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Clinicopathological analysis of a superior sulcus tumor treated
by salvage surgery after concurrent definitive chemoradiotherapy
followed by durvalumab: A case report
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Abstract
Surgical treatment of superior sulcus tumors (SSTs) is clinically challenging. Definitive
chemoradiotherapy (CRT) is a standard treatment for SST. In operable cases, multi-
modal therapy (CRT followed by surgery) is another option, at least for experienced
institutions. Immune checkpoint inhibitors (ICIs) have recently been developed, and
several clinical trials have investigated definitive CRT followed by ICIs for consoli-
dation or maintenance therapy of unresectable local advanced non-small cell lung
cancer (NSCLC), including SSTs. Clinical studies of salvage surgery after CRT fol-
lowed by ICIs are also ongoing. However, the clinical outcomes of salvage surgery
after multimodal therapies and histopathological analyses of surgical specimens
after such treatments remain unclear. Here, we report the case of a patient with SST
comprising squamous cell carcinoma with invasion of the second to third rib and
vertebrae who underwent salvage surgery after concurrent definitive CRT followed
by the ICI durvalumab, and show the results of clinicopathological analyses of the
resected specimen.
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INTRODUCTION

Surgical treatment of superior sulcus tumors (SSTs) is clini-
cally challenging. Definitive chemoradiotherapy (CRT) is a
standard treatment for SST. In operable cases, multimodal
therapy (CRT followed by surgery) is another option, at least
for experienced institutions. Immune checkpoint inhibitors
(ICIs) have recently been developed, and several clinical tri-
als have investigated definitive CRT followed by ICIs for
consolidation or maintenance therapy of unresectable local
advanced non-small cell lung cance (NSCLCs), including
SSTs. Clinical studies of salvage surgery after CRT followed
by ICIs are also ongoing. However, the clinical outcomes of
salvage surgery after multimodal therapies and histopatho-
logical analyses of surgical specimens after such treatments
remain unclear. Here, we report the case of a patient with
SST comprising squamous cell carcinoma with invasion of

the second to third ribs and vertebrae who underwent sal-
vage surgery after concurrent definitive CRT followed by the
ICI durvalumab, and show the results of clinicopathological
analyses of the resected specimen.

CASE REPORT

A 70-year-old man with chronic obstructive pulmonary
disease (COPD) as a comorbidity was hospitalized in a
nearby hospital with a 2-month history of back pain and
right shoulder pain. Computed tomography (CT) of the
chest revealed superior sulcus tumors (SSTs) at the right
lung apex with invasion of the second to third ribs and
vertebrae (Figure 1a). Subsequent 18F-fluorodeoxyglucose
positron emission tomography/computed tomography
(18F-FDG PET) revealed high uptake by the main tumor
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and in the invaded areas (second to third ribs and verte-
brae), but no other distant or lymph node metastases. The
patient was diagnosed with squamous cell carcinoma of the
right upper lobe (cT4N0M0 IIIA) by CT-guided biopsy. En
bloc curative surgical resection was considered difficult by
the surgical teams at the referring hospital. Definitive

chemoradiotherapy (CRT) (chemotherapy plus concurrent
radiotherapy) was started as cisplatin and vinorelbine at
two cycles, and 60 Gy in 30 fractions. After CRT, the
immune checkpoint inhibitor (ICI) durvalumab was
administered as consolidation therapy every 2 weeks up to
12 months. Follow-up CT revealed partial response of

F I G U R E 1 (a) Computed tomography
(CT) before treatment shows the right lung
cancer invading the second to third rib and
vertebrae. (b) CT after multimodal treatments
(CRT + ICI) reveals partial response (PD) of
the main tumor. (c) Preoperative CT scan
shows the regrowth of main tumor. The yellow
arrow indicates the main tumor. (d) 18F-FDG-
PET scan shows high uptake of regrowth of the
main tumor, but no uptake in the vertebrae

F I G U R E 2 Immunohistochemical
staining of surgical specimens.
(a) Hematoxylin and eosin (HE) staining
shows the major pathological response
(MPR). The arrow indicates viable cancer
cells. No viable cancer cells existed around
the combined resected rib (asterisk). (b) HE
staining shows viable cancer cells.
(c) Immunohistochemical staining for
programmed cell death 1 (PD-1).
Arrowheads indicate tumor-infiltrating
lymphocytes with positive PD-1 staining.
(d) Immunohistochemical staining for
programmed cell death 1 ligand-1 (PD-L1)
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the main tumor, and complete response of the area of ver-
tebral invasion (second to third rib vertebral invasion)
after treatments (Figure 1b). However, regrowth of the
main tumor was identified 1 year after starting the ICI
without any growth in the invaded vertebral area
(Figure 1c). Further 18F-FDG PET showed uptake in the
main tumor with no accumulation in the invaded vertebral
area (Figure 1d).

