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Summary

The combination of radiotherapy and concurrent chemotherapy followed by surgery 

(trimodality treatment) is currently regarded as optimal treatment for non-small cell 

lung cancer of the superior sulcus (SST) or Pancoast tumour. The possibility to administer 

intensive combined modality treatment is influenced by tumour stage, comorbidity 

and performance status of these patients, and therefore a strict patient selection is 

necessary. This study focuses on patient selection and its results. We retrospectively 

evaluated choices of treatment and outcome of all patients with SST treated in the 

Netherlands Cancer Institute from 1994 to 2004.

After identification of patients with SST in registration databases, the following 

characteristics were analyzed: symptoms, comorbidity, tumour stage, treatment 

characteristics, toxicity, local control, disease-free and overall survival. Fifty-two patients, 

37 men and 15 women, were identified. They were diagnosed with stage IIB (27%), stage 

IIIA (8%), stage IIIB (42%) and stage IV (23%). Twelve patients after induction (chemo)

radiotherapy underwent surgical resection. In eight patients a pathologic complete 

response was found. The 2- and 5-year survival after induction treatment and surgery 

was 75% and 39% respectively. Other patients did not receive surgical treatment 

because of stage IV disease (n=12), comorbidity (n=8), irresectability (extensive tumour 

growth and/or persisting N2-3 status; n=14) or insufficient response to induction 

treatment (n=6). Eleven patients were treated with concurrent chemoradiotherapy (5-

year survival 20%) and 17 patients with (sequential) radiotherapy and/or chemotherapy 

(5-year survival 6%). Local recurrence rates were 0% after induction treatment and 

surgical resection, 32% after concurrent chemoradiotherapy and 72% after (sequential) 

radiotherapy and/or chemotherapy. In conclusion, only 30% of M0 patients with SST 

were eligible for combined modality treatment followed by surgery. In this subgroup, 

concurrent chemoradiotherapy followed by surgery was associated with excellent local 

control and acceptable survival.
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Introduction

Pancoast tumours or superior sulcus tumours (SST) are predominantly non-small cell 

lung carcinomas (NSCLC) that arise from the apex of the lung, and tend to invade 

the apical ribs, brachial plexus, subclavian vessels, stellate ganglion, and adjacent 

vertebral bodies. This tumour was first described by Hare in 1838, but became generally 

recognized when radiologist Henry Pancoast described its clinical and radiographic 

features in 1932 (1). 

Tumours in the superior sulcus can be divided in three categories, depending on their 

position in relation to the insertion of the anterior and middle scalene muscles onto the 

first rib (2). Tumours in anterior, middle and posterior compartments cause different 

clinical presentations and may also require different surgical techniques. 

Its distinctive localization, and a less pronounced tendency to early metastatic spread, 

has challenged thoracic oncologists, surgeons, and radiation oncologists to intensify 

treatment to obtain optimal locoregional tumour control (3-5). Pancoast tumours are 

characterized by severe pain and neurological symptoms resulting directly from tumour 

invasion into brachial plexus and chest wall. Therefore, even if therapy is focused on 

palliation, an aggressive approach is justified for the achievement of local control. 

Multimodality treatment was in fact firstly performed by Shaw and Paulson in 1961, 

when they had discovered that, after radiotherapy with palliative intent, the tumour 

became resectable (6). Recent studies have indicated that multimodality treatment, 

consisting of concurrent chemoradiotherapy (CRT) followed by surgery, provides the 

best chances for cure (4,7,8). However, poor performance status, comorbid conditions 

and nodal involvement frequently exclude patients from such intensive treatment.

We have made a retrospective evaluation of the effects of patient selection and 

treatment choices for patients presenting with SST. Results of curative and palliative 

treatment in patients with superior sulcus tumours over a period of 10 years are 

reported. 

