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Abstract

Purpose We compared failure patterns in patients with inoperable stage III non-small cell lung cancer (NSCLC) treated 
with chemoradiotherapy (CRT) alone versus CRT combined with sequential and/or concurrent immune checkpoint inhibi-
tors (CRT-IO).
Methods Retrospective real-world data from 221 patients across two German tertiary cancer centers were analyzed. Of 
these, 74 received CRT-IO, including sequential durvalumab (85%) and concurrent/sequential nivolumab (15%), while 148 
received CRT alone. First failure site and time to failure were compared.
Results -

(p
(95% CI 7.0–12.8) for CRT (p = 0.001, see Fig. 1).

rates (9.5% vs. 21.8%, p = 0.023) and were more frequently alive without progression (45.9% vs. 
p -

lated extracranial distant metastasis (ecDM) rates were comparable between the CRT and CRT-IO 
p

cell carcinoma (SCC) patients had higher LRP rates (25.3% vs. 13.0%, p

CI 5.8–13.1) for CRT (p = 0.207). PPS was longer after BM (19.9 months) vs. LRP (8.5 months, 
p p = 0.012) and adenocarcinoma/non-

p < 0.001).
Conclusion 

disparities by histology and gender suggest tailored surveillance and treatment strategies are needed. Further studies should 
optimize management of LRP and long-term outcomes in CRT-IO-treated patients.
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Introduction

In patients with inoperable stage III non-small cell lung 
cancer (NSCLC), the vast majority experience loco-

2010; Flentje et al. ; O'Rourke et al. 2010; Sause et 
al. 1995; Vokes et al. 2007). Chemoradiotherapy (CRT) has 

et al. 2010). Since 2017, maintenance therapy with the pro-
grammed cell death ligand 1 (PD-L1) inhibitor durvalumab 
has been recommended following CRT after the pivotal 

2018, 2017), starting the era 
of CRT combined with maintenance immune checkpoint 
inhibition (CRT-IO). However, despite these advancements, 
the majority of patients will still face progressive disease 
experiencing multifocal progression (MFP), isolated brain 
metastasis (BM), isolated extracranial distant metastasis 
(ecDM) or isolated loco-regional progression (LRP).

-
-

tron-emission tomography/CT (FDG-PET/CT), may enable 
the earlier detection of asymptomatic disease progression 
post-CRT and potentially enhance post-recurrence survival 
outcomes and is therefore recommended (Cerfolio et al. 
2004; Lardinois et al. 2003; Schneider et al. 2020; Westeel 
et al. 2022). Disease progression following primary treat-
ment is strongly associated with a substantial decline in both 

previous studies have demonstrated that the time to loco-
regional recurrence and the onset and distribution of distant 

[17
We have previously reported on failure patterns in 

patients treated with CRT alone and compared the onset of 
LRP and metastasis between those receiving CRT versus 
CRT-IO (Florsch et al. 2023; Hofstetter et al. 2024; Taugner 
et al. 2020; Unterrainer et al. 2022). In this study, we aim to 
analyze data from two high-volume tertiary cancer centers 
in Germany to assess shifts in failure patterns following the 

data on salvage treatment options, including post-progres-
sion survival outcomes, for the patients of this cohort in the 
near future.

Patients and Methods

We screened 398 consecutive patients with unresectable 
stage IIIa-IIIc NSCLC (UICC 8th edition) treated between 
2011 and 2023. Of these, 221 (55.5%) were treated with 
two cycles of concomitant platinum-based chemotherapy 

-
fore included in the analysis. Baseline FDG-PET/CT was 

multimodal treatment to enhance contouring accuracy. Cra-
nial contrast-enhanced magnet resonance imaging (cMRI) 
was conducted in 105 (47.5%) patients, while the remaining 
patients underwent cranial contrast-enhanced CT. Next gen-
eration sequencing (NGS) or other forms of tumour muta-
tion analysis were only performed in < 10% of patients and 
analysis concerning tumour driver mutations and failure-
patterns, therefore could not be carried out. It is of note, 
that in both institutions all patients are required to undergo 
NGS prior to treatment since 2023. CRT was the recom-
mended therapy of a multidisciplinary tumor-board for each 
patient. CRT-IO treatment regimens (n = 74) included either 
concurrent and maintenance therapy with the PD-1 inhibi-

