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Chapter 1

INtroDuCtIoN AND outLINe of thIS theSIS

Primary lung cancer was first recognized as a distinct disease in 1761, long before the advent of 

cigarette smoking.1 Although it was a rare disease at the start of the 20th century,2,3,4,5 at the end, 

lung cancer had become one of the leading causes of preventable death.6 Since the 1930s, lung 

cancer rates rapidly increased following the introduction of the manufactured cigarettes.7 Exposure 

to inhaled carcinogens with addictive properties combined with a increasing life span makes lung 

cancer one of the biggest medical challences of the 20th century.8  In 2010, 11.435 people were 

diagnosed with lung cancer in The Netherlands, 6.992 of these patients were male and 4.443 were 

female.9 During the first decade of the 21 century, the number of women who developed lung 

cancer increased from 2.479 to 4.443 (79%).9 This ‘epidemic’ is the result of the growing number of 

females, who started smoking since the 70s.

Prognosis and Clinical evaluation of lung cancer 

Approximately 85% of patients with lung cancer are diagnosed with non-small cell lung cancer 

(NSCLC).10 The overall survival of NSCLC remains poor and has not changed much over the past 

three decades. In the Western world, the 5 years overall survival is nowadays around the 13%.10 This 

is caused by the fact that the vast majority of lung cancer patients are diagnosed in the advanced 

stages. Only 20% of the patients with NSCLC are candidates for surgery at presentation. About one-

third of the patients with NSCLC have stage III disease at presentation.11 Prognosis in NSCLC stage 

III is poor, with a relative survival of 12% in NSCLC stage IIIB and 20% in NSCLC stage IIIA after three 

years.12 Most important prognostic factors are disease stage and performance status.13 Stage III is 

a heterogeneous group of patients, ranging from patients with potentially resectable disease with 

chest wall invasion and hilar lymph node metastases (T3N1) and patients with mediastinal invasion 

of the primary tumour (T4), to patients with unresectable disease due to mediastinal lymph node 

metastases (N2/N3). Defining patients with NSCLC stage III, depends on the spread to regional or 

distant lymph nodes or other metastatic sites. Patients are staged according to the international 

TNM staging system. Before 2009, patients were staged according the 6th TNM-staging system, and 

after 2009 they were staged according the revised 7th TNM staging system (Table 1).14 

The main goal of this thesis is to evaluate (minimal invasive) diagnostic techniques and the results 

of multimodality treatment in NSCLC stage III. Treatment of patients with supraclavicular lymph 

node metastases, invasion of the superior sulcus, brachial plexus or malignant pleural effusion will 

not be discussed.

This thesis is divided into four sections. In the first section (chapter 2-5), the value of (minimal) 

invasive staging and restaging techniques in NSCLC stage III will be addressed. The second (chapter 

6-8) includes clinical studies concerning the role of surgery in the treatment of NSCLC stage IIIA/B 

and its complications. Part three describes the complications of combined modality treatment . 

Section four includes the summary in English and Dutch.
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table 1. The revised 7th TNM staging system (2009)

Descriptor Definition

Tumour

Tx

T0
Tis
T1

T1a
T1b
T2

T2a
T2b
T3

T4

Primary tumour may not be assessed or detected with sputum or bronchial washings and is 
not visualized at imaging
No evidence of primary tumour
Carcinoma in situ
Tumour ≤ 3 cm across its greatest dimension, surrounded by lung or visceral pleura, without 
invasion, and more proximal than the lobar bronchus
Tumour  ≤ 2 cm across its greatest dimension
Tumour > 2 and ≤ 3 cm across its greatest dimension
Tumour > 3 cm and ≤ 7 cm or with any of the following features: involves main bronchus and 
is more than 2 cm distal to the carina; invades visceral pleura; associated with atelectasis or 
obstructive pneumonitis that extends to the hilar region without involvement of the entire 
lung
Tumour > and ≤ 5 cm across its greatest dimension
Tumour > and ≤ 7 cm across its greatest dimension
Tumour > 7 cm or any of the following features: direct invasion of the chest wall (including 
the superior sulcus), diaphragm, phrenic nerve, mediastinal pleura, or parietal pericardium; 
involvement of the main bronchus < 2 cm distal to the carina (without involvement of the 
carina); associated atelectasis or obstructive pneumonitis of the entire lung; or a tumour 
nodule within the same lobe as that of the primary tumour
Tumour of any size with invasion of the mediastinum, heart, great vessels, trachea, recurrent 
laryngeal nerve, esophagus, vertebral body, or carina or separate tumour nodule within an 
ipsilateral lobe

Node

Nx
N0
N1

N 2 
N3

Regional lymph nodes cannot be assessed
No regional lymph node metastasis
Metastasis in ipsilateral peribronchial or ipsilateral hilar and intrapulmonary lymph nodes, 
including direct extension
Metastasis in ipsilateral mediastinal or subcarinal lymph nodes
Metastasis in contralateral mediastinal, contralateral hilar, ipsilateral, contralateral scalene, or 
supraclavicular lymph nodes

Metastasis

Mx
M0
M1
M1a

M1b

Distant metastasis cannot be assessed
No distant metastasis
Distant metastasis
Seperate tumour nodule within a contralateral lobe or tumour with pleural nodules or 
malignant pleural (or pericardial) effusion
Distant metastasis
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(Non) invasive staging of NSCLC

Patients with the suspicion of NSCLC stage III will undergo a work up including the imaging 

modalities addressed in Table 2.15,16 Staging is the critical part of every patient with lung cancer. By 

defining malignant involvement of mediastinal lymph nodes in NSCLC stage III, will be determined 

wether there is surgically resectable disease.17 The guidelines of the American College of Chest 

physicians (ACCP),  recommend a CT-scan of the chest including the upper abdomen with liver and 

adreneal glands. In patients with mediastinal lymph nodes > 1 cm on the short axis and no evidence 

of metastatic disease, further evaluation should be done.18 PET-scan is recommended in stage IA/

IIIB being treated with curative intent to evaluate mediastinal and extrathoracic staging.18 Pet-scan 

can diagnose unsuspected distant disease in 10 to 20 % of the patients.19,20,21,22 ACCP guidelines 

recommend a CT-scan or MRI of the brain in patients without clinical findings of brain metastates, 

because a meta-analyses showed a median prevalence of brain metastases of 3% (range 0-21%).18 

table 2. Tools for non-invasive staging in NSCLC stage III

Non-invasive staging for treatment in NSCLC stage III

-ECOG 0/1, Weight loss<5%

-CT-scan of the chest with contrast including the upper abdomen with liver and adrenal glands and PET-scan

or

-Integrated CT/PET-scan

-CT or MRI of the brain adequate renal, hematologic and hepatic function

-Adequate pulmonary fuction:

--------FEV1 >80% and TLCO>80% for lobectomy

Invasive staging

Because of the toxic treatment -often a combination of chemotherapy with radiation- initial staging 

and restaging in patients with NSCLC is important. When patients are diagnosed with NSCLC, 36% 

of the patients are diagnosed with mediastinal lymph node metastases and 38% with distant 

metastases.23 The strongest predictor for long-term survival is the abcence of mediastinal lymph 

node metastasis.24 Therefore a careful selection of patients through accurate pathological restaging 

is critical, preferably using (minimal) invasive restaging tools such as EUS-FNA, EBUS-TBNA, (re)

mediastinoscopy, VATS or Thoracotomy. 

