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a b s t r a c t

Background: Inoperable, locally advanced non–small-cell lung cancer (LA-NSCLC) remains associated with high
rates of locoregional failure despite concurrent chemoradiotherapy and consolidation immunotherapy. Uniform
dose escalation has failed to improve outcomes. We propose to address intra- and interindividual tumor hetero-
geneity by spatially fractionated radiotherapy (SFRT) and stereotactic body radiotherapy (SBRT).
Patients & Methods: SPARROW is a prospective, multicenter, open-label seamless phase I/II randomized clinical
trial. In phase I, up to 32 patients with inoperable LA-NSCLC receive induction SFRT (Lattice or central boost,
1 × 18 Gy), followed by a 4-week interval and adaptive consolidation radiotherapy (25 × 2.4 Gy). Tumor volume
reduction (primary endpoint), safety, and feasibility guide selection of the optimal SFRT approach. A “backup
arm” allows SBRT of small primary tumors with mediastinal fractionated radiotherapy (25 × 2.4 Gy). In phase II,
100 patients are randomized (1:1) to this personalized treatment (induction SFRT or SBRT of the primary) versus
standard fractionated radiotherapy (30-35 × 2 Gy). Both treatment arms employ intensity-modulated and adap-
tive radiation techniques. The primary endpoint is progression-free survival (PFS). Secondary and translational
endpoints include overall survival, locoregional control, patient-reported outcomes, circulating tumor DNA and
immune profiling.
Discussion: SPARROW investigates whether personalized and novel radiotherapy techniques can overcome tumor
heterogeneity and radioresistance in LA-NSCLC. The embedded translational program aims to characterize poten-
tial antitumor immune responses. Thus, SPARROW could redefine dose concepts in radiation oncology beyond
lung cancer.
Trial Registration: https://www.drks.de:DRKS00037163.
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Figure 1. SPARROW trial design. Dices represent randomization steps (1:1). NSCLC = non–small-cell lung cancer; CEBO = central tumor boost; SBRT = stereotactic
body radiotherapy; Gy = gray; TPS = Tumor proportion score, reflecting tumor programmed death-ligand 1 (PD-L1) expression.

Figure 2. Geometries of different spatially fractionated radiotherapy approaches. (A) Lattice. (B) Central boost to the tumor (CEBO).

Translational Program

SPARROW incorporates longitudinal peripheral immune-
phenotyping (PBMC subsets, cytokines), circulating tumor DNA
(ctDNA) assessments, and multiparametric MRI. These data are
correlated with clinical outcomes to substantiate the hypothesized
immunogenic effects and to refine imaging-based definition of tumor
subvolumes in SFRT.

Discussion

The SPARROW trial addresses a fundamental limitation in the man-
agement of LA-NSCLC: the reliance on “one-size-fits-all”, homogeneous
RT concepts in a biologically and anatomically heterogeneous disease.
Previous attempts at uniform radiation dose escalation have failed to
improve clinical outcomes, which underscores the narrow therapeutic
window of conventional RT.4,8 SPARROW represents the first prospec-
tive clinical trial that approaches inoperable LA-NSCLC with different

RT concepts tailored to the anatomical disease spread. By integrating
induction SFRT or SBRT into a personalized treatment framework to-
gether with modern IMRT and ART, the trial seeks to intensify intra-
tumoral dose and stimulate immune responses while maintaining OAR
protection.

Previous and ongoing trials in selected cases with low volume dis-
ease suggest improved locoregional control when combining SBRT with
fractionated RT.2,15 However, SBRT is challenging in large tumors close
to sensitive OAR. Early clinical studies have found encouraging results
when treating bulky tumors with SFRT,10,11 but clinical outcome data
remains limited. Moreover, different SFRT approaches have not yet been
standardized and sufficiently characterized clinically. Hence, the SPAR-
ROW trial will investigate and compare two frequently applied SFRT
techniques, Lattice and central tumor boosts (here termed CEBO), in a
standardized, prospective setting. Advanced MRI and imaging biomark-
ers will be explored to better define biologically distinct subregions
within bulky tumors and refine target selection for spatial dose esca-
lation.13 Importantly, SPARROW is among the first prospective trials to
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investigate the theoretically proposed immunogenic effects of SFRT in-
vivo.14 Longitudinal immune phenotyping of PBMC and ctDNA analy-
ses may clarify whether SFRT induces response signatures distinct from
conventional fractionation and potentially more comparable to SBRT.
Thus, patients who receive SBRT and / or fractionated RT may serve
as comparison. In this context, we chose a moderately hypofractionated
approach to consolidative and/or mediastinal RT to minimize interfer-
ence with potential immune stimulation.

Limitations of this trial include the moderate sample size, with both
trial phases aiming for descriptive rather than confirmatory results.
Moreover, systemic treatment is only partly standardized so that con-
secutive heterogeneity may result.

Conclusions

The SPARROW trial combines novel RT techniques with modern
adaptive techniques to improve outcomes in patients with locally ad-
vanced NSCLC. In specific, SPARROW will characterize the clinical
outcomes and potentially distinct antitumor immune responses after
spatially fractionated RT, which might redefine RT paradigms beyond
NSCLC.
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