
EXPERIMENTAL AND THERAPEUTIC MEDICINE  26:  564,  2023

Abstract. A superior pulmonary sulcus tumor, also known as 
a Pancoast tumor, invades tissues or organs at the entrance of 
the thorax, such as the brachial plexus, upper ribs, vertebrae, 
subclavian vessels and stellate ganglia. Induction concurrent 
chemoradiotherapy followed by radical surgical resection is 
the preferred treatment. The present study reported the case of 
a 52‑year‑old male who presented at Hubei Cancer Hospital, 
Tongji Medical College (Wuhan, Hubei) with left chest pain 
and an abnormal chest computed tomography scan showing 
a mass of 81x43 mm in the left upper chest wall that invaded 
the first, second and third anterior ribs. Biopsy of the mass 
showed stage cT4N0M0, IIIA, poorly differentiated adenocar‑
cinoma and epidermal growth factor receptor+. The patient 
was treated by induction chemotherapy and targeted therapy, 
which was followed by surgical resection of the left upper lobe 
and the affected chest wall via the transmanubrial approach. 
The targeted therapy with almonertinib was continued post‑
operatively. To date, no disease recurrence has been detected 
during the 4 months follow‑up.

Introduction

It is almost 100 years since Dr Henry Pancoast first described 
the clinical and radiographic findings associated with supe‑
rior sulcus tumors (1), which were later named after the 
author. Superior sulcus tumors are a relatively rare subtype 
of non‑small cell lung cancer (NSCLC), accounting for <5% 
of all bronchogenic carcinomas. This tumor occurs in the 
apex of the upper lobe of the lung and often involves the first 
rib, brachial plexus, subclavian vessels, sympathetic chain, 
stellate ganglion or vertebrae. Clinically, a superior sulcus 
tumor consists of a constellation of characteristic symptoms, 
including arm and shoulder pain or Horner's syndrome (2,3).

In the 1930s to 1950s, superior sulcus tumors of the lung 
were considered inoperable and incurable and radiation 
therapy was predominantly used to alleviate the condition. 
In the 1950s, Chardack and MacCallum (4) reported the first 
successful surgical resection and postoperative radiotherapy 
for upper sulcus tumors; the patient was alive and disease‑free 
5 years later. In 1956, Shaw introduced a new treatment model: 
Preoperative radiotherapy combined with radical resection 
surgery. Patients receiving this treatment achieved good 
results (5) and within 40 years, bimodal therapy (radiotherapy 
plus surgery) became the standard treatment method for upper 
sulcus tumors (6). However, survival did not significantly 
improve with this treatment and the 5‑year overall survival 
remained ~30%. Since the 1990s, increasing experience and 
research data in combination therapy has led to the introduction 
of radical surgical resection after induced chemoradiotherapy 
as a new treatment standard for superior sulcus tumors, with 
significantly improved results (7‑14).

The present study reported a patient with an epidermal 
growth factor receptor (EGFR)‑mutated superior sulcus tumor 
who underwent surgical resection following neoadjuvant 
targeted therapy and achieved good curative effect, with no 
recurrence to date during follow‑up. 

Case Report

A 52‑year‑old male patient was from a rural area and had a 
history of smoking and alcohol consumption. In the past month, 
he had repeatedly experienced left chest pain, which he was 
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able to bear most of the time, so he did not go to the hospital; 
occasionally, he needed to take painkillers to alleviate pain 
symptoms. The left chest pain had gradually worsened over 
the previous week, accompanied by persistent left shoulder 
pain. This pain prevented the patient placing their left thoracic 
back and shoulders on the back of a chair and the surface of 
a bed. Therefore, the patient sought medical treatment at the 
Songzi People's Hospital (Jingzhou, China) in November 2021 
and the doctor prescribed non‑steroidal anti‑inflammatory 
drugs for pain relief; however, these drugs did not relieve the 
left chest and shoulder pain. Simultaneously, chest computed 
tomography (CT) examination revealed a lump in the left lung 
of the patient. As the exact diagnosis was unclear, the patient 
visited the thoracic surgery clinic of Huazhong University of 
Science and Technology Tongji Medical College Affiliated 
Hubei Cancer Hospital (Wuhan, China) in November 2021.