Several techniques can be used to (re)stage the mediastinum in NSCLC stage III. The 

mediastinoscopy as gold standard is under debate after introducing minimal invasive techniques, 

like endoscopic esophageal ultrasound-guided fine needle aspiration (EUS-FNA) and ultrasound-

guided bronchoscopy with transbronchial needle aspiration (EBUS-TBNA).25,26 These techniques can 
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provide cyto-histological diagnosis and are minimally invasive.25,26  In Chapter 2 we investigated 

the reduction of mediastinoscopies in the staging of NSCLC stage III, introducing oesophageal 

endoscopic ultrasound with fine-needle aspiration (EUS-FNA), to investigate mediastinal lymph 

node metastasis. The same study was conducted with endobronchial endoscopic ultrasound with 

fine needle aspiration (EBUS-TBNA) and the results are presented in Chapter 3.  Chapter 4 provides 

the results of repeat-mediastinoscopy after induction (neo-adjuvant) chemotherapy. Chapter 5 gives 

a summary of non-invasive techniques and (minimal) invasive techniques in staging and restaging 

in patients with NSCLC stage III.

treatment of NSCLC stage III and its complications

The optimal management in patients with stage III NSCLC is still unclear. 30% of all patients have 

locally advanced disease at initial presentation and one-third (10%) has stage IIIA with ipsilateral N2 

lymph node metastases.10 This group  forms the most therapeutically challenging and controversial 

subset of lung cancer patients with a 5-years survival rate of only 23%.10 Standard of care for this 

group of patients is a combination of chemotherapy and radiation, often referred to as combined 

modality treatment.27 The American Society of Clinical Oncology guidelines stated that combined 

modality treatment should exist of two to four cycles of platinum-based chemotherapy and patients 

should receive no less than the biological equivalent of 60 Gy of radiation in 1.8-2 Gy fractions.28 

In The Netherlands, the optimal  treatment for patients with non-small cell lung cancer is surgical 

resection in NSCLC stage I and II, if indicated followed by adjuvant chemotherapy. Patients with 

stage IIIA, IIIB and IV almost never meet the criteria for surgery. Stage IV is treated with conventional 

chemotherapy or targeted therapy.15 The treatment of choice in NSCLC stage III at the moment is 

chemoradiaton.15 The approach showing promise in NSCLC stage III in selected patients, is using 

initial treatment (induction of neo-adjuvant therapie with chemotherapy or chemoradiation) 

followed by surgery.29 Chapter 6 describes the results of weekly docetaxel/carboplatin combined 

with radiation, followed bij surgery in NSCLC stage III in 45 patients. 

In NSCLC stage IIIB, platinum based chemoradiation is only recommended to patients with minimal 

weightloss < 5% en performance status 0/1.30 Surgery can be offered in highly selected patients. 

Either as a single modality or after induction (neoadjuvant) chemotherapy with or without 

radiotherapy.30  We also investigated  the role of surgery after induction treatment in NSCLC stage 

IIIB, these results are  presented in Chapter 7. In Chapter 8 we reviewed published literature with 

a focus on bimodality and trimodality approaches in stage III non-small cell lung cancer. Because 

the role of surgical resection in combined modality treatment is unclear, surgery is addressed as a 

potential part of the treatment approach. 

Lung function is an important prognostic factor in patients with NSCLC who are treated with surgery 

or radiotherapy. Increased mortality after radiotherapy is reported in patients with poor lung 
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function. A reduced pre-operative lung function is associated with major complications in more 

than 15% of the patients after surgery in thoracic patients.31 A low pre-operative diffusing capacity 

(DLco) (< 45%) is associated with an increase in postoperative morbidity and mortality and predicts a 

poor quality of life.32 Several studies have described changes in lung function due to chemotherapy. 

Some authors demonstrated a significant decline in DLco and the CO transfer coefficient (Kco) but 

others could not confirm these findings.33,34,35 In Chapter 9 complications of combined modality are 

discussed with focus on pulmonary function tests. The effect of cisplatinum based chemotherapy 

on pulmonary function after induction treatment is investigated and presented. In Chapter 10 the 

results of the forementioned studies are summarized and future prospects are discussed in English. 

Chapter 11 contains a translation in Dutch. 
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AbStrACt
objective

To calculate the number of cervical mediastinoscopies that do not need to be carried out if 

oesophageal endoscopic ultrasound and fine needle aspiration biopsy (EUS-FNA) are included in 

the staging of patients with non-small cell lung carcinoma (NSCLC).

Design

Retrospective, descriptive.

Method

Patients referred to the St. Antonius Hospital (Nieuwegein, the Netherlands), with NSCLC between 

Januari and December 2003 routinely underwent EUS-FNA during the staging process. If mediastinal 

or distant metastases were found to be present then cervial mediastinoscopy was not carried out 

as the patient was not eligible for operation. If no metastases were demonstrated then cervical 

mediastinoscopy was carried out. The value of EUS-FNA was calculated.

results

A total of 43 patients underwent EUS-FNA: 32 men and 11 women with an average age of 64 

(range: 45-77). Twenty-two (51%) of them did not undergo cervical mediastinoscopy,  as EUS-FNA 

demonstrated  malignant cells in the lymph nodes of the mediastinum or abdomen, in the left 

adrenal gland or in the primary tumour which had grown into the mediastinum. In 2 of the 21 other 

patients malignant cells were found on mediastinoscopy showing the EUS-FNA results in 2 of 43 

patients (5%) to be false-negative. No complications occurred.

Conclusion

Based on the findings from EUS-FNA, cervical mediastinoscopy was not performed amongst 51% of 

the patients.
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INtroDuCtIoN

Non-small cell lung cancer (NSCLC) is one of the most common malignancies in the world. At the 

time of diagnosis, lung cancer is often locally or systemically advanced. Thirty-six per cent of the 

patients will have mediastinal lymph node metastases and 38% distant metastases.1 Accurate 

staging in NSCLC is important because the disease stage determines the resectability and prognosis. 

In case distant metastases appear, further analysis will focus on possible involvement of mediastinal 

lymph nodes. When ipsilateral or contralateral mediastinal lymph node metastases are confirmed, 

then primary surgical treatment in most patients is impossible.

Computed tomography (CT) is recommended  for the visualization of the potential  mediastinal 

lymph node metastases. In addition, the size of the mediastinal lymph nodes is the only criterion 

that can be used to distinguish benign from malignant lymph nodes.2 Lymph nodes greater than 1 

cm are considered as potentially malignant, the positive predictive value of this finding is only 56%.3 

Metastatic disease is also found in mediastinal lymph nodes smaller than 1 cm.4

A second method for the visualization of involvement of mediastinal lymph nodes in NSCLC is positron 

emission tomography (PET), using a 18F-fluorodeoxy-glucose (18FDG-).  Uptake in mediastinum 

is an indication of the presence of mediastinal lymph node metastases.4,5 18FDG-PET is a more 

accurate method than CT for the detection of mediastinal lymph node metastases. On CT-scan, the 

accuracy depends on the presence or absence of enlarged mediastinal lymph nodes.6 Confirmation 

of mediastinal lymph node mestases by cytological of histological examination, is necessary. 

The gold standard for obtaining potentially affected lymph nodes for cytological or histological 

examination is cervical mediastinoscopy. This research, performed under general anesthesia, 

involves certain risks. The mortality is admittedly low (0.08%), but the complications (morbidity: 

2.5%) can at times take a severe course.7 Complications that can occur are hoarseness by paresis of 

the recurrent laryngeal nerve, hemorrhage, pneumothorax, pneumonia, injury of the vena azygos, 

esophageal perforation, and mediastinitis.

