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ABSTRACT

Aim

We studied the clinical outcomes of a trimodality protocol used for the treatment of superior 

sulcus tumors (SST) in a tertiary referral center.

Methods

The details of all patients who underwent treatment for a SST between January 2003 and 

December 2009 were retrospectively analyzed. Following pre-treatment staging, all patients 

underwent concurrent chemoradiotherapy with cisplatin/etoposide, followed by surgery. 

Outcomes studied were treatment-related complications, pathological response rates, 

recurrence rates and survival.

Results

Fifty-four patients were treated by chemotherapy (cisplatin/etoposide) and concurrent 

radiotherapy (46 - 66 Gy) followed by surgical resection. Minimum follow-up was 23 

months. No 30-day mortality was observed. A complete (R0) resection was performed in 

44 out of 54 patients. None had an R2 resection. Two-year survival was 50% (95%CI: 36.7 - 

63.3). Patients who achieved a pathological complete response (n = 16) had a 2-year survival 

of 81% (95%CI: 62.1 - 100.0) versus a 37% 2-year survival (95%CI: 21.5 - 52.1) in patients 

with remaining vital tumor in their resection specimens (n = 38; P < 0.003). Five patients 

developed a local recurrence, and 23 patients a distant metastasis, mainly to the brain (n = 

15). Two patients died from causes unrelated to cancer.

Conclusions

Trimodality treatment of SST in accordance to our protocol achieved results comparable to 

previous reports. Pathological response rates to induction were an important prognostic 

factor, and distant metastasis remains a major problem.
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INTRODUCTION

Superior sulcus tumors (SST) or Pancoast tumors represent a subgroup of non-small cell 

lung carcinomas (NSCLC) arising near the pulmonary apex or superior sulcus, and invade 

the chest wall, brachial plexus, and occasionally the spine or subclavian vessels. Since 2003, 

chemoradiotherapy followed by surgery has been the recommended treatment approach 

for SST.1 However, considerable variation exists between centers with regards to

patient selection, extent of staging and pre-treatment regimens.2-8 For example, some 

reports have excluded patients who present with N2 disease,2 and an 18-fluorodeoxyglucose

(FDG) - positron emission tomography (PET) scan for staging has not been uniformly used.2-8

We implemented a regional clinical protocol to standardize the staging and treatment of 

SST, and present the results of the first 54 patients that were treated in this fashion. In 

addition, an analysis of the prognostic factors influencing disease free and overall survival in 

this cohort of patients is performed.

MATERIALS AND METHODS

Patient selection and staging

This retrospective analysis was approved by our institutional Medical Ethics Committee. Data 

on all patients with a SST, who were operated between January 2003 and December 2009 at 

our institution, were retrieved from a patient database. The diagnosis of SST was established 

after review in a multidisciplinary lung cancer board and in accordance with established 

clinical and radiological criteria.9 All patients were uniformly staged (TNM6 classification 

was retrospectively converted to TNM7)10 by: history, physical examination, laboratory 

investigations, chest X-ray, bronchoscopy, lung function tests, computed tomography (CT)

scan of the chest and upper abdomen and a whole body FDG-PET scan. Patients with 

suspected or cytologically proven metastasis to N2 lymph nodes (N2 disease), were eligible 

for this study.

Induction therapy and restaging

All patients underwent concurrent induction chemoradiotherapy followed by surgery. 

Chemotherapy consisted of 1 cycle of cisplatin 80 mg/m2 on day 1 and either gemcitabine

1250 mg/m2 on day 1 and 8, in case of squamous histology or pemetrexed 500 mg/m2 on 

day 1 in case of non-squamous histology, and 2 cycles of cisplatin 80 mg/m2 on day 1 and 
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etoposide 100 mg/m2 days 1 - 3 for 3 weeks. Radiotherapy was administered to a dose of

46 - 60 Gy, in fractions of 2 Gy, commencing on day 2 of the second cycle of chemotherapy 

for logistical reasons.

Details of radiotherapy were reported previously.11 Adequate supportive therapies, such as 

hydration, diuretics and anti-emetic medication, were provided during chemotherapy.

