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Case Report: Three-fraction
lattice radiotherapy followed
by VMAT concurrent
chemoradiotherapy in
locally advanced non– small
cell lung cancer
Chunyang Zhou1, Hong Liu1, Chao Yan1, Tao Yang1, Aijie Yang1,
Xiangyong Liu1, Xiaoli Liu1 and Zijian Wang2*

1Department of Radiotherapy, Qilu Hospital of Shandong University, Shandong University, Qingdao,
Shandong, China, 2Qilu Hospital of Shandong University, Shandong University, Qingdao, Shandong, China
Background: In unresectable stage III non–small cell lung cancer (NSCLC) with
bulky primary tumors and extensive nodal irradiation volumes, dose escalation
during concurrent chemoradiotherapy (cCRT) is often limited by the tolerance of
organs at risk (OARs). Lattice radiotherapy (LRT), a form of spatially fractionated
radiotherapy (SFRT), generates a characteristic intratumoral peak–valley dose
distribution, which may enable focal dose intensi� cation without increasing the
dose to surrounding normal tissues.
Case description: A 65-year-old man with unresectable stage IIIC (cT4N3M0)
poorly differentiated squamous cell carcinoma of the right upper lobe � rst
underwent 3 fractions of LRT. He then received volumetric modulated arc
therapy (VMAT) delivered concurrently with platinum-doublet chemotherapy.
During treatment, cone-beam CT (CBCT) demonstrated marked tumor
regression; a second CT simulation was performed and target volumes were
recontoured, reducing the primary gross tumor volume (GTVp). The patient
completed the remaining 14 fractions using the new plan. Treatment was well
tolerated, with only grade 1 sore throat and reversible anemia, both improving
with supportive care. One month after completion, chest CT showed substantial
tumor shrinkage consistent with a partial response (PR) per RECIST v1.1.
Approximately 1.5 months post-treatment, radiation-induced pneumonitis
occurred and improved with anti-infective/supportive management. The
Eastern Cooperative Oncology Group (ECOG) performance status remained
0–1 during follow-up.
Conclusions: This case suggests that, in unresectable stage III pulmonary
squamous cell carcinoma, a combined strategy of limited-fraction LRT plus
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VMAT with concurrent chemotherapy, together with on-treatment adaptive
replanning, can achieve favorable short-term ef� cacy and acceptable toxicity
while maintaining OAR doses within constraints. This approach provides a
practical reference for individualized radiotherapy with complex target volumes.
KEYWORDS

adaptive replanning, lattice radiotherapy, non-small cell lung cancer, spatially
fractionated radiotherapy, volumetric modulated arc therapy
Introduction

Non–small cell lung cancer (NSCLC) accounts for over 80% of
all lung cancers, and a substantial proportion of patients present at
diagnosis with unresectable, locally advanced disease. For these
patients, the standard of care is concurrent chemoradiotherapy
(cCRT) followed by programmed death-ligand 1 (PD-L1)
immunotherapy (1). Radiotherapy is typically delivered with
conventional fractionation to a total dose of approximately 60–66
Gy (2 Gy/fraction over ~6–6.5 weeks), aiming to maximize tumor
control while respecting organs at risk (OARs) dose constraints.
However, when the primary tumor is bulky and treatment must
encompass extensive nodal irradiation volumes, achieving a
uniform prescription dose is constrained by normal-tissue
tolerances; meaningful dose escalation becomes dif�cult, and the
addition of systemic chemotherapy further increases the toxicity
burden (2).

Spatially fractionated radiotherapy (SFRT) encompasses two-
dimensional GRID and its three-dimensional evolution, lattice
radiotherapy (LRT). The central concept is to create an
intratumoral peak–valley dose distribution, allowing very high
doses to be concentrated within selected tumor regions
(“vertices”) while maintaining the dose to surrounding normal
tissues within constraints. In LRT, multiple spherical high-dose
vertices are placed entirely within the tumor volume to achieve focal
dose intensi�cation without increasing the dose to surrounding
normal structures (3).