With cervical mediastinoscopy, the aortic pulmonary window can not be reached. When involvement 

of lymph node Narucke 5 is suspected, mediastinotomy anterior, ‘video-assisted thoracoscopic 

surgery’ (VATS), or direct assessment of the aortic pulmonary window during thoracotomy need to 

be considered. All the previously mentioned procedures are invasive risk-evolving stagings methods 

performed under general anesthesia, that requires hospitalization.
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A newer and less invasive method for obtaining cytological material of mediastinal lymph nodes 

is the endo-oesophageal ultrasound with fine-needle aspiration biopsy ( EUS-FNA). EUS-FNA has 

proven to be a highly accurate and safe technique for sampling of mediasinal lymph nodes for 

cytological examination (Figure 1 and 2). With EUS-FNA  allmost all mediastinal lymph nodes can be 

reached except the  pretracheal located lymph nodes.

figure 1. Biopsy from mediastinal lymph node through endoscopic ultrasound with fine needle aspiration.

figure 2. Cytological punctate from a subcarinal lymph node (N7) with malignant cells matching non-small cell 
lung cancer (Giemsa-staining, magnified 350 times).
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At the St. Antonius Hospital, Nieuwegein, the involvement of mediastinal lymph nodes were 

analysed by means of CT, PET and cervical mediastinoscopy. Since January 1, 2003, EUS-FNA has been 

routinely performed. It is plausible that the EUS-FNA can reduce the number of mediastinoscopies. 

Because the EUS-FNA  is a significantly less invasive and risky method for patients, we investigated 

retrospectively in how many patients cervical mediastinoscopy can be avoided using EUS-FNA to 

stage patients suspected of NSCLC.

MethoDS

In this retrospective study , from January 1 to December 31, 2003, data were collected from patients 

visiting our outpatient clinic, whom where thought to have lung cancer. Patients were eliglibe for 

inclusion if they were staged by using EUS-FNA, exploring the mediastinum. Of these patients, the 

clinical data were retrieved from the patient records.

Records for all patients undergoing EUS-FNA were reviewed and abstracted for history, physical 

examination, laboratory tests (sedimentation, hemoglobin, leukocytes, platelets, electrolytes 

including calcium and kidney function, liver function, and albumin), CT of the thorax and upper 

abdomen, PET and bronchoscopy. Research on the presence of distant metastases consisted of PET 

scan or bone scintigraphy (if indicated), and CT-cerebrum (if indicated). Complications such as fever 

(infection), hemorrhage or HB-drop were registered.

Each patient underwent EUS-FNA, meeting the following criteria: no distant metastases, no 

known esophageal stenosis, no serious hemorrhagic diathesis, no mediastinal metastases from 

extrathoracic primary tumours, and cardiorespiratory sufficiently fit to any thoracic surgery. The 

EUS-FNA was performed by a gastroenterologist hepatologist using a linear array echoendoscope 

(Pentax, Breda) and a Hitachi processor (Hitachi, Reewijk). For the cytological puncture  21-Gauge-

needles were used (EUS-3-needles, Cook Netherlands, Son). The cytological material was smeared 

onto dry slide. Three aspirates per suspicious station were collected. There was no cytologist or 

cytology technician present during the procedure. The EUS took place on an outpatient basis. 

During the procedure, the patient was sedated with midazolam and pethidine. After introduction of 

the echo-endoscope, the scope first entered the stomach from the left hepatic lobe and a portion 

of the right liver lobe was inspected. Subsequently the left adrenal gland was inspected. Once the 

echo-endoscope was retracted into the distal esophagus, the mediastinal lymph node stations were 

inspected during the next routine: first mediastinal node stations N8 (paraoesofageaal), station N7 

(subcarinaal), station N4 left, Station N5 (in the aortic pulmonary window), station N2 left. Finally, 

when possible, paratracheal lymph nodes N2 right and N4 right  (Figure 3) were evaluated.8
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figure 3. Lymph node stations according to Narucke (N) for staging lung cancer. Frontview (A), right side view 
(B), left side view (C) 
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If during EUS-FNA no mediastinal nodal or distant metastases were demonstrated, then cervical 

mediastinoscopy was performed. It was attempted to obtain material from the mediastinal node 

stations 2 right, 2 left, 4 right, 4 left, 3 pretracheaal and station 7 subcarinaal.

The EUS-FNA was considered ‘(tumour) positive’, when cytology showed malignant cells. The 

procedure was considered ‘(tumour) negative’ when lymph nodes were found without malignant 

cells or if no representative material was found in the puncture material.

Records were reviewed for complications which had occured in the post EUS FNA period. These 

involved Fever, bleeding and/or HB-drop

reSuLtS

Between January 1, and January 31, 2003, 246 patients were referred to our clinic. Of these, 43 

met the criteria for EUS-FNA. Patient characteristics are listed in Table 1. Amongst the remaining 

203 patients it was clear at the time of diagnosis, that they were not eligible for surgery because of 

distant metastases or a poor condition. Therefore staging of the mediastinum was irrelevant.

table 1. Characteristics of 43 patients with evidence of non-small cell lung cancer, in whom endo-esophageal 
ultrasound with fine needle aspiration biopsy (EUS-FNA) was performed.

Characteristic n (%)

Male/female 32 (74)/ 11 (26)

Mean age, years 64 (45-77)

Tumour localisation

   Left

       Left upper lobe 17 (39)

       Hilair left  5 (12)

       Left lower lobe  6 (14)

   Right

       Main bronchus 2 (5)

       Right upper lobe 8 (19)

       Middle lobe 1 (2)

       Right Lower and middle lobe 1 (2)

       Right lower lobe 3 (7)

All 43 patients underwent EUS-FNA. Table 2 shows how often specific locations were aspirated and 

the number of positive cytological findings. In 22 of the 43 patients (51%), showed the EUS-FNA 

malignant cells in one or more of mediastinal lymph nodes,  in the left adrenal gland or abdominal 

lymph node(s) (Table 3).
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Mediastinal sampling was negative in 21 patients (49%). This group proceded for cervical 

mediastinoscopy (Table 3), which was performed in 18 cases. The other 3 patients showed a 

peripheral tumour without mediastinal FDG-uptake on the PET-scan. Two out of 18 patients showed 

malignant mediastinal lymph nodes at N7 (subcarinaal) by cervical mediastinoscopy, since the EUS-

table 2. Localisation of lymph nodes according to Narucke, in which lung cancer was confirmed, using 
esophageal ultrasound with fine needle aspiration biopsy (EUS-FNA), in 43 patients.

Localisation Number of patients

total
(n = 43)

Cytological investigation 
showed cancer (n = 22)

Lymph node: number and site8

2L, high paratracheal  3 1

4L, low paratracheal 8 3

5, aortic pulmonary window 26 9

7, subcarinal 36 13

6, para-aortic 2 1

8, para-esophageal 5 1

left adrenal gland 4 1

Invasion of primary tumour in mediastinum 6 5

Abdominal lymph nodes 2 1

table 3. Findings in 43 patients with evidence of non-small cell lung cancer, in whom esophageal ultrasound 
with fine needle aspiration biopsy (EUS-FNA) was performed, compared to the outcome of the mediastinoscopy 

EUS-FNA Mediastinoscopy

Not performed Performed Total

Negative Positive

negative 3* 16 2** 21

positive 19 0 3*** 22****

Total 22 16 5 43

Negative: no malignant cells were found on cytological examination
Positive:  malignant cells were found on cytological examination
* Mediastinoscopy was not performed because the PET scan showed a peripheral lung tumour without 
18F-fluorodeoxyglucose uptake in the mediastinal lymph nodes.
** The results of EUS-FNA was false negative in 2/43% (5%) patients.
*** In 3 patients with a left-sided tumour, a mediastinoscopy was performed despite of positive EUS-FNA 
results, get more information about the contralateral mediastinum.
**** Mediastinoscopy could be omitted due to abnormal EUS-FNA findings in 22/43 (51%) patients   
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FNA aspirates showed representative lymph node material. A false negative result was seen in 5% 

(2/43) of the patients.