study (n = 11 patients, 15%) or maintenance therapy with 

-
ventional planning CT and/or PET-CT. Patients were 
positioned supine with their arms placed overhead. Target 

aligning with the later-published guidelines of the European 
-

(Nestle et al. 2018
beams delivered by a linear accelerator, using cone-beam 
CT–based image guidance. Follow-up imaging CT scans 

after treatment, every six months for the next three years, 
and annually thereafter. PET/CT, cMRI and histological 

carried out when deemed necessary.
Four possible outcomes were documented for each indi-

vidual patient: death without documented progression, MFP, 

alive, without progression in the last documented follow-up, 
were censored. Survival parameters were calculated from 

we calculated progression free survival (PFS), time to MFP, 
time to BM, time to ecDM and time to LRP. Patient and 
treatment-related characteristics are shown in Table 1.

Data was analysed with the Kaplan–Meier method using 
the log-rank test and multivariable Cox-regression using 

retrospective study and individual patient data analysis 
were approved by the two local ethics committees (Ref. No. 
17–230 and 423/2024BO2).
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Results

doublet chemotherapy combined with thoracic radiotherapy 

NOS carcinoma.

were observed between the CRT and CRT-IO groups regard-
ing gender, histology, or disease stage (see Table 1). Treat-

(10%) of patients and wit 3D-conformal radiotherapy (3D-
CRT) in 35 (15.8%) of patients.

The median follow-up duration was 51.7 months (95% 

-
cantly improved in the CRT-IO group compared to the CRT 
group. To date the OS has not been reached yet in the CRT-
IO group vs. 27.1 months (95% CI 18.5–25.7) in the CRT 
group (p < 0.001), while median PFS was 22.8 months (95% 

p = 0.001), 
see also Fig. 1.

[p
8.3 months [p

Patterns of first failure

In the entire cohort, 13.1% of patients died without docu-

remained alive without progression.

CRT-IO and CRT subgroup: Patients receiving CRT-IO had 
a lower rate of death without documented progression (5.4% 
vs. 17.0%, p -

p
of LRP (9.5% vs. 21.8%, p = 0.023). However, rates of MFP, 

groups. See Table 1.

likely to die without documented progression (p = 0.045) 
and showed a trend toward a lower incidence of BM as the 

Fig. 1 Progression free survival after the end of radiotherapy for patients treated with CRT vs CRT-IO
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(p = 0.001).
-

cantly later in SCC (median 15.4 months, 95% CI 11.3–19.5) 

observed in large-cell or NOS carcinoma (p = 0.028).

patients with UICC stage IIIC (p = p
tumours (p

Survival after first failure

Post-progression survival (PPS) was a median of 

(95% CI 5.8–13.1) in the CRT group (p = 0.207).

(95% CI 3.2–34.0) after MFP, 19.9 months (95% CI 10.5–

of progression (n = 9), had not yet reached median PPS, 
whereas CRT-IO patients with LRP (n = 7) had a median 
PPS of only 2.4 months (95% CI 1.4–3.4, p

p
(p = 0.555), ecDM (p = 0.982) and LRP (p = 0.444) did not 
correlate with UICC stage.

-
p

p
of failure (25.3% vs. 13.0%, p

Timing of first failure

The median time from the end of thoracic radiotherapy (TRT) 
to ecDM was 5.1 months (95% CI 2.9–7.3). BM occurred 
after a median of 7.9 months (95% CI 4.9–10.8), LRP after 

CI 5.8–11.2), and death without documented progression 
2.

There was a trend toward a longer median time to BM in 
patients treated with CRT-IO compared to CRT alone (11.0 vs. 
5.1 months, p = 0.082). Patients with large-cell or NOS car-

p

Fig. 2
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PPS following brain metastases was observed in women 
(p = 0.072). See also suppl. Table 2.