Nutritional status was supervised by a dietician and nasogastric tube feeding commenced 

when weight loss in excess of 10% of baseline weight was observed. All patients were 

restaged after completion of induction therapy by means of a CT-scan of the chest and upper 

abdomen. Patients showing any disease progression during or after chemoradiotherapy 

were not operated upon, and are not included in this database. In patients with suspected or 

proven N2 disease, a mediastinoscopy was performed for restaging after induction therapy.

Since 2003, the institutional protocol underwent a number of changes: 

1. In 2007, brain MRI was added to pre-induction staging in accordance with ACCP 

recommendations.9

2. In 2008, mediastinoscopy after induction therapy was discarded as mediastinal lymph 

node dissection was routinely performed, and persistent N2 disease was excised as it 

was felt that a failure to achieve local control of an SST would have resulted in a risk of 

severe morbidity.

Surgery and histopathological evaluation

Patients without any local or distant progression of disease underwent surgery at 4 - 6 weeks 

after completion of induction therapy. All patients were operated by the same surgical 

team, led by two senior surgeons. At thoracotomy, an upper lobe resection was performed 

with en-bloc resection of the involved chest wall. In addition, the T1 branch of the brachial 

plexus was resected. A hilar and mediastinal lymph node dissection was performed and the 

bronchial stump was covered by a vascularized intercostal muscle flap. All patients received 

epidural analgesia for postoperative pain control and subcutaneous fraxiparin injections for 

prophylaxis of thromboembolic complications.

Resection specimens were fixed in neutral buffered formalin. During gross pathological 

examination of the resection specimen at least two blocks are taken from the tumor area 

and two from the adjacent lung. If no viable tumor cells were seen in these blocks with 

histological examination, the remaining of the lesion was embedded in paraffin. Pulmonary 

lymph nodes are cut at 3 mm slices and embedded. The histopathological response in the 

resection specimens was scored by estimating the percentage of vital tumor cells within 
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the macroscopical tumor rest in relation to areas of fibrosis, necrosis and inflammatory 

changes. A 4-tier scoring system was used: (1) complete pathological response; (2) less than 

10% vital tumor cells; (3) more than 10% vital tumor cells; (4) no pathological response.

Data collection

Data on patient characteristics, diagnostic work-up and treatment, pathological results and 

recurrence and survival were collected. Follow-up data were derived from medical records, 

clinical charts, imaging reports and by contacting patients’ general practitioner, referring 

physicians and the patient or his/her family. Survival data were obtained up to December 

2011.

Statistical analysis

All statistical analyses were performed using the statistical software package SPSS, version 

17.0 (SPSS, Inc., Chicago, IL, USA). Survival was calculated with the Kaplan-Meier method 

from the date of operation. For the analysis of disease free survival, events were defined 

as local recurrence, progressive disease (i.e. distant metastasis) or death of any cause. In 

addition, survival was compared with pathological response, N2 lymph node status and 

radical resection using the log-rank test. Values in text and tables are presented as medians 

unless stated otherwise. To identify prognostic factors for survival at 2 years, all possible 

prognostic factors were entered in stepwise backward logistic regression analysis using a 

cut-off value of P < 0.05. Odds ratios (OR) were presented with 95% confidence intervals. 

Statistical significance was defined as P < 0.05.

RESULTS

Patient characteristics

Between January 2003 and December 2009, 59 patients with a SST underwent treatment in 

our protocol. Three patients with stadium 4 disease were included: one patient was treated 

after resection of a solitary right adrenal metastasis and two patients had a second tumor in 

the contralateral lung, treated with stereotactic radiotherapy. Five patients did not undergo 

subsequent surgery because of either tumor progression (n = 3) or poor general condition 

(n = 2), leaving a 54 patients eligible for analysis. Median follow-up was 46 months (range: 

24 - 115 months) and complete for all patients. Patient characteristics are summarized in 

Table 1.
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Table 1: Patient characteristics

Characteristic n

Number of patients included 54

Age (years), median (range) 56 (36 - 78)

