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Abstract

Introduction: Superior sulcus tumors are a unique form of
lung cancer. Preoperative concurrent radio- and chemotherapy
improves the results of treating these lung tumors.

Aim: The study aimed to assess the early results of a trimodal-
ity treatment for superior sulcus tumors.

Material and methods: Fifty-six superior sulcus tumors pa-
tients were operated on between 2006 and 2013. Data from
25 patients undergoing preoperative chemoradiotherapy were
analyzed. Fifteen men and 10 women were treated (mean age:
59 years). All patients experienced pain in the pectoral girdle
of the chest.

Results: Nineteen patients received preoperative chemoradio-
therapy consisting of 2 chemotherapy cycles with cisplatin
(a different number of cycles was administered in 6 cases) and
irradiation at a mean dose of 51.2 Gy (30-60 Gy) in 25 fractions
(25-30 fractions). All patients underwent upper lobectomy.
Twenty-two patients underwent chest wall resection, whereas
3 patients underwent extrapleural excision of the infiltrate
without rib resection. Stages IIB and IlIB were diagnosed in
15 and 10 patients, respectively. In 9 samples, no neoplastic fea-
tures were found, 9 showed individual neoplastic lesions, and
in 7 most tumor cells were necrotized. The R1 resection was
noted in 2 patients. Mean hospitalization time was 13 days.
No perioperative deaths were noted.

Conclusions: The trimodality treatment for superior sulcus tu-
mors is a safe method. Perioperative mortality and the number
of complications observed among patients treated with this
method are similar to those observed in one-phase surgery. In
over half of the patients, chemoradiotherapy resulted in com-
plete or nearly complete remission of the neoplasm.
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Streszczenie

Wstep: Rak szczytu ptuca jest szczegdlng postacia raka ptuca.
Przedoperacyjna, rownoczesna radio- i chemioterapia popra-
wia wyniki leczenia guza ptuca w tej lokalizacji.

Cel pracy: Ocena wczesnych wynikéw skojarzonego leczenia
raka szczytu ptuca.

Materiat i metody: W latach 2006-2013 operowano 56 cho-
rych z rakiem szczytu ptuca. Przeanalizowano dane 25 cho-
rych poddanych przedoperacyjnej radiochemioterapii. Leczono
15 mezczyzn i 10 kobiet w rednim wieku 59 lat. U wszystkich
chorych wystepowaty béle w klatce piersiowej lub obreczy bar-
kowej.

Wyniki: Dziewietnastu chorych otrzymato przedoperacyjna
radiochemioterapie w formie 2 cykli chemioterapii z cisplatyna
(w 6 przypadkach podano inng liczbe cykli) oraz napromienie-
nia w $redniej dawce 51,2 Gy (30-60 Gy) w 25 frakcjach (25—
30 frakeji). U wszystkich chorych wykonano wyciecie gornego
ptata ptuca. U 22 pacjentéw wycieto Sciane klatki piersiowej,
a u 3 zewnatrzoptucnowo naciek bez resekcji zeber. Stopien
zaawansowania IIB i llIB stwierdzono odpowiednio u 15 i 10
chorych. W 9 preparatach nie stwierdzono cech nowotworu,
w 9 wystepowaty pojedyncze wyspy nowotworowe, a w 7 za-
obserwowano martwice obejmujgca wiekszosé komérek guza.
Ceche R1 stwierdzono u 2 chorych. Sredni czas hospitalizacji
wynosit 13 dni. Nie stwierdzono zgonéw okotooperacyjnych.
Whioski: Skojarzone leczenie guza szczytu ptuca jest bezpiecz-
na metoda. Okotooperacyjna $miertelnos¢ i liczba powiktan
wsréd chorych leczonych skojarzong metoda nie réznig sie
od liczby powiktahh w jednofazowym leczeniu chirurgicznym.
U ponad potowy chorych pod wptywem radio- i chemioterapii
uzyskuje sie catkowita lub prawie catkowita remisje patolo-
giczng nowotworu.

Stowa kluczowe: rak ptuca, guz szczytu ptuca (Pancoasta).
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Introduction

Superior sulcus tumors (SST) are a unique form of lung
cancer, which is the largest source of cancer related mor-
tality in the world [1-3]; they are located in the superior
thoracic sulcus, infiltrating the chest wall and neighbor-
ing structures. It is a rare form of lung cancer, constitut-
ing 2-5% of all lung cancers [7]. Preoperative concurrent
radio- and chemotherapy improves the results of treat-
ing malignant tumors at this location in comparison with
surgical treatment alone [4-6]. In the early stages of lung
cancer, the treatment of choice is radical resection. How-
ever, in this particular case, in which the neoplastic infil-
trate involves important anatomical structures, such as the
stellate ganglion, brachial plexus, vertebral column, large
vessels, or esophagus, unaided surgical treatment is diffi-
cult and burdened with complications; moreover, it involves
the possibility that complete oncological radicality, the pri-
mary prognostic factor for long-term survival, will not be
achieved. Until the 1950s, superior sulcus tumors were con-
sidered inoperable, and radiotherapy was the treatment of
choice [9]. Subsequently, the treatment of choice for SST
was radiation therapy preceding a surgical procedure [12,
13]. Based on a report by Rush et al. [4], combination thera-
py consisting of concurrent preoperative radio- and chemo-
therapy with subsequent surgical treatment has been used
on a larger scale since 2006.