Patients and Methods

Between 1994 and 2004, 5185 NSCLC patients were referred to the Netherlands Cancer 

Institute – Antoni van Leeuwenhoek Hospital (NKI-AVL), a reference oncology centre 

in the Netherlands, for treatment or for a second opinion. Of these, 3474 patients 

were treated in our institute. From this group of patients, all with tumours invading 

the superior sulcus were identified from three databases (tumour-, surgery- and 
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radiotherapy registration). All patients with a pathological diagnosis between January 

1 January 1994 and 1 January 2004 were included in a retrospective analysis. The 

following data were collected: age, gender, performance status, weight loss, smoking 

status, presenting symptoms, pulmonary function, comorbidity, clinical and pathologic 

tumour stage, histology, treatment modalities, toxicity of and response to treatment, 

date and site of first relapse, and overall survival. Performance status was expressed 

by the WHO/ECOG classification. The Charlson comorbidity index was used to classify 

comorbidity (9,10). Lacking follow-up data were completed by contacting the patient’s 

general practitioner.

Staging procedures included a computed tomography (CT) scan in all patients. 

Additional mediastinoscopy and (from the year 2000 on) positron emission tomography 

([18F]-FDG-PET) were regularly used when indicated. In more recent years, endoscopic 

ultrasonography with fine needle aspiration (EUS-FNA) was occasionally used. MRI was 

frequently used to determine tumour involvement of the vertebrae, brachial plexus, 

and subclavian vessels in patients candidate for surgery. 

Every patient was assessed by a multidisciplinary team. Exclusion criteria for surgical 

intervention were: progressive disease after induction treatment, persisting N2/N3 

disease, (extensive) tumour invasion in neural foramina, vertebral bodies, brachial 

plexus, or greater vessels, weight loss of ≥10%, or insufficient cardiopulmonary reserve.

When surgical resection seemed possible, induction treatment was initiated. The 

preferred regimen (concurrent CRT) consisted of daily low dose cisplatin 6 mg/m² given 

intravenously 1-2 h before each fraction of radiotherapy. Accelerated radiotherapy (RT) 

was given using a concomitant boost technique to a total dose of 66 Gy in 24 fractions 

within 32 days. This regimen is extensively studied in two trials by Uitterhoeve and co-

workers (11,12). If concurrent CRT was not feasible, e.g. when treatment was started 

before referral to our hospital, induction treatment was adapted. 

Restaging by CT and/or MRI was performed to assess response to induction therapy. 

Radiological response was defined according to the RECIST criteria (13). Additional 

imaging for restaging by [18F]-FDG-PET or EUS-FNA was performed regularly from the 

year 2000 on. Surgery was scheduled 4-6 weeks after induction treatment. 

Patients ineligible for surgery (due to disease progression) were offered radiotherapy 

(RT) and/or chemotherapy (C). Intended doses of RT ranged from 66 to 88 Gy, 

depending on performance status and participation in a phase II dose escalation 

trial (14). Chemotherapy consisted of platinum- based doublets, mainly cisplatin or 

carboplatin in combination with gemcitabine. The principal scheme consisted of 3-4 
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cycles of cisplatin 75 mg/m² (day 1) combined with gemcitabine 1250 mg/m² (days 1 

and 8). 

Patients diagnosed with distant metastatic spread (stage IV) received palliative 

radiotherapy, chemotherapy or a combination of both. No uniform schedule was used. 

Radiation doses ranged from 20 to 39 Gy in fractions of 3-6 Gy. 

Survival was analyzed from the date of diagnosis using the Kaplan-Meier method. For 

the analysis of (disease-free) survival, events were defined as recurrent disease – due to 

distant metastasis or local recurrence – or death of any cause.

Results

Out of the 5185 patients presenting with lung cancer in the period 1994-2004, 52 

patients with SST (37 men; 15 women; age 58, range 32-82) were identified. Patient 

characteristics are listed in Table 1. Median follow-up period of the whole group of 

patients was 88 months (range 2-123). One patient was lost to follow-up after 2 months.