The patient was unable to rest flat on the ward bed upon 
admission and the pain was grade 4 (Pain was scored on a 
0‑10 numerical rating scale, ranging from 0 (no pain) to 10 
(worst pain imaginable) or categorized (none, mild, moderate, 
severe or very severe/horrible). (15‑17), with a Nutritional 
Risk Screening 2002 (NRS2002) score of 2 (The NRS2002 
system evaluates patients based on their nutritional status 
and disease severity, and gives a total score of 0‑6 based 
on whether they are absent, mild, moderate, or severe) (18). 
The patient had no family history of oncologic diseases. A 
CT scan revealed an 81x43 mm mass of the left upper chest 
wall, which invaded the first, second and third anterior ribs 
(Figs. 1 and 2A). Considering that the patient's mass was 
located at the left lung apex, compression of the mass itself 
onto the left brachial plexus might have been the cause of the 
severe pain. Consequently, a powerful opioid analgesic drug 
(morphine; initial dose 20 mg q12 h) was administered to the 
patient for pain relief. After maintaining the initial dose for 
12 days, in order to achieve superior pain relief, the patient's 
daily dose of morphine was increased to 30 mg q12 h and 
continued to be used for ~1 month thereafter. Upon admis‑
sion on November 23, 2021, blood routine and biochemical 
examination revealed the following: a white blood cell count 
of 21.2 (normal range: 4‑10x109/l), a platelet count of 440 
(normal range: 100‑300x109/l), hemoglobin of 133 (normal 
range: 110‑170 g/l) and carbon dioxide binding capacity 20.6 
(normal range: 21‑31 mmol/l). Tumor marker results showed 
cancer antigen 125 180 U/ml (normal range, <35 U/ml), cyto‑
keratin 19 fragment (CYFRA 21‑1) 16.79 ng/ml (normal range, 
<3.3 ng/ml), neuroson‑specific enolase 17.53 ng/ml (normal 
range, 0‑16.3 ng/ml), carcinoembryonic antigen 7.43 ng/ml 
(normal range, <5 ng/ml) and SCC 1.61 ng/ml (normal range, 
<2.7 ng/ml). Positron emission tomography CT revealed 
intense high metabolism of the mass, with a size of 83x49 mm, 
an 18F‑fluorodeoxyglucose standard uptake value maximum 
of 13.75 and involvement of the left 1‑3 ribs and the upper 
lobe of the left lung. Needle biopsy of the mass showed poorly 
differentiated adenocarcinoma; therefore, the patient was 
diagnosed with stage cT4N2M0, ⅢA lung cancer and TNM 
classification was performed according to the criteria of the 8th 
edition staging of the TNM classification (19). The mutation 
of EGFR was detected by DNA sequencing. DNA sequencing 
was performed using reverse transcription‑polymerase chain 
reaction, which was carried out by the Pathology Department 

of Hubei Cancer Hospital. The AmoyDx EGFR 29 Mutations 
Detection Kit (Amoy Diagnostics Co., Ltd.) was used. The 
AmoyDx EGFR 29 Mutations Detection Kit is a real‑time 
PCR assay for qualitative detection of 29 somatic mutation 
in exons 18, 19, 20 and 21 of EGFR gene in human genomic 
DNA extracted from formalin‑fixed paraffin‑embedded tumor 
tissue. The kit adopts amplification refractory mutation system 
technology which comprises specific primers and fluorescent 
probes to detect gene mutations in reverse transcription PCR 
assay. During the nucleic acid amplification, the targeted 
mutant DNA is matched with the bases at the 3' end of the 
primer, amplified selectively and efficiently, then the mutant 
amplicon is detected by fluorescent probes labeled with 
fluorescein amidite. Where the wild‑type DNA cannot be 
matched with specific primers, no amplification occurs. The 
kit is composed of EGFR Reaction Mix strips, EGFR Enzyme 
Mix (contains Taq DNA polymerase for PCR amplification 
and uracil‑N‑glycosylase which works at room temperature to 
prevent PCR amplicon carryover contamination) and EGFR 
Positive Control. The thermocycling conditions are shown in 
Table I. The results showed that there were exon 21 L858R and 
exon 20 T790M point mutations in EGFR.

