. However, median survival for 
T4 N0/1 M0 disease remained moderate with a median 
survival of 20 months, and a 5-year survival rate of 17% 
[9]. These results were inferior to those after trimodality 
treatment from SWOG-8805 for T4 N0/1 disease with 
6-year survival rate of 49%. Gandara et al. examined the 

Fig. 4  Cumulative incidence function for distant metastases as the first site of relapse for patients treated with definitive radiochemotherapy 
(RCTx 1) or neoadjuvant radiochemotherapy followed by surgery (trimodal 2). Concurrent risks were local recurrences or secondary cancers. The 
incidences of distant metastases were not significantly different between definitive radiochemotherapy and the trimodality treatment regimen 
(p = 0.4983 Gray’s test)
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feasibility of consolidation docetaxel 4–6  weeks after 
concurrent radiochemotherapy in patients with T4 N0/2 
or T1-3 N3 disease without distant metastases NSCLC 
[28]. The study involved 31 patients with T4 N0/1 tumors 
(37%) [28]. The identical staging and eligibility crite-
ria were used as in SWOG-9019 [9]. A N0/1 status was 
determined if mediastinoscopy was negative or if there 
was no evidence of mediastinal nodes greater than 1 cm 
on CT [28]. Median survival was 31 months for patients 
with T4 N0/1 M0 tumors in this study [28].

The present study shows overall survival rates after 
definitive radiochemotherapy numerically superior 
compared to the previous definitive radiochemotherapy 
studies for cT4 N0/1 M0 non-small-cell lung cancers. 
5-year survival was above 50%, irrespectively whether 
patients were functionally, technically and prognosti-
cally non-resectable or resectable after neoadjuvant 
radiochemotherapy and randomly selected for definitive 
radiochemotherapy within the ESPATUE trial. In the 
prospective randomized ESPATUE phase-III trial, where 
resectable T4 N0/1 M0 NSCLC patients represented one 

third of the whole patient collective, no differences are 
reported between the surgical and the definitive radio-
chemotherapy arm overall with the limited resolution 
of a moderate sized randomized trial [11]. Contrary to 
previous studies the present study comprises a compa-
rably long follow-up of a larger retrospective series of 
consecutive patients with histopathologically confirmed 
T4 N0/1 M0 NSCLC. At initial diagnosis patients were 
invasively staged by rigid bronchoscopy and medias-
tinoscopy or EBUS-TBNA. Furthermore, all patients 
underwent computed tomography and 89.1% received 
[18F]FDG-PET/CT for pre-therapeutic clinical staging. 
The clinical tumor stage at initial staging was reclassified 
according to the 8th edition of UICC using imaging stud-
ies as well as results from minimal invasive staging. 87% 
of tumors exhibited multiple T4-critieria. 3- and 5-year 
survival in the present study compares favorably by an 
absolute difference > 10% even to the durvalumab arm 
of the Pacific trial (74.9% and 57.3% compared to 56.7% 
[6] and 42.9% [29]). This emphasizes the more favorable 
prognosis of T4 N0/1 M0 patients in comparison to the 

Fig. 5  Cumulative incidence function for secondary tumors revealed no significant intermodality difference between incidences of secondary 
malignanciesfor patients treated with definitive concurrent radiochemotherapy (RCTx 1) compared to those treated with neoadjuvant 
radiochemotherapy followed by surgery (trimodal 2) (p = 0.4352, Gray’s test)
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broad class of stage III tumors. Cumulative incidences of 
distant failures at 5 years in this study were smaller than 
in the best arm of the conventional radiation dose arm of 
the RTOG 0617 trial for definitive radiochemotherapy in 
unresectable stage III NSCLC [26.1% (14.4%–39.4%) vs. 
52.3 (45.3–58.8%)] [30], once again confirming a special 
role of T4 N0/1 M0 in the group of stage-III lung tumors. 
Important to notice is that we observed no combined 
distant and loco-regional failures as first site of relapse. 
Likewise, cumulative incidences of loco-regional failures 
were smaller than in the RTOG 0617 trial [15.2% (95% 
CI 6.6–27.2%) at 3  years in the present study vs. 49.7% 
(42.8–56.3%) [30]]. Kim et  al. report cumulative inci-
dences of loco-regional recurrence of 48.8% in T4 N0/1 
M0 patients after definitive ccRTx/CTx [26]. The cumu-
lative risk of loco-regional relapses remains significantly 
higher than in the trimodality treatment confirming the 
key role of trimodality in fit patients with resectable dis-
ease and only low risk of high-grade postoperative mor-
bidity. However, due to other concurrent risks this does 

not transform into an overt survival benefit in this lim-
ited size comparison.

In the landmark trial PACIFIC by Antonia et  al. eval-
uating consolidation immunotherapy after definitive 
radiochemotherapy, overall survival was enhanced by 
adjuvant durvalumab therapy in unresectable stage 
NSCLC [according to the Staging Manual in Thoracic 
Oncology, version 7] [6]. Though, this data may not be 
extrapolated directly to T4 N0/1 M0 NSCLC, in the pre-
sent study 2-year survival rate of patients who received 
durvalumab consolidation therapy was 100% (n = 8) com-
pared to 84.7% in the whole group supporting a potential 
benefit also in this subgroup of patients. Durvalumab 
consolidation could reduce the incidence of loco-regional 
and distant metastases by about one forth [6].

Expert reviews and analyses from cancer registries in 
Europe, USA and Korea report an increased risk of death 
from cardiovascular events, pulmonary diseases, and 
secondary malignancies in long term survivors from tho-
racic tumors [31–35]. Still, the majority of deaths even 

Fig. 6  Cumulative incidence function (CIF) for deaths without detected relapse of the NSCLC in the first year. Concurrent risks were deaths after 
a relapse. The cumulative incidence after surgery was higher indicating a higher post treatment morbidity within the first year for patients treated 
with definitive radiochemotherapy (RCTx 1) compared to those treated with neoadjuvant radiochemotherapy followed by surgery (trimodal 2) 
(p = 0.0360, Gray’s test)
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after 10 years of follow up is owed to cancer [31, 34, 35]. 
Secondary tumors are common in the long-term follow-
up. The risk of the development a secondary lung cancer 
is reported as 1% per year [36–38]. In the present study 
neither distant nor local relapses of the primary tumor 
occurred later than 3 years. Secondary malignancies rep-
resented one of the major causes of death after 5  years 
of follow up and the cumulative incidences approached 
15.5% (6.0–28.9%) at 7 years.

Data from the Danish Cancer Registry are support-
ing that resection can impact mortality far beyond the 
initial 30  days and that cumulative non-cancer mortal-
ity at 360 days is a valid measure for the adverse events 
after surgery [39]. In this study cumulative incidence 
of non-lung cancer related mortality was higher in 
patients treated with trimodality than with definitive 
radiochemotherapy.

Conclusions
Long-term 5-year overall survival at 57.4% was found in 
patients with resectable cT4 N0/1 and non-resectable 
cT4 N0/1 NSCLC after induction chemotherapy fol-
lowed by definitive radiochemotherapy. OS- and PFS-
rates of ccRTx/CTx were similar within 10% difference  to 
the whole group of patients in this stage group treated 
with trimodality treatment. Loco-regional relapses were 
higher after definitive radiochemotherapy and non-can-
cer related deaths lower than with trimodality treatment. 
Definitive radiochemotherapy is an adequate alterna-
tive for patients with an increased risk of surgery related 
morbidity. Durvalumab consolidation for patients with 
PD-L1 expressing tumors is promising.
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