There were no procedure-related deaths or complications related to the EUS-FNA.

CoMMeNt

In 51% of the patients mediastinoscopy could be omitted by routinely performing EUS-FNA in 

patients suspected of lung cancer. Comparable results were seen in two previous studies, in which 

in 62% and 68% of patients cervical mediastinoscopy could be avoided.9,10

EUS-FNA is an accurate staging modality in NSCLC, with a sensitivity of 92% and a specificity of 100%.11  

After using EUS-FNA on a group of 69 patients with no evidence of mediastinal lymphadenopathy 

on CT, it became clear that 14 of these patients (20%) did indeed have mediastinal lymph node 

metastases.12 Another study showed that in the setting of PET-positive lymph nodes in patients, 

suspected of lung cancer, EUS-FNA confirmed lymph node metastatses in 69% of the patients.13 

EUS-FNA is relatively risk free. The most commonly reported complications include infection or 

mediastinitis and bleeding.7 In our study, no complications were observed in 43 patients.

The sensitivity of EUS-FNA is even greater than that of the mediastinoscopy.14 However, EUS-FNA 

can not replace the cervical mediastinoscopy completely. One reason for this is that in both studies 

different mediastinal lymph nodes are examined. At the cervical mediastinoscopy, this concerns 

node stations 2L, 2R, 4L, 4R and 7 (anterior part). In the EUS-FNA reachable node stations are 2L, 

4L, 5, 7 (posterior part), 8, and 9. The right-sided paratracheal node stations (2R and 4R) are difficult 

to achieve by EUS-FNA because  of interposition of air into the trachea between the ultrasound 

probe in the esophagus and the right-sided paratracheal node stations. The difference between 

both techniques in our study is clear in the 2 patients with negative EUS-FNA. Using EUS-FNA , the 

posterior part of the lymph node was sampled, while during cervical mediastinoscopy the anterior 

portion was biopsied. 

In case of a negative EUS-FNA, further surgical staging of the mediastinum is mandatory, because  

in 11% of the cases, mediastinal lymph node metastases are observed in lymph nodes smaller than 

1 cm.15

One advantage of EUS-FNA compared with mediastinoscopy is the ability to investigate N5 in the 

aortopulmonary window. This is especially important in tumour localization in the left lung. A 

second advantage is the possibility to confirm distant metastasis in abdominal lymph nodes, the 

left liver lobe and the left adrenal gland by cytological examination. In our study, these areas were 



28

Chapter 2

screened in each patient during the EUS procedure. Four patients showed an abnormal aspect of 

the left adrenal gland. These patients subsequently underwent fine needle aspiration of the left 

adrenal gland, and cytological examination confirmed an adrenal metastasis in one patient. In the 

remaining 3 patients, representative material (i.e. with adrenal cells) was obtained. The PET-scan did 

not show FDG-uptake in the adrenal glands. In 2 patients, cytological material of abdominal lymph 

nodes were collected for examination, one of them showed abdominal lymph node metastases. A 

third advantage of implementing the EUS-FNA in the staging in NSCLC is cost savings. This strategy 

reduces the cost by 40% compared with no staging with EUS-FNA.9

An alternative to reach mediastinal lymph node N7 and possibly paratracheal lymph node stations 

is transbronchial needle aspiration (TBNA).16 The yield of TBNA is superior in the subcarinal lymph 

nodes while the gainings from the left-sided paratracheal lymph nodes are  significantly lower than 

those from the right-paratracheal lymph nodes.17 This can be explained by the presence of great 

vessels on the left of the trachea. TBNA is significantly cheaper than research EUS-FNA, but only a 

limited number of lymph node locations are reachable. More lymph nodes will be reached in the 

future with endobronchial ultrasound.18 

The national guideline “Non-small cell lung cancer: staging and treatment ‘, drawn up on the initiative 

of the Association of Comprehensive Cancer Centres and the Dutch Association of Physicians for 

Lung Diseases and Tuberculosis, mentions that EUS-FNA is a promising technique. EUS-FNA can 

be introduced in the analysis of PET-positive mediastinal lymph nodes, mediastinal restaging after 

chemotherapy and assessment of invasion of the primary tumour in the mediastinum.19

CoNCLuSIoN

In our study, in 51% of the patients, cervival mediastinoscopy could be omitted because EUS-FNA 

showed mediastinal lymph node metastases in the mediastinum or distant metastases. In the staging 

of NSCLC, it is usefull to perform EUS-FNA routinely before performing a (cervical) mediastinoscopy. 

This strategy reduces the burden on the patient, and lowers risks as well as costs.
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AbStrACt
objectives

To determine the diagnostic yield of endobronchial ultrasound with transbronchial needle aspiration 

(EBUS-TBNA) and calculate the reduction in number or mediastinoscopies that can be achieved 

when this technique is used as initial modality for invasive mediastinal staging in lung cancer.

Study type

Retrospective cohort study.

Methods

At the St. Antonius Hospital (Nieuwegein, The Netherlands), results from all patients who had 

undergone EBUS-TBNA for mediastinal staging in lung cancer between September 2008 and 

January 2011, were collected and analysed. If metastases in the mediastinal lymph nodes had been 

demonstrated by EBUS-TBNA, no indication for additional mediastinoscopy ensued. The diagnostic 

yield of EBUS-TBNA as well as the number of mediastinoscopies that had been avoided were 

calculated.

results

EBUS-TBNA was performed on 77 patients for mediastinal staging in lung cancer. In 39 of 77 patients 

(51%) mediastinal lymph node metastases were found with EBUS-TBNA and mediastinoscopy 

could be avoided. In 9 of 38 patients (24%) with benign or not representative cytology on EBUS-

TBNA, mediastinal lymph node metastases were diagnosed using mediastinoscopy or endoscopic 

ultrasound with fine needle aspiration (EUS-FNA). In 13 of 38 patients, no cytologic or histologic 

confirmation procedure took place. Diagnostic yield was calculated for the two extreme scenarios. 

Sensitivity and negative predictive value were 64-81% and 42-76% respectively.

Conclusion

In more than 50% of lung cancer patients with suspected mediastinal lymph node metastases, 

cervical mediastinoscopy can be avoided, when EBUS-TBNA is used. Therefore, this should be the 

technique of choice for invasive staging of the mediastinum in lung cancer. Nevertheless it can not 

fully replace mediastinoscopy.  
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INtroDuCtIoN

Lung cancer is one of the most common malignancies in the world and has a high mortality rate.  At 

the time of initial diagnosis, locoregional metastases are present in 22% and distant metastases in 

55% of cases.1 An accurate staging of the disease is decisive for further treatment and prognosis by 

using integrated imaging with 18-fluorodeoxyglucose positron emission tomography and computed 

tomography scan (scan 18FDG-PET/CT).2-4 In case no metastases outside the thorax or in the 

contralateral lung can be found, the treatment is potentially curative. The choice of treatment is 

determined by the histology of the primary tumour and the presence or absence of mediastinal 

lymph node metastases. The anatomy of the mediastinal lymph node stations is showed in Figure 

3, chapter 2 (page 26) of this thesis, published in the Nederlands tijdschrift voor Geneeskunde 

(NTVG), 2006.5 In non-small cell lung cancer (NSCLC) without evidence of mediastinal lymph node 

metastases or metastases outside the thorax, the treatment is preferably surgical resection.6

Diagnostics and treatment in lung cancer

In case of NSCLC stage III, the treatment of choice is a combination of chemotherapy and radiotherapy.7 

Small-cell lung carcinoma (SCLC), however, has a different biological behaviour. Unfortunately, 

metastases, locoregional and /or remotely are present in most patients at the time of diagnosis. 