Here, we report a patient with unresectable stage IIIC
(cT4N3M0) locally advanced pulmonary squamous cell
carcinoma treated with 3 fractions of LRT followed by
conventionally fractionated volumetric modulated arc therapy
(VMAT) delivered concurrently with platinum-doublet
chemotherapy (paclitaxel plus carboplatin). The regimen achieved
favorable short-term ef�cacy with acceptable safety and may
provide a practical technical reference for similar patients.
Case presentation

A 65-year-old man, a never-smoker with a 2-year history of
hypertension and no family history of malignancy, was incidentally
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found to have a right lung mass during hospitalization for
hemorrhoid treatment. He reported intermittent irritative cough
with scant white sputum, without hemoptysis, chest pain, fever, or
chills. Chest computed tomography (CT) demonstrated a large
apical mass in the right upper lobe (axial dimensions
approximately 98 × 79 mm) with multiple enlarged mediastinal
lymph nodes; cervical ultrasound showed multiple lymph nodes
with preserved architecture. CT-guided percutaneous lung biopsy
con�rmed poorly differentiated squamous cell carcinoma
(Figure 1A). Programmed death-ligand 1 (PD-L1, SP263)
immunohistochemistry showed a tumor proportion score (TPS)
of ~90% (Figure 1B). In the absence of bronchoscopy or invasive
mediastinal staging procedures, nodal assessment relied on
radiographic �ndings. Baseline staging utilized contrast-enhanced
CT of the neck, chest, abdomen, and pelvis, alongside contrast-
enhanced brain MRI; PET/CT was not performed. Following
multidisciplinary evaluation, nodal metastasis was suspected in
stations 2R, 2L, 3A, 4R, 6, 7, and 10R based on CT features,
leading to an N3 classi�cation. Consequently, the disease was
staged as cT4N3M0 (Stage IIIC, 8th edition TNM) and deemed
unresectable. In accordance with National Comprehensive Cancer
Network (NCCN) guidelines, the treatment plan comprised 3
fractions of LRT followed by conventionally fractionated VMAT.
This was delivered concurrently with a weekly platinum-doublet
chemotherapy regimen consisting of albumin-bound paclitaxel (200
mg) and carboplatin (180 mg). Alternative initial strategies
were excluded.

Given the apical location in the right upper lobe and minimal
respiratory excursion, conventional three-dimensional CT
simulation with a thermoplastic body mask immobilization was
used. The primary gross tumor volume (GTVp) was contoured as
the large right-upper-lobe mass with a volume of 223.9 cc. LRT
planning parameters were as follows: To limit dose to surrounding
normal tissues, GTVp was isotropically contracted by 1 cm to de�ne
the lattice volume (VL) for vertex placement. Within VL, three
spherical high-dose vertex volumes (GTVv) were placed in a
relatively uniform arrangement, while deliberately avoiding major
intratumoral bronchovascular structures (Figure 2). Simulation was
performed using a non-contrast planning CT. The planning CT was
co-registered with the prior contrast-enhanced diagnostic CT,
which was used as a visual reference during contouring and
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vertex placement; vertices were adjusted to avoid intratumoral
structures demonstrating vascular enhancement.

In accordance with consensus guidance, vertex geometry and
dosimetry were documented as follows: vertex diameters were 1.6
cm, 1.5 cm, and 1.5 cm; center-to-center spacings were 4.3 cm, 4.1
cm, and 3.9 cm; the combined vertex volume was 2.3 cm� (�1.03%
of GTVp). GTVv was expanded by 0.3 cm to generate the planning
target volume for vertices (PTVv). The prescription to PTVv was 24
Gy in 3 fractions (8 Gy/fraction; biologically effective dose for a/b =
10, BED10 � 43.2 Gy). The vertex-center peak dose was 29.07 Gy,
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valley dose was 9.53 Gy, yielding a peak–valley dose ratio (PVDR)
of 3.05 (Figure 3).

Upon transition to conventionally fractionated VMAT, target
de�nitions and prescriptions were as follows (Figure 2). The
primary GTVp and involved nodal GTVn were expanded with a
3D isotropic margin of 6 mm to generate the high-dose planning
target volume (PTV60). CTV50 was individualized for this patient
with N3 disease: it included a 6-mm expansion around the primary
tumor volume (CTVp) together with the nodal regions
corresponding to the involved/suspected stations (2R, 2L, 3A, 4R,
FIGURE 1

Timeline of treatments. (A) The initial chest CT detected a pulmonary tumor. (B) Pathology of the right upper-lobe tumor. (C, D) On-treatment
CBCT after 3 fractions of LRT. (E, F) On-treatment CBCT after 17 fractions (3 LRT + 14 VMAT). (G, H) Chest CT 1 month after completion of 31
fractions of radiotherapy. (I, J) Chest CT 1.5 months after radiotherapy at follow-up.
FIGURE 2

Dose distribution and Dose–volume histogram (DVH) for target volumes. (A) Axial plane. (B) Coronal plane. (C) Sagittal plane. (D) DVH chart. In
(A–C), the purple contour represents GTVv, the red contour represents GTVp, the pink contour represents GTVn, the cyan contour represents
PTV60, and the blue contour represents PTV50.
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