Table 1. Patient characteristics and presenting symptoms 

Variable No. (%)

No. of patients
Sex
   Male
   Female
Age (median)
Presenting symptoms
  Pain shoulder, axilla or chest
  Pain shoulder, radiating down the arm
  Pain shoulder AND paresthesia/muscle weakness
  Other
  None
Horner’s syndrome
Performance status
   0
   1
   2
   3
Weight loss (%)
  <5
  5-10
  >10  
  Unknown   
  

52

37 (71)
15 (29)

56 y (range 32-82)

12 (23)
18 (35)
11 (21)
4    (8)
7   (13)
16 (31)

24 (46)
19 (37)
7   (13)
2   (4)

37(71)
9  (17)
4  (8)
2  (4)
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The majority of tumours were located in the middle and posterior compartments (2); 

only two patients had an anterior sulcus superior tumour. Most patients presented 

with pain in the ipsilateral shoulder, axilla or hemi-thorax. The classical Pancoast 

presentation, with shoulder pain radiating to the arm and the (ulnar side of the) hand, 

was present in 29 patients (56%). Eleven of these patients also had paresthesia and/or 

weakness of the hand muscles. Horner’s syndrome with ptosis, myosis and anhydrosis 

was seen in 16 patients (31%). Other symptoms were coughing, dyspnoea, haemoptoe 

and fatigue.  

Table 2. Tumour stage and histology

Variable No. (%)

Stage and TNM
   IIB  
   T3 N0 M0
   IIIA 
   T3 N1 M0
   T3 N2 M0
   IIIB 
    T3 N3 M0
    T4 N0 M0
    T4 N2 M0
    T4 N3 M0
   IV    
Histology
   Adenocarcinoma
   Squamous cell carcinoma
   Large cell carcinoma (not specified)

14 (27)
4   (8)
1   (2)
3   (6)

22 (42)
1   (2)

14 (27)
3   (6)
4   (8)

12 (23)

27 (52)
5   (10)
20 (38)

In Table 2 staging and pathology data are presented. For initial staging, CT was used 

in all patients, MRI in 60%, and [18F]-FDG-PET in 35% of cases. Mediastinoscopy was 

performed in 37%. Imaging was indicative for tumour involvement of spine in 15%, 

brachial plexus in 15% and subclavian vessels in 6%. 

A flow chart of patient selection for the different treatment modalities is illustrated 

in Figure 1. Of the 52 patients, 12 had stage IV disease. Metastases were diagnosed 

in adrenal gland (n=2), bone (n=4), brain (n=1), liver (n=2), lung (n=1), extra-thoracic 

lymph nodes (n=3) and choroid of the eye (n=1). They received palliative treatment.

Forty patients had M0 disease. Twenty-two of them were considered inoperable: 8 on 

the basis of comorbidity, and 14 were judged irresectable by extensive involvement of 

lymph nodes, the brachial plexus, greater vessels and/or neural foramina. They received 

concurrent CRT (N=8), sequential CRT (N=5), or radiotherapy only (N=9). Seventeen of 

these patients completed their treatment as planned, five of them had dose reductions. 

Radical radiotherapy could not be performed when the spinal cord was exposed to 

more than 60 Gy, or when limitations caused by previous irradiation existed. Some 
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patients were referred from other hospitals, and had already received several courses of 

chemotherapy. These patients therefore could not receive concurrent CRT. 

Figure 1: Flow chart of patient selection for treatment
Legend: Conc. CRT= concurrent chemoradiotherapy, Seq. CRT= sequential chemoradiotherapy,  
RT= radiotherapy, Ch=chemotherapy

Eighteen patients were considered candidates for surgical intervention. Of these 

patients, 17 received induction therapy: concurrent CRT (n=10), sequential CRT (n=2), 

radiotherapy only (n=3) or chemotherapy only (n=2). Fifteen patients completed the 

planned regimen, two patients had dose reductions of concurrent CRT. One patient 

refused induction therapy, and was directly planned for surgery.