In Gdansk as well, SST were treated with this method
since 2006. During the first 5 years, our center administered
combined therapy for SST in 11 cases; a further 14 cases have
been treated using this therapy during the last 2 years. This
required the development of a strategy for managing pa-
tients in whom lung cancer was diagnosed in this location,
in order to promptly diagnose and stage the disease and
implement concurrent radiochemotherapy with subsequent
surgical treatment within 4-6 weeks of the end of oncologi-
cal treatment. This study presents the perioperative results
of patients treated with concurrent preoperative radio- and
chemotherapy and subsequent surgical treatment.

Aim
The aim of the study was to present the early results of

a trimodality treatment strategy for superior sulcus tumors
patients.

Material and methods

In the period 2006-2013, 56 superior sulcus tumor (SST)
patients underwent surgical treatment at our institution.
In total, 34 patients (60.7%) received neoadjuvant thera-
py, including the following: radiation therapy (2 patients,
3.57%), chemotherapy (7 patients, 12.5%), and chemoradi-
otherapy (25 patients, 44.6%). The study included patients
presenting the radiological and clinical criteria of SST pro-
posed by Detterbeck [5]. Data from patients were treated
with radio- and chemotherapy with subsequent surgi-
cal treatment were analyzed retrospectively. The analysis
included age, sex, type of surgery, operated side, clinical
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stage, histopathological diagnosis, smoking history, post-
operative complications, completeness of the resection,
and response to neoadjuvant therapy. Clinical staging was
established by computed tomography of the chest, central
nervous system (CNS), computed tomography, PET scans,
endobronchial ultrasound (EBUS) examinations, and medi-
astinoscopy. Preoperative histopathological diagnosis was
based on large-needle and fine-needle aspiration biopsy in
24 patients, and bronchofiberoscopy in 1 patient. All pa-
tients receiving the combination therapy were scored 0 or
1 on the WHO performance status scale. The assessment
of respiratory fitness was based on a spirometric exami-
nation, a stair- climbing test, and a 6-minute walking test.
All the patients received chemoradiotherapy; 22 patients
(88%) received it as a concurrent treatment. The mean ir-
radiation dose was 51.2 Gy (30-60 Gy) in 25 fractions (25-
30 fractions) (Table I). In 6 patients, the treatment regimens
were different than those included in the table: 5 patients
received 1 cycle of chemotherapy due to signs of intoler-
ance, and 1 patient received 3 chemotherapy cycles. Periop-
erative mortality was defined as hospital mortality or death
within 30 days after surgery. Poster lateral incision was
the main surgical access. Anterior border of the resection
specimen was divided using rib shears and than the ribs to
be removed were disarticulated from the transverse pro-
cess of the vertebral body and, the lung parenchyma was

Tab. I. Neoadjuvant therapy (n = 25, 100%)

Cisplatin — etoposide 21 84
Cisplatin — navelbine 4 16
Radiation therapy (mean 51.2 Gy) 25 100
Concurrent 22 88
Sequential 3 12
2 cycles of chemotherapy 19 76
Other number of cycles 6 24

Tab. Il. Type of procedure, operated side, surgical access

Upper lobectomy 23 92
Upper bilobectomy 2 8
Right 18 72
Left 7 28
Posterolateral thoracotomy 21 84
Sternotomy 2 8
Anterior thoracotomy 1 4
Posterolateral thoracotomy with partial 1 4
sternotomy

Chest wall resection 22 88

Ribs (2-5) mean: 3

No chest wall resection 3 12

269



Early results of a trimodality treatment for superior sulcus tumors

excised en bloc with the chest wall. The types of surgical
procedures are listed in Table II. In 1 patient, the postero-
lateral incision was supplemented with partial sternotomy
in order to repair subclavian vessels. With regard to peri-
operative prophylaxis, the patients received: 2 x 1.0 g of
cefazolin (1 female patient received 2 x 0.2 g of ciprofloxa-
cin), 1 x 0.04 g of omeprazole for the prevention of stress
ulcers on the day of the procedure, and a prophylactic dose
of low-molecular-weight heparin on the day before. The pa-
tients underwent early and intensive respiratory and physi-
cal therapy from postoperative day 0. All patients were
operated on under general anesthesia with one-lung venti-
lation using a double-lumen endotracheal tube.