Men 36

Women 18

Histology

Large cell

Adenocarcinoma

Squamous cell

16

25

13

Tumor-stadium

IIB

IIIA

IIIB

IV

19

8

24

3

N2 lymph node involvement before induction

Clinically suspected

Confirmed by histology or cytology

10

6

4

Induction therapy

Concurrent chemotherapy and radiotherapy were administered to all patients. The median 

dose of radiotherapy delivered was 50 Gy (range 46 - 66 Gy) with only two patients treated 

to 66 Gy. The majority of patients (n = 46) received chemotherapy according to our protocol 

described in the methods section. Eight patients received alternative chemotherapy 

schemes; five patients received weekly docetaxel/cisplatin with concurrent radiotherapy 

as part of a phase II trial,12 one patient received vinorelbine as a second agent instead of 

gemcitabine because of participation in another trial, and two patients were treated with 

carboplatin instead of cisplatin in their referring hospital. Toxicities associated with the 

induction therapy are summarized in Table 2.

Surgery

Forty-nine out of 54 patients underwent a posterolateral thoracotomy and the remaining 

five patients who had an anteriorly located tumor underwent resection through a hemi-

clamshell incision. A lobectomy with en-bloc resection of the involved chest wall was 
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performed in the majority of patients (n = 50), with two of them undergoing a bi-lobectomy 

as there was an abscess in the right middle lobe in one, and invasion of the middle lobe 

in another. In four cases a wedge resection was performed for the following reasons: (1) 

marginal pulmonary function (n = 1), (2) positive mediastinal lymph node station 5 based on

intra-operative frozen sections (n = 1) and (3) extensive bullous emphysema of the remaining 

lung tissue (n = 2), requiring a parenchyma-sparing resection. Four patients underwent 

resections of adjacent thoracic vertebra due to tumor invasion. In one patient, a part of the 

sternum and medial part of the clavicle were also removed en-bloc with the tumor. Eight 

cases required vascular resection and reconstruction due to involvement of the subclavian 

artery and/or vein (n = 5), pulmonary artery (n = 2) and superior vena cava (n = 1).

Table 2: Toxicity of induction therapy (n = 54)
Complication n

Leukopenia 6

Neutropenia 5

Esophagitis 32

Weight loss 12

Weight loss with need for nasal gastric tube feeding 10

Ototoxicity 5

Nephrotoxicity 3

Pulmonary embolism 1

Complications

Major complications were observed in 20 out of 54 patients. Eight patients underwent a 

reoperation, with four patients needing a tracheostomy and another two patients requiring 

a rethoracotomy for an empyema. One patient underwent a rethoracotomy with resection 

of the distal part of the scapula because of scapula entrapment and an empyema. In 

addition, one patient developed a kyphoscoliosis with spinal cord compression after a partial 

resection of vertebra T1 and T2 en-bloc with the tumor. The neurologic deficit resolved after 

laminectomy and both ventral and posterior stabilization.

Eleven patients developed an atelectasis requiring bronchoscopy or pneumonia and three 

other patients developed a pulmonary embolism. Two patients developed neuralgia of 

the brachial plexus following resection of the tumor. Wound infection (n = 2) and atrial 
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fibrillation (n = 2) were also observed. No 30-day postoperative mortality was observed.

Pathological evaluation

An R0 resection was performed in 44 out of 54 patients. In 10 patients positive resection 

margins were found on microscopy (R1) but no R2 resections were observed. No remaining 

vital tumor tissue was seen in 16 patients, and 8 resected specimens showed less than 10% 

vital tumor cells. Specimens from 30 patients revealed either more than 10% vital tumor 

tissue or no pathological response at all. 

Survival, recurrences and distant metastasis

The overall 2-year survival and median disease free survivals are shown in Table 3, and Figure 

1 and 2. Patients with either a complete pathological response or less than 10% remaining 

vital tumor in the resection specimen, and those having a R0 resection, had significantly 

better survival rates compared to patients without these findings. No difference in survival 

was observed between patients with a complete pathological response and patients with 

less than 10% remaining vital tumor. No differences in overall and disease free survival were 

observed in patients with and without N2 disease. Of the patients who developed a local 

recurrence, three patients had an initial R0 resection and two an initial R1 resection. All five 

of them had more than 10% remaining vital tumor tissue in their resection specimen. 