The preferred treatment consists of chemotherapy, optionally in combination with radiotherapy 

and thoracic prophylactic or therapeutic cranial irradiation.7,8 Only in very rare occasions, surgical 

resection is optional.7,8 Accurate TNM staging in SCLC provides a better estimation of prognosis.9 

18FDG-PET/CT scan is not infallible in detecting mediastinal lymph node metastases.10,11 Therefore it 

is important to confirm suspected lymph nodes on 18FDG-PET/CT-scan by cytological or histological 

examination. Untill recently cervical mediastinoscopy was the treatment of choice. Mediastinoscopy 

has a diagnostic accuracy of 80%, partly because not all relevant mediastinal lymph node stations 

can be reached.12,13 Furthermore, it is an invasive procedure performed under general anesthesia 

with a small, but not negligible, risk of complicaties.14 Over the last years, endobronchial 

ultrasound with transbronchial needle aspiration (EBUS-TBNA) is used in more and more centres 

for mediastinal staging in lung cancer (Figure 1 and 2). EBUS-TBNA can also be used when other 

etiology of mediastinal lymphadenopathy is thought as metastases of extra-thoracic malignancies, 

sacoïdose, tuberculosis or malignant lymfoma.15-17 A high sensitivity and specificity are described. 

It does not require general anesthesia and the complication risk is extremely low.18,19 In addition to 

the mediastinal lymph nodes, the hilar lymph node stations can be sampled by EBUS-TBNA.20 By 

using EBUS-TBNA in the initial staging  of NSCLC, the number of unnecessary thoracotomies can be 

reduced.20 Finally, previous studies have shown that the use of EBUS-TBNA for mediastinal staging 

in lung cancer leads to a reduction of costs.21 In the recent Directive (2011); “Non-Small Cell Lung 

Carcinoma of the Dutch Association of Doctors for Pulmonary Diseases and Tuberculosis, EBUS-

TBNA is the first step of (non)invasive staging of mediastinum.8
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figure 1. Endo-echo graphic image of a puncture using endobronchial ultrasound with transbronchial needle 
aspiration (EBUS-TBNA) in a mediastinal lymph node (level N4 right)

 

figure 2. Cytological punctate of a paratracheal lymph node obtained with EBUS-TBNA. There is a cluster of 
malignant cells matching non-small-cell carcinoma visible. Some nuclei are large with prominent nucleoli and 
chromatin (PAP staining, 630 magnification)
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A retrospective single-centre study was performed to determine the diagnostic yield of 

endobronchial ultrasonography with transbronchial needle aspiration.  In order to calculate the 

reduction of mediastinoscopies, EBUS-TBNA was used as initial invasive staging modality of the 

mediastinal lymph nodes in lung cancer patients. 

MethoDS

Between September 2008 and January 2011, all patients with potentially primary lung carcinoma 

(both NSCLC and SCLC), whom underwent mediastinal staging by EBUS-TBNA, were enrolled in this 

retrospective study.

All patients were analysed according to the current guidelines for diagnosis in small cell and 

non-small cell lung carcinoma. They were eligible for staging of the mediastinum by EBUS-TBNA 

if the following conditions were met: 1) no evidence of distant metastases, 2) at 18FDG-PET/CT 

scan evidence or mediastinal lymph node metastases or a paramediastinal located FDG- avide 

primary tumour accessible by EBUS-TBNA. 3) no stage determining mediastinal lymph node 

metastases diagnosed by blind transbronchial needle aspiration during conventional bronchoscopy. 

4) no evidence of serious hemorrhagic diathesis, 5) patients fit to undergo a surgical resection or 

combined chemoradiotherapy.  If the suspected lymph node stations were more approachable by 

endoscopic ultrasonography with fine-needle aspiration (EUS-FNA),  this was performed.

Patients who underwent EBUS-TBNA were recorded in the endoscopy department. Demographic 

data were collected from patients files of these patients. The following data were collected: 1) 

indication for EBUS-TBNA,2)  diagnosis of the primary tumour, 3) localization of enlarged lymph 

nodes on CT scan and 18FDG-avide lymph node stations in 18FDG-PET scan, 4) location and size 

of punctured lymph node station. Cytological results of punctures of suspected lymph nodes and 

histological results of any surgical biopsies were collected. These data were incorporated into a 

database and analyzed using Statistics SPSS 17.0 (IBM, Armonk, New York, United States).

Prior to the introduction of EBUS-TBNA in our clinic, all endoscopists, concerned an extensive training 

at an internationally recognized centre of expertise for this technique. The procedure was performed 

using an Olympus BF UC 180-F flexible videobronchoscope with integrated linear ultrasound probe 

(Olympus Netherlands BV, Leiden), with an Aloka SSD-alpha-5 processor (Biomedic Netherlands BV, 

Almere). The flexible bronchoscope was successively inserted beyond the left and right hilus. After 

that, the bronchoscope was withdrawn and all lymph node stations were systematically reviewed. 

Each lymph node station, that was suspicious with conventional imaging or endo-sonographic 

assessment, was punctured three times. The punctures were performed with a 13 gauge needle 

(Olympus MAJ 1414, Olympus Netherlands BV, Leiden). The resulting material was applied on the 
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spot onto dry microscope glass slides. There was no on-site evaluation of the cytological punctions. 

Further processing of the cytological punctions with staining, according to Giemsa and Papanicolaou, 

was carried out in the laboratory of pathology. immunocytology and possible molecular diagnostics 

were performed on the smears. Cellblock analysis was not performed.

A puncture was considered representative, if at PA-examination of the material, obtained lymphoid 

cells or malignant cells, consistent with a metastasis from a primary lung cancer were detected. 

If the preparation showed malignant cells matching metastasis of lung carcinoma, non-small cell 

lung cancer stage III was confirmed. If normal lymphoid tissue or non-representative material was 

found with EBUS-FNA, there was an indication for using cervical mediastinoscopy to obtain material 

for histological, immunohistochemical and molecular biological research. If in this study benign 

lymphoid tissue was identified, there was a real negative result. If a metastasis of lung cancer was 

found, there was a false-negative finding by EBUS-TBNA.

Unfortunately, among a significant number of patients studied, there was an absence of histological 

data. Therefore the diagnostic yield was calculated for two scenarios. In one scenario, it was 

assumed that all these patients had no mediastinal lymph node metastases. In the other, it was 

assumed that all these patients had mediastinal lymph node metastases.

reSuLtS

Between September 2008 and January 2011, in 77 patients, EBUS-TBNA was performed to 

determine the mediastinal lymph node stage in lung cancer. The patient characteristics are shown 

in Table 1. Table 2 shows how often the individual lymph node stations were punctured. The average 

per patient was 1.5 (SD ± 0.62) punctured mediastinal lymph node stations. The median lymph node 

size of the dotted lymph nodes was 14.0 millimeters (inter quartile extremes (IQR): 11.0 to 18.7 

millimeters). 8 out of the 77 patients (10%) showed bulky mediastinal lymph node metastases (> 25 

mm). Three of them, were diagnosed with SCLC.

In 66 of the 77 patients (86%), representative material was obtained with EBUS-TBNA. In 39 of 77 

patients (51%), mediastinal lymph node metastases were confirmed bij using EBUS-FNA resulting 

in definitive staging. For these patients there was no indication for additional mediastinoscopy. The 

results of the PA-examination are given in Figure 3.