Discussion

This study demonstrates that the addition of immunotherapy 
to concurrent chemoradiotherapy (CRT-IO) for patients with 

but also shifts patterns and timing of progression as well 
PPS survival. Compared to CRT alone, CRT-IO resulted in 
vastly prolonged median OS and PFS. The median OS was 
not reached in the CRT-IO cohort, whereas patients treated 
with CRT alone had a median OS of 27.1 months, reinforc-

-

9.9 months, p

-
tion immunotherapy following CRT in stage III NSCLC 

2018, 2017; Flentje et al. ; Kakiuchi et 
al. 2024; Taugner et al. 2021).

p = 0.012, Fig. 3
(20.0 months, 95% CI 11.0–28.9) and large-cell/NOS carci-

-

p < 0.001, Fig. 4).
-

cant impact on PPS.

Gender and outcome

-

p = 0.045). Median PPS was also superior in 

p = 0.012), and median time to death 

p

Fig. 3
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consolidation therapy with durvalumab is only permit-
ted for PD-L1–positive tumors, it is unsurprising that the 

CRT-alone subgroup compared to the CRT-IO subgroup 
(p = 0.032).

Subgroup analyses revealed additional prognostic fac-
-

p
-

gression patterns (Kishi et al. 2023 ). Histological subtype 
-

noma (SCC) being associated with a lower incidence of BM 
(2.0% vs. 21.0% in non-SCC, p < 0.001) but a higher rate of 
LRP (25.3% vs. 13.0%, p

procedures, such as tailored imaging, may be warranted to 
optimize treatment outcomes and detection of failure.

incorporating smoking history, pathology, tumor location, 
EGFR mutation status, age, tumor diameter, clinical N 
stage, consolidation chemotherapy, and radiation dose (Zhu 
& Fu 2019; Zhu et al. 2020
this model, however, our cohort was more homogeneous, 

The patterns of disease progression varied between treat-

LRP compared to CRT alone (9.5% vs. 21.8%, p = 0.023). 
However, rates of MPF, BM, and ecDM were comparable 
between groups. The reduction in LRP may be attributable 

irradiated areas, enhancing local tumor control after radio-
therapy. Notably, a higher proportion of patients remained 
alive without progression in the CRT-IO group (45.9% vs. 

p
adding immunotherapy to CRT. Furthermore, reduced tox-
icity due to improved delivery methods of thoracic-radio-
therapy throughout the last decade might have considerably 
improved the overall outcome in both our patient subgroups 

2010; Garg et al. 
2014
superior outcomes for patients treated with CRT alone when 

p = 0.039) 
and progression-free survival (PFS, p = 0.003). Interest-
ingly, no observable impact on failure patterns or PPS was 

step-and-shoot IMRT, or 3D-CRT.

present with PD-L1–negative tumors, and considering that 

Fig. 4
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Wheatley-Price et al. 2010). Histology also played a role in 

than those with SCC (8.4 months, p < 0.001). This is likely 
due to the higher incidence of LRP in SCC patients and the 
poor prognosis after onset of LRP. In contrast, the initial 

by initial treatment and histological subtype than initial dis-
ease burden.

Female patients were more frequently diagnosed with 

(p = 0.037), which may contribute to the higher incidence 
of brain metastases observed in this subgroup. Patients 

compared with those experiencing LRP, suggesting a poten-

therapies for intracranial disease. Moreover, among patients 

longer survival than men (27.7 vs. 11.1 months; p = 0.011). 
-

p

-
ena, such as stronger innate and adaptive immune responses 

-

expression transcriptionally upregulates CD274/PD-L1, 

-
-

nale for combining aromatase inhibitors, such as letrozole, 
with pembrolizumab to potentially enhance therapeutic 

2023
et al. conducted a prospective observational cohort study 

with metastatic NSCLC. They correlated hormone levels 

-
gens) were associated with poorer ICI response outcomes 

2023). Moreover, female patients are gener-

counterparts, which could contribute to the observed sur-
vival advantage. In the female cohort there was a numeri-
cally higher percentage of never smokers (13.3 vs 2.7%, 
p = 0.058). These factors warrant further investigation.

