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Abstract

Locally advanced non-small cell lung cancer (NSCLC) is generally treated with chemotherapy, long-course radiotherapy, and
surgery. The role of palliative radiotherapy is typically reserved for pain management and functional recovery. An elderly patient
presented in October 2023 with thoracodorsal pain and functional impairment of the right upper limb. Imaging revealed a
bulky mass in the right upper lung lobe with suspected costovertebral infiltration and no distant disease. The multidisciplinary
tumor board recommended sequential chemoradiotherapy followed by surgery. Due to worsening pain, radiotherapy (8 Gy x

2 fractions) was administered between the second and third cycles of cisplatin-pemetrexed (with a 25% dose reduction for
age) of the four planned cycles.

Restaging demonstrated marked tumor shrinkage. Given persistent arm impairment and favorable tumor response, surgery
was prioritized and achieved complete resection. Histopathologic examination unexpectedly revealed a complete pathologic
response.

This case suggests that short-course radiotherapy may contribute to tumor downstaging and raises important questions
regarding radiosensitivity in NSCLC.
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functional impairment and a visual with locally advanced non-small cell lung
Case Summary analog scale score of 7 despite treat- cancer (NSCLC).

A 75-year-old man, a former heavy ment with paracetamol and codeine. The initial therapeutic plan consisted
smoker, presented in October 2023 Contrast-enhanced CT identified a large of neoadjuvant chemo radiation therapy;
with a 3-month history of neuropathic right upper lobe mass with costovertebral however, due to worsening pain,
chest pain radiating to the right infiltration. Staging with PET and MRI palliative radiation therapy (8 Gy X
shoulder, associated with progressive excluded distant metastases, consistent 2 fractions, February 13-16, 2024)
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Figure 1. Thoracic MRl demonstrating Pancoast syndrome due to involvement of the right upper lung lobe. Coronal plane (A), axial plane (B), and axial
plane showing suspected vertebral infiltration (blue arrow) (C).

was administered between the second Figure 2. PET-CT demonstrating an excavated lesion infiltrating the ribs in the right upper lung
and third chemotherapy cycles. At lobe. Axial view (A) and sagittal view (B).
completion of chemotherapy (April 2, Axial WB PET VPFX<->TC FUSIONE CEENSSSSNSSSNSEEEY | Axial TC FUSIONE
2024), the patient exhibited deterioration := 4‘;‘;5 A 166 :: 402“;-3
m: m:
in performance status and difficulty DFOV 35.9 x33.3 cm DFOV 35.9 x33.3 cm

e - STND/SS70 No Filter
maintaining treatment position for A

definitive radiation therapy, prompting
referral for surgical management on
April 17, 2024. Histopathologic analysis

unexpectedly demonstrated a complete 0 '
pathologic response with no residual [ 0.00 w L v
neoplastic tissue, representing an \ \’/“ r
extraordinary response to a purely - }" &,

palliative treatment. 50 % PET

3.3mm/3.3sp
m=0.00 M=8:59-g/iml*

Imaging Findings E B
The first relevant imaging evaluation
was performed in November 2023
because of suspected Pancoast syndrome.
MRI (Figure 1A-C) revealed a mass
measuring 7.2 cm (axial) X 6.8 cm
(coronal) x 8.9 cm (sagittal) in the right
upper lobe, infiltrating the ipsilateral
second through 4th ribs and abutting the
second through 4th thoracic vertebrae.
Subsequent whole-body PET (Figure
2A and B) demonstrated intense uptake
of fluorodeoxyglucose (SUV_max 19.6)
corresponding to the known pulmonary
mass, measuring 7.8 cm (axial) X 5.0 cm
(coronal) x 9.0 cm (sagittal), located in
the apical and posterior segments of the
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Figure 3. Routine postoperative CT demonstrating right-sided hydropneumothorax. Upper axial
plane (blue arrows) (A) and lower axial plane (blue arrows) (B).

observed in the right hilar (SUV_max 3.6)
and subcarinal (SUV_max 2.8) regions.
Postoperative thoracic CT (Figure 3A
and B) revealed a loculated right-sided
hydropneumothorax and confirmed the
outcomes of right upper lobectomy with
resection of the lateral arches of the
second and third ribs. A thin residual
pleural effusion and minor subpleural
consolidation were present. Paraseptal
emphysema persisted in the left upper
lobe. Enlarged paratracheal mediastinal
lymph nodes, measuring up to 2 cm, were
subsequently evaluated histologically by
endobronchial US-guided biopsy.

Diagnosis

The patient had a history of
hypertension treated with ramipril/
hydrochlorothiazide and a previous
transient ischemic attack managed with
daily acetylsalicylic acid. He had a heavy
smoking history (> 20 cigarettes per day
for 50 years). He was in good general
condition (ECOG performance status 1),
with mild weight loss and no dyspnea
or hemoptysis. Physical examination
revealed reduced mobility of the right
upper limb and decreased breath sounds
in the right upper lung field. Laboratory
tests were within normal limits.

Imaging demonstrated a large right
upper lobe mass with infiltration of
the second through 4th ribs and the
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second thoracic vertebra, consistent with
advanced disease (cT4 cN2 MO, stage
I1IB). Differential diagnoses—including
primary bone tumors, soft tissue
sarcoma, metastatic disease, plasma cell
dyscrasia, and infectious etiologies—were
excluded through imaging, laboratory
evaluation, and clinical assessment.