Twenty-seven out of 77 of the patients (35%) showed a benign cytological examination result. In 

22 of these 27 patients (81%) a mediastinoscopy was further carried out to obtain material for 

histological examination. Six  of them (22%) showed  mediastinal lymph node metastases. In 5 of 

these 27 patients (19%), no further examination of the mediastinum was performed or the required 

information was not obtained (Table 3).
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table 1. Patients characteristics of 77 patients who underwent a EBUS-TBNA

Characteristics n

Male

Mean age

Location primary tumour

Right

Upper lobe

Middle lobe

Lower lobe

Hilar region

Left

Upper lobe

Lower lobe

Mediastinal

Histology primary tumour

Squamous cell carcinoma

Adenocarconoma

Large cell carcinoma

Small cell carcinoma

Carcinoid

Hamartoma

Unknown

47

62,1 (39-81)

34

2

9

1

19

8

4

2

23

17

10

1

1

3

table 2. Number of lymph nodes according to Narucke, punctured by using EBUS-TBNA and its cytology

Level according to Narucke Number of punctions

total Malignancy at cytology

Narucke 2 right

Narucke 2 left

Narucke 4 right

Narucke 4 left

Narucke 5

Narucke 7

Total

6

0

47

6

2

39

100

2

0

28

1

1

12

44

In 11 of the 77 patients studied (14%), no representative lymph node material was obtained. Three 

of these 11 patients (27%) underwent additional tests using mediastinoscopy or EUS-FNA. In all 

three patients mediastinal lymph node metastases were demonstrated. In 8 out of 11 patients (73%) 

no additional tests of the mediastinum were performed or the required data were not obtained 

(Table 3).
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In case patients did not undergo confirmation testing after EBUS-TBNA, the diagnostic yield was 

calculated for the two extreme scenario’s. If none of the patients without conformational testing 

were diagnosed with lymph node metastases, i.e. they were all true negative. The calculated 

sensitivity of EBUS-TBNA for the detection of mediastinal lymph node metastases in this study is 

81% (95% CI 67-91%) and the negative predictive value 76% (95% CI 59-88%). If all of these patients 

had mediastinal lymph node metastases, i.e. they were all false negative. The calculated sensitivity 

was 64% (95% CI 51-76%) and negative predictive value 42% (95% CI 27-59%).

DISCuSSIoN

In our study, in 51% of patients with lung cancer, mediastinal lymph node metastases could be 

determined by EBUS-TBNA. This is consistent with previously published results, with a result of 

respectivity 43% and 46%.20,22 These patients were saved from a mediastinoscopy for mediastinal 

lymph node staging with all the previous mentioned risks. It is noteworthy that this rate corresponds 

exactly with the previously described study in this journal by Van Beek et al., which described the 

reduction in the number of cervical mediastinoscopies when EUS-FNA was used in the staging of 

NSCLC.5

A remarkable finding in this study is the low number of left-sided punctures. This may be due to 

patient selection. The left-sided mediastinal lymph node stations, when using EBUS-TBNA may 

be difficult to reach and better reachable by means of EUS-FNA or surgical technique. Indeed, 14 

patients  with suspected left-sided localised mediastinal lymph node metastases of lung cancer 

underwent a primary EUS-FNA, to perform mediastinal staging during the study period. In addition, 

if it was not possible to puncture lymph node station Naruke 4 left  and it was possible to address 

table 3. Reasons to refrain from mediastinoscopy in patients with suspected lung cancer and benign cells at 
cytology or unrepresentative material after EBUS-TBNA. And other reasons why data are missing.

N Reason

2

3

1

1

2

1

1

1

1

Histologically confirmed metastasis from primary lung cancer outside of the thorax

Mediastinoscopy too risky because of clinical condition of the patient or prior mediastinoscopy

Primary tumour proved to be a carcinoid, negative findings by EBUS-FNA

Primary tumour proved to be a hamartoma

Mediastinal lymph node metastases confirmed by EUS-FNA or conventional TBNA

Recurrence of lung cancer diagnosed by using bronchoscopy

Spontaneus decrease of the mediastinal lymph node, lung cancer seems to be unlikely

Reason to abandon invasive staging not mentioned in patient file

Lost to follow up
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Naruke 7, this resulted in left-sided lung tumours in the same TNM classification, with the same 

prognosis, and in many cases the same treatment. 

This research is a retrospective study and therefore has its limitations. Unfortunately, in 13 of the 

77 patients (17%), no histological confirmation was obtained from benign or non-representative 

cytological results. This makes it difficult to determine the exact sensitivity and negative predictive 

value. By calculating both; the most favourable as the worst case scenario, we tried to give an 

indication of the range in which these values were located. For both scenarios, the sensitivity and 

negative predictive value of EBUS-TBNA that was found in our study, was lower than stated in 

previous studies.18,23,24 This may be due to the relatively small average  number of nodes that were 

punctured. Another possible explanation is an effect of the learning curve which is associated with 

the introduction of EBUS-TBNA. There are indications that the diagnostic yield still increases after  

50 procedures, performed by the same docter.25,26

In the current methodology, the specificity and positive predictive value can not be determined, 

since positive cytological findings were not confirmed by histological examination. However, it is 

known that false-positive findings rarely occur.27 The specificity and positive predictive value of this 

study will probably be high. According to our results, EBUS-TBNA can not completely replace the 

mediastinoscopy. Negative cytological findings will always need to be confirmed by histological 

examination. Both investigations should therefore be regarded as complementary. Therefore are 

minimal invasive techniques as EBUS-TBNA and / or EUS-FNA the first step.  This is also recommended 

in the national guideline Non-Small Cell Lung Carcinoma in 2011.8 In case  it is nessecary  to use both 

techniques, the probability of an adequate determination of the TNM stage will  increase. This will 

allow optimal treatment of these patients.

The results of this study can not simply be extrapolated to other possible indications for EBUS-

TBNA as mediastinal lymphadenopathy in sarcoidosis, metastases of extra-thoracic malignancies or 

malignant lymphoma. In particular, in this last indication, there is often a need for histological instead 

of cytological material  for adequate immunohistochemical and/or molecular biological diagnostics. 

However, there are new developed techniques to take histological biopsies from mediastinal lymph 

nodes by using EBUS-FNA.28 This allows the indication for the use of the EBUS-technique to be 

extended further. We therefore think that it is important that specialists and residents of other 

medical departments are aware of the possibilities of this technique. This could benefit patient care 

in the future.
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Despite these limitations, we believe that this study shows an interesting insight into the role 

of EBUS-TBNA in daily practice in the staging of lung carcinomas, although we recognize that a 

prospective study would provide more reliable data.

CoNCLuSIoN

In 51% of patients with lung cancer, mediastinoscopy could be avoided after performing EBUS-TBNA 

to confirm mediastinal lymph node metastases. In this study the diagnostic yield of EBUS-TBNA 

proved to be insufficient for this technique to be able to fully replace cercival mediastinoscopy 

for invasive staging of the mediastinum in lung cancer patients. Negative cytologic results need to 

be confirmed by histologic testing. Both techniques should therefore be seen as complimentary 

but EBUS-TBNA is the procedure of first choice. These results support the recommendations with 

regard to staging of the mediastinum in the recently published National Guideline Non-Small Cell 

Lung Cancer. 
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Letter to the eDItor

With great interest, we read the article; “Remediastinoscopy after neoadjuvant therapy for non-

small cell lung cancer, by Van Schil et al., which appeared in the issue of Lung Cancer”, September 

2002.1 The authors concluded that repeat mediastinoscopy was technically feasible and provides 

valuable pathological information in order to judge mediastinal lymph node (MLN) response after 

neoadjuvant chemotherapy (NCT). So repeat mediastinoscopy could be usefull to select patients for 

surgical resection after NCT, avoiding unnecessary thoracotomies. In the study by Van Schil, biopsies 

were taken from MLN that initially showed metastasis during the first cervical mediastinoscopy. 