The patient was therefore referred to our hospital
for salvage surgery. We performed salvage surgery for
the residual tumor showing uptake on PET. The operation
was started with a transmanubrial approach (TMA)
and anterior approach through the fourth intercostal
space (using video-assisted thoracic surgery). Right upper
lobectomy and combined resection of the partial second
to third ribs and vertebrae were performed, showing neg-
ative surgical margins on intraoperative frozen section.
The postoperative course was uneventful and the patient
experienced no complications. Histopathological analysis
showed major pathological response (MPR) with a small
number of viable cells in the main tumor and negative
surgical margins with no viable cells in the resected ribs
and vertebrae (Figure 2a,b). Immunohistochemical stain-
ing showed tumor-infiltrating lymphocytes were positive
for PD-1 (Figure 2c; arrowheads), while there remained
no viable cancer cells with positive expression of pro-
grammed cell death 1 ligand-1 (PD-L1) (Figure 2d; tumor
proportion score [TPS] = 0%). A follow-up CT scan was
performed every 6 months after surgery. Two years post-
operatively, no recurrences have been seen.

DISCUSSION

Here, we report a clinically successful case in which salvage
surgery was performed for an SST involving definitive
CRT followed by durvalumab. Surgical resection of SSTs
remains clinically challenging, and various surgical
approaches have been developed. Difficulty is seen in
selecting the appropriate approach due to the anatomical
and surgical complexity of the region (tumor location and
combined resection involving surrounding structures of
great vessels, ribs, and vertebrae), and the indications are
not well defined. When a tumor involves anterior struc-
tures such as the brachiocephalic vein and subclavian
artery, anterior approaches such as a hemi-clamshell
approach or TMA are selected. When the tumor has
invaded posterior structures such as the vertebrae or chest
walls, a posterolateral approach or hook approach is
selected.1 In the present case, the patient had good local
control without any accumulation of 18FDG-PET in the
invaded vertebrae, and only partial vertebrectomy was per-
formed using the anterior approach. To overcome such an
advanced local lung cancer including SSTs, one of the most
important prognostic factors is complete resection with
negative surgical margins for the invaded areas. To date,

the main surgical treatment for SST has been preoperative
concurrent CRT followed by surgery to achieve complete
resection with negative surgical margins (R0).2 Among sev-
eral ICIs that have recently been developed, durvalumab
(an anti-PD-L1 antibody) was administered after CRT in
this case as consolidation therapy. Salvage surgery after
durvalumab and a clinical trial of neoadjuvant ICIs have
been reported.3 In addition, several clinical studies of
induction therapy including ICIs are ongoing.4 The present
case showed good local control with MPR of not only the
main tumor, but also the invaded vertebral area. Further,
no viable cancer cells were identified in the surgical
margins. Multimodal therapies including ICIs may provide
a promising option to improve surgical resectability with
negative surgical margins for clinically challenging cases of
local advanced lung cancer, including SSTs.

In our previous study using in vitro experiments, PD-L1
expression in lung cancer cells was upregulated after chemo-
therapy.5 In addition, histopathological analysis using surgi-
cal samples before and after CRT showed that the PD-L1
TPS after CRT was significantly higher as compared to
before CRT.5 In the histopathological analysis of the present
case, some viable cancer cells remained in the main tumor
and all the viable cells showed negative PD-L1 expression,
while around the tumor cells, the presence of tumor-
infiltrating lymphocyte (TIL) with positive PD-1expression
were seen. These results suggest that no PD-L1-positive can-
cer cells remained in the residual tumor because PD-
L1-positive cancer cells upregulated by CRT may be killed
by ICIs. However, despite the multimodal therapies includ-
ing ICIs, cancer cells survived and may have acquired
chemo-, radio-, and ICI-resistant characteristics and meta-
static or recurrent potential in the future. As the next step,
cancer cells surviving multimodal therapies need to be ana-
lyzed using molecular biological approaches to achieve a
deeper understanding of malignant characteristics.
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