During the period of examination following admission, the 
painkillers were effective, allowing the patient to briefly rest 
flat on the ward bed. The patient was offered targeted therapy 
(almonertinib; 110 mg qd) from the second neoadjuvant cycle. 
After 6 weeks of almonertinib targeted therapy, the patient's 
chest pain was significantly relieved, the tumor marker 
CYFRA 21‑1 was 3.33 ng/ml, markedly lower than that before 
treatment and other lung adenocarcinoma‑related tumor 
markers had decreased to normal ranges (Fig. 3). In addition, 
the blood routine test results reached normal standards: white 
blood cell count was 4.3 (normal range: 4‑10x109/l), platelet 
count was 268 (normal range: 100‑300x109/l) and hemoglobin 
was 109 (normal range: 110‑170 g/l). Chest enhanced CT 
showed significant tumor regression compared to the chest 
CT results on November 22, 2021; the target lesion diameter 
was reduced by 36.75% (Fig. 2B). According to the Response 
Evaluation Criteria in Solid Tumors (RECIST) methodology, 
the efficacy evaluation was partial response (PR). The clinical 
stage reduced to stage ⅡB (T3N0M0) (19). 

The patient underwent a thoracotomy on February 23, 
2022. A combined incision of the anterolateral incision and the 
superior median sternotomy was used and tumor‑free margins 

Table I. Cycling parameters.

Stage Cycles Temperature Time Data collection

1   1 95˚C 5 min /
  95˚C 25 sec /
2 15 64˚C 20 sec /
  72˚C 20 sec /
  93˚C 25 sec /
3 31 60˚C 35 sec FAM and HEX/VIC
  72˚C 20 sec /

FAM, fluorescein amidite.
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obtained in a section of the chest wall (ribs 1, 2 and 3), which 
included 1‑3 parts of the anterior rib and a segment of the clav‑
icle. Next, a lobectomy and systematic lymph node dissection 
was performed according to the surgical treatment principle 
of lung cancer. Finally, the chest wall was reconstructed with 
artificial mesh after placing a chest tube. The whole operation 
took 5 h and the intraoperative bleeding totaled ~600 ml.

Postoperative histopathological examination was carried 
out by the Pathology Department of Hubei Cancer Hospital, 
and the pathological results were moderately differentiated 

and invasive adenocarcinoma in the left upper lobe of the lung 
[large area of inflammatory and fibrotic components (83%), 
~15% of tumor cells and 2% of tumor cell necrosis], with 
visceral pleural invasion (PL3+) and rib invasion. The lymph 
nodes and cutting edge were negative, that is, R0 resection. 
The pathological stage was ypT3N0M0, ⅡB (19).

The patient had postoperative chylous pleural effusion 
and recovered after receiving total parenteral nutrition 
therapy for 3 days without any serious in‑hospital complica‑
tions. The chest tube was removed on postoperative day 12 

Figure 1. Timeline of clinical diagnosis and treatment process for a patient with EGFR‑mutated superior sulcus tumor. EGFR, epidermal growth factor 
receptor; PET, positron emission tomography; CT, computed tomography.

Figure 2. (A) Chest CT (pulmonary window) showed a mass in the left upper chest wall invading the (a) first, (b) second and (c) third anterior ribs. (B) On the 
pulmonary window, the tumor invading the (a) first, (b) second and (c) third anterior ribs was smaller after one cycle of chemotherapy plus targeted therapy, 
compared with the initial untreated tumor. (C) Chest CT (mediastinum window) showed a mass in the left upper chest wall invading the (a) first, (b) second 
and (c) third anterior ribs. (D) On the mediastinum window, the tumor invading the (a) first, (b) second and (c) third anterior ribs was smaller after one cycle of 
chemotherapy plus targeted therapy, compared with the initial untreated tumor. CT, computed tomography.
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and the patient was discharged 15 days after surgery. The 
targeted therapy with almonertinib was continued postopera‑
tively. No disease recurrence has been detected during one 
year of follow‑up.

Discussion

It is not satisfactory to treat superior sulcus tumors with a 
single form of treatment. Preoperative irradiation, which aims 
to shrink tumors, appears to improve tumor resectability and 
yields satisfactory palliative results when combined with 
surgical resection. In 1961, Shaw et al (5) first described 
the advantages of preoperative radiotherapy for superior 
sulcus tumors.