Repeat mediastinoscopy proved to be positive in 11 patients (40.7%) and negative in 16 patients 

(59.3%).  Four out of 27 repeat mediastinoscopies (4/27=6,7%) proved to be false negative 

(sensitivity=73%, specificity=100%, accuracy=85%).1 

From January 1997 until September 1999 we performed repeat mediastinoscopy after NCT 

in 15 patients with stage IIIB non-small cell lung cancer without complications.2 Inadequate repeat 

mediastinoscopy was performed in six patients (40%). In these patients it was not possible to obtain 

biopsies from all MLN levels (Naruke numbers: 2 right and left, 4 right and left and 7) due to fibrosis 

and/or adhesions.2 Of all patients staged with an adequate repeat mediastinoscopy (n=9), two had 

still positive MLN. In two patients (2/15=7,5%), repeat mediastinoscopy proved to be false negative 

at thoracotomy.2 

Comparable figures were also reported by Pauwels et al.,3 and Mateu-Navarro et al.4

Although our study showed similair results as Van Schil et al., we concluded that repeat 

mediastinoscopy after NCT was not the most effective restaging tool. 

These conclusions are supported by the following arguments.

Van Schil performed his retrospective analysis between November 1994 and July 2001. During 

this period of 80 months, 81 patients had shown MLN metastases during cervical mediastinoscopy. 

However only 27 (33.3%) patients underwent repeat mediastinoscopy. This relative long period of 

inclusion could have led to a bias in patient’s selection.  

Repeat mediastinoscopy proved to be a complicated procedure because of fibrous adhesions 

and scar tissue.1,2 Sometimes, not all MLN levels could be reached (Naruke numbers: 2 right and 

left, 4 right and left and 7).2 Therefore Van Schil performed a repeat mediastinoscopy only on 

the MLN that were initially involved by tumour.1 Within this method there is a risk that the first 

mediastinoscopy is incomplete (sample error) and that micrometastasis were missed.   

Theoretically it is also possible, that although the tumour showed radiological response, new 

MLN metastases developed during NCT due to chemoresistent cell lines of the tumour. Performing 

biopsies during repeat mediastinoscopy only on the initially involved MLN could cause understaging 

of the mediastinum after NCT.
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To our opinion, results of repeat mediastinoscopy are disappointing. Repeat mediastinoscopy 

appears to be a not-so-effective restaging tool because of the high number of incomplete procedures 

and because it yields false negative results.  Trials concerning other staging tools after NCT, like 

Positron Emission Tomography-scanning are warranted.  
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AbStrACt 
Purpose of review

Patients with NSCLC should be staged with great care and accuracy because the treatment options 

and prognosis differ significantly by stage. With the introduction of minimally invasive staging 

by using transoesophageal endoscopic ultrasound with fine needle-aspiration (EUS-FNA) and 

endobronchial ultrasound with transbronchial needle aspiration (EBUS-TBNA), the role of surgical 

mediastinal staging is redefined. This review will discuss the role of EUS-FNA and EBUS-TBNA in 

staging and restaging in NSCLC stage III. 

Recent findings

Staging by imaging it not reliable. TBNA, EBUS-FNA and EUS-FNA or combination of these minimally 

invasive techniques can provide a cyto-histological diagnosis. Because their specificity is high, in 

case their negative predictive value is low, they are complementary to surgical invasive techniques 

in primary staging. Restaging by imaging is highly unreliable with high false negative rates for the CT-

scan (31%) and the PET-scan (25%). Also the remediastinoscopy shows a false negative rate of more 

than 20%. EUS and EBUS may perform slightly better, but data are limited. Primary mediastinoscopy 

seems the most reliable tool in restaging. If minimal invasive staging techniques such as EUS-

FNA and EBUS-TBNA or combination of both, are used for up-front mediastinal staging, first time 

mediastinoscopy can be preferably used for restaging.

Summary

EBUS-TBNA and EUS-FNA or a combination of both can be used in initial staging and restaging in 

NSCLC stage III. In case of negative results and a high suspicion on lymph node metastases, surgical 

(re)staging is indicated. By using minimal invasive techniques such as EUS-FNA and EBUS-TBNA in 

initial staging, first time mediastinoscopy can be preferably used for restaging.
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INtroDuCtIoN

More than 50% of patients with non-small cell lung cancer (NSCLC) are diagnosed in advanced-

stage disease and are not amenable to curative treatment. Staging is essential in selection of the 

appropriate treatment as well as in predicting prognosis.1 In the abcense of distant metastatic 

disease, intra-thoracic staging is of prime importance to select the best local treatment. For this 

purpose, several different (non)invasive tests are available (Table 1). For decades, mediastinoscopy 

and (extended) anterior mediastinotomy were the gold standard for mediastinal staging. In the 

recent years minimal invasive staging procedures like EUS-FNA and EBUS-TBNA proved to be new 

effective techniques for mediastinal staging. Here, the role of the EUS-FNA and EBUS-TBNA in 

staging and restaging in stage III NSCLC, will be discussed.

table 1. Techniques of (non)invasive mediastinal staging

Techniques of noninvasive mediastinal staging

Computed Tomografie (CT-scan)

Positron Emission Tomographic (PET)-scan

PET/CT-scan 

Magnetic resonance imaging (MRI)

Techniques of invasive mediastinal staging

Mediastinoscopy

EUS-FNA

TBNA

EBUS-FNA

TTNA

VATS staging

Mediastinoscopy anterior (Chamberlain procedure)

Extended cervical procedure

PrIMAry MeDIAStINAL LyMPh NoDe StAgINg
Imaging techniques

Computed tomography is very usefull in detecting lymph node enlargement. But small lymph nodes 

can contain metastases up to 20%2 and large lymph nodes may be benign, the clinical relevance in 

staging is limited. The American College of Chest Physicians (ACCP) conducted a meta-analysis in 

2007.3 The pooled sensitivity and specificity of CT-scanning for identifying mediastinal lymph node 

metastasis was found to be 51% (95% confidence interval (CI), 47% to 54%) and 86% (95% CI, 84% 

to 88%), respectively (Table 3).3 The corresponding positive and negative likelihood ratios were 

3.4% and 0.6% respectively confirming that CT-scan has a poor ability to either confirm or rule out 

mediastinal metastases.3
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Magnetic resonance imaging (MRI) is an anatomic study. Data about accuracy of evaluation of 

the mediastinum with MRI are limited, although two studies suggest similar results as with CT-

scanning.4,5 Adding contrast enhancement may improve accuracy of the MRI in this situation.5,6 

MRI is superior to CT-scan for defining direct tumour invasion in chest wall, vertebral bodies, 

mediastinum or diaphragm because MRI can detect differences in intensity between tumour and 

normal tissue.4,7-10 MRI of the chest should not routinely be performed, but is recommended in 

sulcus superior tumours or in patients with NSCLC were there is concern for involvement of the 

brachial plexus.3 New techniques with MRI are investigated concerning staging in NSCLC. Whole 

body diffusion-weighted magnetic resonance imaging (MRI) including diffusion-weighted imaging 

with background signal suppresion (DWIBS) was compared to 18FDG-PET,11 and was not superior  in 

staging NSCLC.11 Challenges for both techniques were T-staging and detection of small metastases.11 

table 2. Nodal drainage patterns (adapted from Asamura et al)23

Right upper lobe 21% to N2R

64% to N4R

22% to N7

Right middle lobe 67% to N4R

50% to N7

Right lower lobe 86% to N7

3% to N8/N9

Left upper lobe 2% to N2L

16% to N4L

90% to N5/N6

21% to N7

Left lower lobe 15% to N4L

39% to N5/N6

55% to N7

2% to N8/N9

Positron emission tomographic (PET) scanning with the glucose analog fluorodeoxyglucose offered 

a great promise to detect tumours and mediastinal lymph node involvement. Early studies showed 

significant potential for this noninvasive radionucleide scanning technique to identify tumours too 

small to detect by CT. Several studies and meta-analyses have demonstraded that FDG-PET is superior 

to CT in case of mediastinal lymph node staging in potentially operable NSCLC.12 Nevertheless 

inflammatory nodes resulting in a false-positive result on the PET-scan and malignant lymph nodes 

to small for the resolution of the current PET-scanners, results in a sensitivity of 74% and a specificity 
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of 85% (Table 3). Corresponding positive and negative likelyhood ratios for mediastinal staging with 