Results

The patients operated on included 15 men (60%) with
a mean age of 57 years (42-72 years) and 10 women (40%)
with a mean age of 52.6 years (41-69 years). Seventeen pa-
tients (68%) were smokers. The cTNM stage of over half of
the patients was evaluated as IIB. In 9 cases (36%), this
assessment was based only on clinical evaluation, as the
postoperative samples showed no neoplastic features. Squa-
mous carcinoma was the most common neoplasm (Table Ill).
All patients underwent lobectomy (Table Il); in the case of
18 patients (72%), it was performed on the right side. In
3 cases, the infiltration and subsequent resection pertained
to the anterior part of the chest wall. In 5 patients, the chest
wall defect was repaired with Prolene mesh. The remaining

Tab. lll. Epidemiological data, cTNM stage, histopathological dia-
gnosis

patients did not require reconstruction because of the de-
fect’s subscapular location. In 1 case, a resection of the Thl
vertebral body was performed with subsequent repair using
a anterior plate and screw-rod system. Excision of the chest
wall, involving 3 ribs on average (2-5 ribs), was conducted in
22 patients (88%). In 3 cases (12%), chest wall resection was
not performed, as the tumor was removed extrafascially to-
gether with the soft tissues of the prevertebral region. In
the postoperative samples of 9 patients (36%), no neoplastic
features were found; in 9 samples (36%), individual neoplas-
tic lesions were revealed, and in 7 (28%) most tumor cells
were necrotized (mean: 85%, range: 70-95%). Neoplasms in
R1 margins were found in 2 patients (8%). The mean time
of hospitalization was 13.5 days (6-30 days). No mortal-
ity was noted during the postoperative course. Postopera-
tive complications occurred in 7 patients (28%) (Table IV).
The most common complications were supraventricular
cardiac dysrhythmia and retention of secretion in the bron-
chial tree requiring repeated aspirations. Complications after
neoadjuvant therapy occurred in 6 patients (24%) (Table V).
Nineteen patients (76%) required the transfusion of 2-9
(mean: 3.5) units of packed red blood cells due to low pa-
rameters of blood morphology (hemoglobin below 9 g/dl).

Discussion

In 1838, Edwin Hare described the case of a patient with
a pathological mass in the lung apex, shoulder pain, and
athrophy of the hand muscles supplied by ulnar nerve [10].
Eighty-six years later, 7 patients with similar symptoms
were described by the radiologist Henry Pancoast [11]. Un-
til the 1950s, Pancoast cancer was considered inoperable,

Tab. IV. Postoperative complications (n = 7, 28%)

Women 10 40
Men 15 60
Supraventricular cardiac dysrhythmia 6 24
Age (years)
Numerous bronchofiberoscopic aspirations 5 20
Women 41-69 mean: 52.6
Chronic air leak (< 7 days) 2 8
Men 42-72 mean: 57
Repeat drainage (lack of full parenchymal 2 8
Chest pain 9 36 expansion of the remaining lung)
Shoulder pain 7 28 Pneumonia 1 4
Chest and shoulder pain 8 32 Repeat thoracotomy (hematoma) 1 4
Horner syndrome 4 16 Respira‘Fory failure requiring mechanical 1 4
ventilation
Smoking 17 89.5
CTNM stage Tab. V. Complications after neoadjuvant therapy (n = 6, 12%)
B 15 60
B 10 40 Neutropenia 3 12
Histopathological diagnosis Thrombocytopenia 1 4
Squamous carcinoma 16 64 Bronchitis 1 4
Adenocarcinoma 5 20 Acute kidney injury 1 4
Non-small-cell carcinoma 4 16 Esophagitis 1 4
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and radiotherapy dosed at 45-70 Gy was the treatment
of choice. The 5-year survival rate was 5-10% at the time
[9]. In 1953, Chardack and Mc Callum published the results
of combination therapy for a Pancoast tumor in a patient
who, after undergoing radiation therapy (dosed at 65 Gy)
and subsequent anatomical resection, survived for 5 years
without any disease symptoms [12]; in 1975, Paulson pub-
lished the results of surgical treatment for Pancoast tumors
conducted in 61 patients, who received radiation therapy
dosed at 30 Gy in 10 fractions and underwent subsequent
surgical treatment; 5-year survival was confirmed in 34%
of these patients [13]. Radiation therapy preceding surgical
treatment became the standard procedure in the treatment
of locally advanced lung cancer.