Since the 1990s, concurrent chemoradiotherapy combined 
with surgery has been applied to the treatment of superior 
sulcus tumors and a series of studies have confirmed the 
effectiveness of this method of treatment (10,12,20,21). The 
principle of adding concurrent chemotherapy on a base of 
preoperative radiotherapy is adding systemic treatment on 
a base of local treatment to control occult systemic disease 
and limit the risk of distant relapse (10). Induction concurrent 
chemoradiotherapy followed by radical surgical resection has 
become the current standard of care in patients with superior 
sulcus tumors.

The clinical stage of our patient was T4N0M0 and the 
radiotherapy plan could not be implemented because of the 
patient's pain and inability to lie down. Therefore, paclitaxel 
combined with platinum‑based chemotherapy was adminis‑
tered and genetic testing performed. Considering the efficacy 
of chemotherapy for resectable NSCLC, the 5‑year survival 
benefit is only 5‑6% (22‑24). Subsequently, targeted therapy 
was administered after learning of the EGFR gene mutation. 
After 4‑8 weeks of treatment, imaging showed that this patient 

had a good response to treatment, with significant tumor 
volume reduction. This may indicate an efficacy advantage of 
almonertinib in the neoadjuvant phase of therapy. Likewise, 
the EMERGING‑CTONG 1103 study (25) revealed that there 
is a tendency toward an improved overall response rate, lymph 
node step‑down, major pathological response and R0 resec‑
tion rate with the neoadjuvant erlotinib, in comparison with 
a neoadjuvant chemotherapy for patients who suffered from 
EGFRm NSCLC and chronic progression‑free survival to a 
great extent. According to the indications from case reports 
and other reported clinical tests, EGFR‑tyrosine kinase 
inhibitor (EGFR‑TKI) therapy before surgery can achieve a 
certain effect for patients with resectable NSCLC (26‑36), 
which indicates that neoadjuvant targeted therapy can also 
become a clinical option. Based on superior sulcus tumors 
exhibiting the same biological behavior as other lung 
cancers (37), we consider that neoadjuvant targeted therapy 
may be a consideration for superior sulcus tumors.

Compared with the efficacy of the pathologic complete 
response (pCR) obtained after neoadjuvant immunotherapy 
combined with chemotherapy reported in Tang et al (38), our 
patient still had viable tumor cells after neoadjuvant targeted 
therapy. However, the small proportion of tumor cells and the 
large number of inflammatory responses suggest that our neoad‑
juvant targeted therapy is effective. Furthermore, it is not known 
whether the patient can achieve superior treatment results or 
even achieve pCR if the duration of preoperative induction 
targeted therapy is prolonged (for example, up to 8 weeks). 
In addition, the timing of surgery after neoadjuvant targeted 
therapy should be considered because it also may affect the 
overall oncologic outcomes (31,39). For example, in a retrospec‑
tive study of patients with stage IIIa NSCLC, after preoperative 
EGFR‑TKI neoadjuvant therapy, 1‑ and 3‑year survival were 
significantly decreased in the short‑delay group compared with 

Figure 3. The evolution of lung adenocarcinoma‑related tumor markers during treatment. CYFRA21‑1, cytokeratin 19 fragment; SCCAg, serum squamous cell 
carcinoma antigen; CEA, carcinoembryonic antigen.
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the long‑delay group (40). However, there is no unified conclu‑
sion on the surgical intervention time of neoadjuvant targeted 
therapy. We consider that choosing to perform surgical interven‑
tion after 2 weeks of drug withdrawal can reduce the impact of 
drug side effects and increase the safety of surgery.

The present study is the first case report of neoadjuvant 
targeted therapy for superior sulcus tumors. In this case, 
almonertinib achieved good efficacy and safety and this has 
reference significance for guiding perioperative targeted 
therapy for EGFR‑mutated superior sulcus tumors. In summary, 
the present study provided real‑world evidence that neoadju‑
vant targeted therapy enables patients to achieve surgical R0 
resection and obtain superior results. In the future, following 
confirmation by more studies in this field, neoadjuvant targeted 
therapy may become a standard treatment option for superior 
sulcus tumors after neoadjuvant chemoradiotherapy.
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