The diagnosis of locally advanced

NSCLC without distant metastases was
definitively established by US-guided
bronchial biopsy.

Discussion

Although Pancoast tumors account for
fewer than 5% of all lung cancer cases,
the significant morbidity caused by their
infiltrative growth at the thoracic outlet,
along with ongoing debate regarding
optimal treatment strategies in this
anatomically complex region, continues
to challenge efforts to improve local
control and progression-free survival.'
These tumors originate from the superior
pulmonary sulcus and invade the
thoracic inlet, including adjacent ribs
and vertebrae. The first clinical and
radiologic characterization was described
by Pancoast in 1932.> Approximately
3 decades later, Paulson introduced
a combined approach of preoperative
radiation therapy followed by posterior
surgical resection, reporting encouraging
outcomes.’
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Subsequent therapeutic milestones
emerged from pivotal phase II trials in
the early 2000s, including SWOG 9416
and JCOG 9806, which demonstrated
complete pathologic response rates of
87.3% and 89.4%, respectively, and
5-year overall survival rates of 46% and
61% using combined chemo radiation
therapy.*® Technological advancements
later enabled dose escalation from the
historical 30 to 35 Gy used in earlier
protocols to the current standard of 60
Gy, resulting in improved pathologic
response and survival outcomes.®
Radiobiologically, 30 to 35 Gy delivered
in 10 fractions corresponds to an EQD2
of 32.5 to 39.4 Gy and a biologically
effective dose (BED) of 39 to 47.3 Gy
(a/B = 10), whereas a total dose of 60
Gy corresponds to an EQD2 of 60 Gy
and a BED of 72 Gy.

In the scientific literature, neoadjuvant
treatment strategies for locally advanced
NSCLC include either definitive chemo
radiation therapy or a trimodality
approach incorporating surgery. The
principal randomized studies addressing
this question are the Intergroup Trial
0139 and the SAKK 16/00 trial.”® In the
SAKK 16/00 study, no survival benefit
was demonstrated for the trimodality
approach using sequential chemo
radiation therapy followed by surgery
compared with bimodal treatment
consisting of chemotherapy and surgery
alone.® Across published series, reported
rates of complete pathologic response
range from 15% to 33%, and rates of
nodal downstaging (pN0) range from 25%
to 46%.

Other investigations have evaluated
dose escalation, altered fractionation
schedules, and hyperfractionated
regimens, demonstrating higher rates of
pathologic complete response. However,
to date, no studies have shown that
a purely palliative radiation therapy
regimen, such as 8 Gy x 2 fractions, can
induce a complete pathologic response
in non-small cell lung cancer. Therefore,
the favorable outcome observed in the
present case can only be interpreted

https://doi.org/10.37549/AR0-D-25-0050


https://doi.org/10.37549/ARO-D-25-0050

RADIATION ONCOLOGY CASE

through hypothesized radiobiologic
mechanisms.

Large radiation dose fractions are not
limited to direct DNA damage, which
represents the classical radiobiologic
mechanism. At higher dose levels,
radiation also affects tumor vasculature
by inducing endothelial apoptosis
and ischemic injury through vascular
collapse. Tumor endothelial cells are
particularly sensitive to high single
doses, activating ceramide-mediated
signaling pathways that result in
apoptosis and disruption of the
tumor’s abnormal vasculature.”™ Loss
of perfusion amplifies direct tumor cell
death. Preclinical models have shown
that genetic suppression of endothelial
apoptosis confers resistance to high-dose
radiation, highlighting the therapeutic
relevance of doses 28 to 10 Gy per
fraction.”"

High-dose hypofractionated radiation
therapy has also been shown to induce
immunogenic cell death, characterized
by the exposure of damage-associated
molecular patterns such as calreticulin
and CD47 and the release of ATP and
HMGBI. These signals activate dendritic
cells and promote cytotoxic T-lymphocyte
priming against tumor antigens,
thereby enhancing systemic antitumor
immunity."** Preclinical studies suggest
that multifraction regimens around 8
Gy (eg, 8 Gy x 3 fractions) may be
more immunogenic than single ablative
doses.”'® Although the regimen used in
this case consisted of 8 Gy x 2 fractions,
it remains within this biologically active
window, potentially allowing vascular,
immunologic, and cytotoxic effects to
converge.

The exceptional response observed
in this patient is likely attributable to
the combined effects of direct tumor
cell killing, vascular normalization, and
immune activation, occurring within
a narrow therapeutic window and in
an anatomic site where even modest
tumor regression can result in substantial
clinical benefit, including pain relief and
functional recovery.
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Figure 4. Radiation therapy treatment planning images demonstrating isodose distribution on
frontal and axial planes (A) and color wash dose distribution on axial plane (B).
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Conclusion

This case represents a remarkable
and unexpected complete pathologic
response in a patient with superior
sulcus NSCLC treated with a short-course

Dou-é?
T

palliative radiation therapy regimen of
8 Gy x 2 fractions (Figure 4). This
outcome challenges conventional dose—
response paradigms and suggests that
tumor- and host-specific radiosensitivity
factors may play a critical role. Further
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investigation into ultra-hypofractionated
radiation therapy and personalized
treatment strategies is warranted.
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