After induction therapy, 11 out of the 17 patients were considered eligible for surgical 

resection. In the six remaining patients, local tumour progression (concurrent CRT n= 2, 

sequential CRT n=1, C n=1), or the occurrence of distant metastasis were reasons not to 

proceed to surgery. In two of these six patients, additional radiotherapy was feasible, as 

they had not yet received (the maximum dose of ) radiation during induction treatment. 

A total of 12 patients (including one patient refusing induction treatment) underwent 

surgery.

In all patients a high-posterior (6) or extended posterolateral approach was used. All 

resections included mediastinal lymph node dissection. Eleven lobectomies and one 

bilobectomy with chest wall resection were performed. Partial resections of vertebrae 
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or brachial plexus were necessary in 3 patients. In two patients arterial reconstruction 

was performed with a vein patch. 

Table 3. Tumour response to induction treatment (RECIST), pathological downstaging and postoperative 
complications

Variable No. (%)

Radiological response of primary tumour 
 (n = 17)

Partial remission
Stable disease 
Progression

Pathological downstaging   
 (n = 12)

cT3 à pT0
cT4 à pT0
cT3 à pT3
cT4 à pT4

Postoperative complications    
 (n = 12)

Atelectasis
Pneumonia
ARDS
Hemorrhage

4   (23)
11 (65)
2   (12)

5 (42)
3 (25)
3 (25)
1 (8)

2   (17)
3   (25)
1     (8)
1     (8)

Response to induction treatment, pathological downstaging and complications of 

surgery are given in Table 3. Resection was microscopically complete (R0) in all patients. 

In 47% (8/17) there was a pathological complete response to induction treatment. The 

median hospital stay was 15 days (range 9-34).

Complications of surgery were seen in five patients: temporary atelectasis in two 

patients, pneumonia in three patients, ARDS in one patient and postoperative 

haemorrhage in one patient, leading to rethoracotomy. There was no postoperative 

mortality. 

Toxicity of concurrent CRT occurred predominantly in the oesophagus (n=6). Severe 

toxicity (grade 3-4), with perseverance of swallowing problems and decreased intake, 

occurred in three patients. 

Locoregional tumour recurrence after (induction treatment plus) surgical resection did 

not occur. In six patients distant metastasis occurred during follow-up after thoracotomy. 

The median overall survival of the resected patients was 38 months (range 8-114). The 

2- and 5- year survival rates after resection were 75% (95% confidence interval (CI) 50%-

99%) and 39% (95% CI 10%-68%), respectively. The median disease-free survival after 

resection was 22 months (range 7-114). The disease-free survival rates at 2 and 5 years 

were 50% (95% CI 22%-78%) and 39% (95% CI 11%-69%). 
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Figure 2: Overall survival of patients with superior sulcus tumors diagnosed between 1994 and 2004 
(N=52). CRT= chemoradiotherapy.

Legend:  Induction and resection (n=12)
 Concurrent CRT (n=11)
 Sequential CRT (n=17)
 Palliative treatment (n=12) 

The survival curves of the different patient groups are given in Figure 2. 

Median overall survival of all 52 patients was 18 months (range 4-123) with 2- and 

5-year survival rates of respectively 37% (95% CI 24%-51%) and 15% (95% CI 5%-25%). 

Median disease free survival was 16 months (range 2-123), and 2- and 5- years disease-

free survival rates were 27% (95% CI 16%-44%) and 19% (95% CI 7%-32%), respectively. 