with all patients receiving similar radiation doses and che-
motherapy. Due to limited mutation analysis, EGFR status 
remains unknown for most patients in our cohort. Because 
NGS is mandatory in both institutions since 2023 we hope 
to evaluate patterns of failure in patients with driver muta-
tions in the near future. Unlike Zhu et al., we found no 

-
terns (Zhu & Fu 2019; Zhu et al. 2020). Numerous stud-
ies have reported that SCC patients have a higher risk of 

distant failure (Katagiri et al. 2021; Kita et al. 2023; Nygard 
et al. 2018; Taugner et al. 2020). Oncogenic driver muta-
tions must be considered in future personalized treatment 

2024). They must also be considered in personalized imag-

(Nakamura et al. 2019).
-

strated a trend toward delaying BM occurrence compared to 
CRT alone (11.0 vs. 5.1 months, p = 0.082).This is consistent 

2023). The 
timing of LRP varied by histology, with adenocarcinoma 

(19.7 months) compared to SCC (8.0 months) and large-cell 
p

and timing of failure, highlighting the importance of per-
sonalized follow-up and intervention strategies.

PPS analysis further highlights the survival advantage 

and CRT patients, even though CRT-IO patients had a 
numerically longer PPS than CRT-alone patients (19.4 vs. 
9.5 months, p -
ure site, with the longest survival observed following BM 

associated with the poorest prognosis (8.5 months). Patients 
initially treated with CRT-IO who developed BM had not 
yet reached median PPS, whereas those with LRP had a 
particularly poor outcome (2.4 months, p

survival in patients with distant progression, those with 
LRP remain at high risk for poor outcomes. The reduced 
frequency of LRP in patients initially treated with CRT-IO 
may be a key factor why OS is improved this hugely. This 
is in line with our previously published data (Florsch et al. 
2023; Hofstetter et al. 2024).

than men (20.7 vs. 8.9 months, p = 0.012), consistent with 
prior studies suggesting a survival advantage for female 
NSCLC patients (Taugner et al. 2019; Wakelee et al. ; 
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Conclusion

CRT-IO over CRT alone in stage III NSCLC, particularly 

in failure patterns and PPS based on histology and gender 
highlight the need for tailored surveillance and treatment 
approaches. Further research should explore strategies to 
mitigate loco-regional recurrence and optimize long-term 
outcomes in patients receiving combined modality therapy.
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With increased salvage options, the PPS of patients 
with advanced NSCLC has steadily improved over the past 
decade, as demonstrated by the meta-analysis by Rutkowski 
et al. (Rutkowski et al. 2019). Our previous report in 2020 
included only patients without durvalumab maintenance 
during initial treatment (Taugner et al. 2020). Given the 

shifting failure patterns may now favor local ablative strat-

advanced NSCLC (Friedes et al. 2024; Taugner et al. 2021; 
Xu et al. 2021).

This study has several limitations that should be 

homogeneous with respect to baseline characteristics, 
tumor stage, and treatment indication, the data were col-
lected over a period spanning more than a decade and 
across two high-volume institutions. Consequently, 

-
niques, systemic therapy regimens, and follow-up pro-

-
tive analysis is the lack of detailed information on the 
rationale for induction therapy in all patients. In the Ger-
man healthcare system, induction therapy is occasion-
ally given at smaller hospitals before referral to tertiary 
centers for chemoradiotherapy to avoid delays. Some 
patients were initially considered for surgery but later 
declined or were deemed unresectable after induction 

treatment pathways. Moreover, as with all retrospective 
analyses, our study is subject to inherent limitations, 
including potential selection bias, incomplete documen-
tation, and unmeasured confounding variables that may 

absence of randomization also restricts the ability to 
establish causal relationships between treatment strate-
gies and survival endpoints.

focused primarily on initial disease progression, and detailed 
data regarding salvage and palliative treatments following 
recurrence were not included. Given the complexity and 
heterogeneity of these management strategies, we believe 
that their comprehensive evaluation exceeds the scope of 
the current report. Nevertheless, we recognize that these 
factors play a crucial role in determining post-progression 
outcomes. To address this, we are currently curating and 
analyzing these data for a dedicated follow-up publication, 
which will provide an in-depth assessment of salvage and 
palliative treatment patterns and their impact on survival.
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