The 215t century begun with the introduction of a tripar-
tite treatment, i.e. surgical treatment preceded by chemo-
radiotherapy. In 2005, the most prominent prospective
multicenter study by Rusch et al. demonstrated that us-
ing preoperative chemoradiotherapy facilitates a complete
pathological response rate of 56% and 5-year survival in
44% of treated patients. Perioperative mortality was 4%,
and 52.3% of patients suffered from postoperative compli-
cations, primarily atelectasis, and pneumonia [4]. Since the
latter study was published, the three-phase treatment has
become a recommended standard for this kind of tumors.

The use of preoperative chemoradiation is associated
with an increase in the prevalence of postoperative com-
plications and perioperative mortality compared to tradi-
tional lobectomy for lung cancer [17]. However, most of
the early results of the few published reports of combina-
tion therapy for SST employing neoadjuvant chemoradio-
therapy and subsequent surgery confirm the safety of this
strategy. Perioperative mortality is relatively low, ranging
between 0% and 6.9%; complications occur in 10.3-45%
of patients and are primarily pneumonia, bronchitis, and
atelectatic lesions requiring frequent bronchial aspirations
[8, 16, 18]. The complete pathological response rate after
neoadjuvant chemoradiotherapy ranges from 56% to 62%,
and oncological radicality is achieved in 81-100% of pa-
tients [4, 8, 16, 18].

In our study, postoperative complications occurred only
in 7 patients (28%). This probably stems from numerous
factors, the most important among them being age, very
detailed preoperative diagnostics, prolonged antibiotic
prophylaxis, longer hospital stay aimed at avoiding delayed
complications, and the experience of the attending medical
team in this type of procedure.

Rusch et al. did not perform chest wall resection in
14.7% of the operated patients and provided no expla-
nation for this [4]. Among the patients operated on in
our center, chest wall resection was not performed in
3 cases (12%), because the tumor was removed extrafas-
cially. The first patient was 67 years old and suffered from
cardiac comorbidities; he had survived two myocardial
infarctions and had undergone coronary artery stenting.
His upper lung lobe was excised extrapleurally; numer-
ous intraoperative examinations did not reveal any signs

Kardiochirurgia i Torakochirurgia Polska 2014; 11 (3)

of a neoplasm. Due to the high perioperative risk, exten-
sive chest wall resection was avoided. In the second case,
after neoadjuvant therapy, the infiltrate was “scratched
away” from the ribs and mostly involved the mediastinum
from the side of the thoracic inlet, which was excised en
bloc with the right upper lobe. The histopathological sam-
ples of this patient also showed no signs of a neoplasm.
In the third case, the infiltrate involved the mediastinum
from the thoracic inlet to the azygos vein. A lobectomy
was performed, and the infiltrated mediastinal fat was
excised en bloc with the lymph nodes. Oncological radi-
cality was achieved in 23 patients (92%). In one patient,
a repeat analysis of the samples yielded ambiguous results.
In another patient, positive margins were diagnosed in
the ad-vertebral (Th1 and Th2) line of rib excision, specifi-
cally on the pleura and the soft tissues of the spine that
were excised (cT4). No perioperative deaths were noted. In
9 postoperative samples (36%), no neoplasm was found
after neoadjuvant therapy; this is similar to the reports by
Rusch et al. [4] and Pourel et al. [14], in which this percent-
age was 56% and 62%, respectively.

Some interesting results were reported by Ginsberg,
who compared the survival of patients with N3 involve-
ment of the ipsilateral supraclavicular lymph nodes and
patients with N2 involvement. Among the patients with
supraclavicular lymph node involvement, 15% survived for
5 years; there were no 5-year survivals among the patients
with N2 involvement [15]. These results may suggest that,
in the case of Pancoast tumors, supraclavicular lymph node
involvement on the side of the tumor should be classified
as parameter N1 instead of N3.

The early results of the tripartite treatment for Pan-
coast tumors at our institution appear to be satisfactory.
They correspond to the results of other publications on the
same subject. It should be underscored once more that pa-
tients undergoing three-phase treatment require special
postoperative care. Relieving postoperative pain, intensive
respiratory and physical therapy, and employing prolonged
prophylaxis or empirical antibiotic therapy in the presence
of even a minimal increase of inflammatory parameters
(CRP, WBC() are factors that play a fundamental role in
avoiding postoperative complications. The mean length of
hospital stay at the clinic was 13 days, which is twice the
duration of hospitalization after traditional lobectomy. In
the USA, the hospitalization time is shorter (7 days), which
is related to differences in the management of postopera-
tive care [4].

Conclusions

Trimodality treatment for superior sulcus tumors, con-
sisting of concurrent chemotherapy and radiation therapy
with subsequent surgical resection, is a safe method. Peri-
operative mortality rates and the number of complications
among patients treated with the combined method do not
differ from the numbers observed in one-phase surgery. In
more than half of the patients, radio- and chemotherapy
resulted in complete or nearly complete remission of the
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neoplasm. Assessment of the oncological efficiency of this
treatment strategy requires further observation.
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