In 25 of the 40 patients who presented with M0 disease, locoregional tumour recurrence 

or distant metastases were detected during follow-up. Four patients developed a local 

recurrence, 16 patients had (multiple) distant metastases, and five patients suffered 

from both a local recurrence and distant metastasis. Distant metastases were frequently 

located in adrenal gland (n=7) and brain (n=8). Locoregional recurrence was diagnosed 

in two patients after concurrent CRT (2/11), and in 7 patients after sequential CRT (7/17). 
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Discussion

The first milestone in the treatment of superior sulcus tumours was achieved in 1961, 

when Shaw and colleagues presented their results of combined therapy consisting of 

preoperative RT followed by surgery (6). From that time, 5- year survival rates in selected 

series of patients increased to 30% (15,16). In the last 15 years, after the introduction of 

better staging procedures and multimodality treatment, even more favourable 2-year 

survival data were reported in selected patients of 55% (70% after complete resection), 

and relatively low rates of locoregional relapse of 23% (4).

Our results indicate that combined modality treatment is not feasible for every patient 

presenting with SST. Most authors report about their surgical treatment results only, 

and fail to mention the number of patients excluded for surgical intervention because 

of poor performance status and/or advanced tumour stages. To analyze the treatment 

outcome of patients with a superior sulcus tumour more adequately, it is necessary to 

focus on the entire group of patients presenting with this tumour, not just the patients 

in good condition receiving optimal (trimodality) treatment. The problem of selection 

bias and the importance of determining criteria for patient selection has been raised 

by Millar and colleagues in 1996 and Neal and colleagues in 1991 (17,18). Without 

adequate description of the process of patient selection it is virtually impossible to 

get an impression of the efficacy of an intervention and to compare results between 

studies.  

This study does illustrate the process of patient selection into various treatment groups.

Thirty percent of M0 patients (12/40) were fit to receive optimal combined modality 

treatment. Toxicity was acceptable in those selected patients, as several other authors 

have reported after selection (4,19). However, concurrent chemoradiotherapy with 

surgery is not tolerated by patients with poor performance status, severe comorbidity 

or insufficient (cardio)pulmonary reserve. In our study this group comprised about 20% 

(8/40) of our M0 patients. We used strict criteria to determine resectability. Exclusion 

criteria were disease spread to N2/N3 nodes or growth into (subclavian) vessels, 

brachial plexus, and intervertebral foramina. Therefore, 50% of superior sulcus tumours 

were judged to be technically irresectable (or remained to be after induction therapy). 

In such patients, selected case series have been published on extensive resections 

including vertebrectomy with spinal fixation and resection of vessels or brachial plexus 

(20-22). Although such procedures can be performed in selected patients, they are 

associated with considerably higher risks of irradical resections and higher morbidity 

and mortality rates.
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Although our survival results are similar to the recently updated data from the JCOG-

9806 and SWOG-9416 trials (4,23) in our study more pathological complete responses 

were found (47% versus 16% and 31%, respectively). We presume that this might be the 

effect of the higher and accelerated radiation dose used for induction treatment in our 

institution: 66Gy in 32 days versus 45Gy in 32 days. Survival differences with respect to 

complete versus incomplete response to induction treatment were not observed in this 

small group of patients (24).

The local recurrence rates were low following concurrent CRT with or without surgery, 

but the number of distant metastasis was high in all treatment groups. The change 

in (first) site of recurrence from mostly locoregional to mostly distant metastasis (3,4) 

suggests that combined modality treatment has improved local control in these 

patients. Preventing distant metastasis has now become the challenge in the treatment 

of these patients. Large randomized trials concluded a 5-15% survival benefit at 5 

years of adjuvant chemotherapy in patients with radically resected stage I-IIIA NSCLC 

(25-28). However, many patients with superior sulcus tumours may not tolerate more 

extensive treatment (full dose chemotherapy in the induction phase or consolidation 

chemotherapy after surgery). 

In conclusion, careful patient selection for multimodality treatment, on the basis of 

staging and comorbidity, is of vital importance in the treatment of superior sulcus 

tumours. Only 30% of M0 patients with SST were eligible for combined modality 

treatment followed by surgery. In patients with compromised health status or 

irresectable disease, concurrent chemoradiotherapy with daily cisplatin and accelerated 

radiation of 66 Gy in 24 fractions (32 days) is a good alternative for surgery. 
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