Table 3: Survival data
Overall 2-years 

survival % (95% CI)

P-value 2-Years disease free 

survival % (95% CI)

P-value

Overall 50.0 (36.7 - 63.3) 47.9 (34.6 - 61.2)

N2 disease 40.0 (9.6 - 70.3) 0.501 40.0 (9.6 - 70.4) 0.614

No N2 disease 52.3 (37.6 - 67.0) 50.0 (35.3 - 64.7)

Complete path. response 81.3 (62.1 - 100.0) 0.003 81.3 (62.1 - 100.0) 0.003

No complete path. response 36.8 (21.5 - 52.1) 33.7 (18.6 - 48.8)

R0 resection 56.8 (42.1 - 71.5) 0.012 54.3 (39.6 - 69.0) 0.022

R1 resection 20.0 (0.0 - 44.7) 20.0 (0.0 - 44.7)

Local recurrence 33.3 (0.0 - 70.9) 0.085 n/a n/a

No local recurrence 53.3 (39.2 - 67.0)

Distant metastasis 4.8 (0.0 - 13.8) < 0.001 n/a n/a

No metastasis 78.8 (64.9 - 92.7)

P-value based on log-rank test.
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Figure 1. Kaplan-Meier curves displaying (A) overall and (B) disease free survival for all patients.

Figure 2. Kaplan-Meier curves displaying (A) overall survival for patients with (continuous line) and without 
(interrupted line) a complete pathological response (P < 0.003, log-rank test) and (B) disease free survival for 
patients with (continuous line) and without (interrupted line) a complete pathological response (P < 0.003, log-
rank test).
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Twenty-three patients developed distant metastasis of which the majority (n = 15) had brain 

metastasis (Table 4).

Table 4: Recurrences and sites of metastasis (n = 54)
n

Local recurrence 5

Distant metastasis

Brain

Brain only

Bone

Lung

Other sites (adrenal glands, liver, pancreas)

23

15

13

4

3

3

Logistic regression analysis identified complete pathological response as a significant 

predictor of survival at 2 years (OR 0.20, 95%CI 0.051 - 0.78; P < 0.02). The presence of 

residual vital tumor cells was an important risk factor for the development of metastasis 

(OR 4.09, 95%CI 1.02 - 16.38; P < 0.047). On logistic regression analysis, N2 disease, radical 

resection, age and sex did not independently correlate with either survival at 2 years or 

the development of metastases. No significant predictors for the development of a local 

recurrence were identified. Of the three patients with stage 4 disease at presentation

(i.e. radically treated oligometastases), one patient was alive without any disease at 33 

months, while two others died 5 and 32 months following resection, respectively, due to 

brain metastases.

DISCUSSION

The protocol-based staging and treatment described in this study lead to promising results 

when compared to previous reports (Table 5), especially when the inclusion of N2 patients 

is taken into account.2-8 Most deaths and recurrences occurred within the first 2 years after 

the operation (Figure 1), which is in accordance with previous reports.2 This was also our 

rationale to limit this analysis to patients with a minimum follow-up period of 2 years.
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Tumor staging

In contrast to some of the previous studies,2-8 we routinely performed a staging FDG-PET 

scan. Currently, we also perform a second FDG-PET scan after induction therapy in order to 

rule out distant metastasis. The brain is the most common location of disease relapse after 

resection of an SST, but brain imaging had not always been performed in this setting.3,4,6 

Routine brain MRI imaging was added to our protocol in 2007 and 40 out of the 54 described 

patients had a brain MRI scan.

Table 5: Studies evaluating trimodality treatment results
Study n Gy Survival data N2 

included

*Complete 

response

*Local

recurrence

Present 

study

54 45 - 60 52% overall 2-year survival

Median DFS 19 months

Yes 16 5

Kwong 

20056

36 57 Overall median survival 2.6 years Yes 15 5

Marra 

20077

31 45 74% overall 2-year survival

54% overall 5-year survival

Yes 13 1

Rusch 

20072

88 45 44% overall 5-year survival

54% in case of R0 resection

No 54 8

Kunitoh 

20083

76 45 56% overall 5-year survival

45% DFS at 5 years

No 12 9

Pourel 

20088

107 45 55% overall 2-year survival

40% overall 3-year survival

Yes 42 19

Kappers 

20094

22 66 70% overall 2-year survival

37% overall 5-year survival

Yes 14 0

Li 20105 22 45 77% overall 2-year survival

36% overall 5-year survival

Median DFS: 40 months

Yes 10 4

DFS - disease free survival; * absolute number of patients

Induction chemoradiotherapy

In a majority of reports on trimodality treatment of SST, cisplatin-based induction 

chemoradiotherapy was used and etoposide commonly added.2-8 However, dosage, 
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administration schedule and timing in relation to the radiotherapy varied in reported 

studies. Total radiotherapy doses of 45 - 50 Gy are commonly applied, even though higher 

doses of up to 66 Gy have been reported to be reasonably tolerated.4 The latter is confirmed 

by the present study where a dosage of 46 - 60 Gy was applied in the majority of patients (n 

= 52). The variation in induction treatment regimens seen in our study reflects the fact that 

physicians from other referring centers adhered to their own induction protocols. In our 

study, a low rate of treatment complications attributed to either chemo- or radiotherapy 

was seen (Table 2), but such toxicity may be underestimated in this retrospective study.

Prognostic factors

As also reported by others, pathological response is an important prognostic factor, with 

significantly higher survival rates for patients with a complete pathological response or 

those with less than 10% remaining vital tumor.2,3 A failure to see any significant differences 

in survival between patients with a complete response compared with those who had less 

than 10% remaining vital tumor, may be a reflection of the small number of patients with 

<10% remaining vital tumor (n = 9). However, patients with remaining vital tumor were 

at an increased risk for distant metastases, while a complete pathological response was 

confirmed as an independent prognostic factor by logistic regression analysis.

The need to prevent the onset of therapy resistant pain due to invasion of the brachial 

plexus is a strong argument for aggressive surgical treatment of SST, even when N2 disease is 

present. Local disease control was achieved in the majority of patients, with only 5 patients 

(10%) developing a local recurrence.

All our patients with N2 disease had involvement of only a single paratracheal lymph node 

station, and no case of persistent N2 disease was found at resection. Although we found 

no significant differences in survival between patients with and without initial N2 disease, 

the number of such patients studied was low, with only four out of ten patients having 

histological or cytological confirmation of N2 disease before start of the induction therapy. 

The remaining patients had only clinically suspected N2 disease based on FDG-PET and CT 

imaging. We acknowledge that incidence of N2 disease might be overestimated due to 

diagnosis only based on imaging data.

Treatment failure and future perspectives

As reported in other studies as well,2-8 the major challenge for SST patients is the development 

of distant metastasis in 43% of patients. The latter occurs predominantly in the first two 

years after operation, despite the performance of extensive initial staging and re-staging 
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following induction therapy. Approaches to improve survival in these patients include the 

use of prophylactic cranial irradiation (PCI), consolidative chemotherapy after surgery, 

or improvements in systemic therapy by incorporating new chemotherapy regimens for 

induction therapy. 

An interesting point of debate is the need for resection in case of a complete pathological 

response. Currently, it is not possible to reliably predict pathological complete response 

rates preoperatively using current imaging modalities, and conflicting results were found 

when evaluating the ability of FDG-PET to predict pathological response rates.13-16

Nevertheless, we recently started performing an FDG-PET scan after induction because we 

have observed patients who develop distant metastases during induction therapy. In such 

patients we abandon surgical resection due to the poor prognosis. A future analysis will 

evaluate the utility of this repeat FDG-PET scan in reducing the rates of distant metastases 

in operated patients with a SST. 

CONCLUSION

The results of our staging and treatment protocol for SST showed favorable results, with 

low rates of treatment related toxicity, in this subgroup of advanced NSCLC. Pathological 

response and a complete resection are important prognostic factors. In spite of full dose 

induction chemotherapy metastasis remains a major problem.
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