PET-scanning were 4.9 and 0.3 respectively.3 It is stated that because of the high negative predictive 

value of the PET-scan, invasive staging can be omitted in patients with clinical stage I NSCLC with 

PET-negative mediastinal lymph nodes < 1 cm (short axis).13 However, noninvasive imaging can only 

provide a suspicion of mediastinal lymph node metastases. In many clinical situations confirmation 

of the status of these nodes by invasive investigation is needed. Al Sarraf et al., found  16% occult 

N2 disease in NSCLC patients staged as N2/N3 negative in the mediastinum by integrated CT-

PET.14 Centrally located tumours, right upperlobe tumours, and central hilar N1 disease, should 

have (minimal) invasive staging to rule out N2 nodal involvement, especially in N7 en N4 as the 

incidence of occult modal metastasis in these nodes is high.14-17 In case of broncho-alveolair cel 

carcinoma and all other situations with low FDG-uptake in the primary tumour, (CT)-PET is less 

reliable to detect metastases in mediastinal lymph nodes.15-17 A meta-analysis by de Langen et al. 18 

concluded that the prevalence of metastasis strongly increases above the 15mm short-axis at CT-

scan. They suggested that patients with nodes <15 mm on CT should be planned for thoracotomy, if 

the FDG-PET did not reveal mediastinal involvement, since the expected yield of mediastinoscopy is 

extremely low.18 Another study revealed that in the presence of enlarged lymph nodes, PET-CT-scan 

becomes less specific, less accurate, but more sensitive in detecting metastatic spread to the lymph 

nodes.19 This reduction in specificity may be explained by the fact that in addition to malignancy, 

nodal enlargement can reflect hyperplasia, inflammation, infection and granulomatous disease, all 

of which are also associated with increased FDG-uptake.19 A prospective study of Tournoy et al. 

which investigated the integrated PET/CT-scan in detecting mediastinal lymph node metastases, 

concluded that the accuracy (sensitivity: 84%, specificity: 85%, positive likelihood ratio: 5.64, 

negative likelihoo ratio: 019) was too low to replace invasive intrathoracic lymph node staging in 

patients with NSCLC.20 According to the dutch guidelines, patients who are amendable to curative 

treatment should preferably undergo a integrated PET-scan instead of first a diagnostic CT and later 

a FDG-PET-scan.21 In case a mediastinal lymph node is suspected by pet-uptake or enlarged on CT-

scan (short axis > 1cm), or the primary tumour is centrally located, (minimal) invasive staging is 

recommended.21

INVASIVe StAgINg teChNIqueS

Several different tests are available to stage the mediastinum (Table 1). The interpretation and 

application of the results are difficult because the published data are defined by patients who have 

undergone a particular test, rather than by radiographic or clinical  criteria that could be used to 

select patients for a particular approach.22 There is a distinct difference between using invasive 

procedures to confirm the presumptive mediastinal stage and using these to confirm diagnosis of 

malignancy.22 In case of mediastinal staging the choice is driven primarily by test-specific issues  

rather than patient-specific performance characteristics.22 The choice of the procedure is dominated 
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by how reliable it will define the presence or absense of mediastinal lymph node metastases. The 

test performance characteristics are an important factor, specifically the false-negative (FN) and 

false positive (FP) rates, in choice of procedure, as these will define the reliability of the test in 

defining the absense of presence of nodal involvement.22 In many situations an invasive test can 

provide both (and confirmation of the disease as well the stage of the disease) at the same time.22 

Nodal drainage patterns have been described and are shown in Table 2.23 

euS-fNA

Transoesophageal ultrasound needle aspiration (EUS-FNA) has proven to be an accurate method 

for the diagnosis and staging of lung cancer.24 EUS-FNA can be performed safe with a negligible 

risk of infection or bleeding. Only one complication (transient fever) has been reported among 6 

studies involving 369 patients. No mortality was reported.25-30 EUS-FNA is particularly usefull for the 

assessment of lymph nodes in the posterior parts of level N4L, N5, N7 and in the inferior mediastinum 

at level 8 and 9 (Figure 1).31 The American College of Chest Physicians (ACCP)22 performed a systemic  

search and evaluation of the published literature from January 1980 through  June 2006. They 

investigated 16 studies assessing EUS-FNA.23-30,32-41 For detection of malignant mediastinal lymph 

nodes (ie N2 or N3), the overall sensitivity was 84% and the overall FN rate was 19% (range 0 to 

61%), The overall specificity was 99.5% and the overall FP rate was 0.7% (Table 3).22  When EUS-

FNA is combined with mediastinoscopy (36%; 95% confidence interval (CI), 27%-46%) more patients 

with tumour invasion or lymph node metastases were defined than with either mediastinoscopy 

(20%; 95% CI, 13%-29%) or EUS-FNA(28%; 95% CI, 19%-38%).32 In case EUS-FNA is combined with 

–FDG-PET, the specificity and overall diagnostic accuracy will improve in unexplained mediastinal 

lymphadenopathy.42 PET alone showed a sensitivity of 95%, a specificity of 90% a positive predictive 

value of 87% and a negative predictive value of 90%, resulting in a accuracy of 88%. With addition 

of EUS-guided FNA the specificity and positive predictive value increased to 100% with a overall 

accuracy of 97%. Adding EUS-FNA is particularly  valuable in cases in which the pet findings are 

equivocal.42

There is a debate going on, -in the literature about-,  whether it is “really a necessity” that 

gastroenterologists perform transesophageal ultrasound-guided fine needle aspiration for the 

diagnosis and staging for lung cancer or that pulmonary physicians should adopt this diagnostic 

method.43 EUS-FNA should be seen as complementary to EBUS, which is performed by pulmonary 

physicians.43 Pulmonary physicians can integrate all clinical information, and interpret  the several 

thoracic imaging modalities in staging NSCLC.44 Therefore, a nationwide goverment sponsored 

implementation study was conducted (2005-2007) for EUS-FNA in lung cancer in the Netherlands.45 

Several other studies have been conducted to explore the reliability and validity of newly developed 

EUS Assessment Tools (like EU-SAT) designed to measure competence in EUS-FNA for mediastinal 
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figure 1. Sampling techniques and their diagnostic reach of mediastinal and hilair lymph node stations, 
according to Narucke (N). (partially adapted from: Yasufuku K., et al). 
1: Highest mediastinal (N1), 2. Upper paratracheal (N2 left and right), 4. Lower paratracheal (N4 left and right), 5. 
Subaortic (N5), 7. Subcarinal (N7), 8. Paraesophageal, 9.Pulmonary ligament (N9), 10. Hilair (N10), 11. Interlobair 
(N11), 12. Lobair (N12)

table 3. Performance of different locoregional staging techniques (partially adapted from Silvestri et al. and 
Detterbeck et al)3, 22

Number 
of pts

Sens.
(%)

Spec.
(%)

FN (%)
Range (%)

FP (%)
Range (%)

PLR NLR Prevalence 
(%)

CT3 5111 51 86 3.4 0.6 28

PET3 2865 74 85 4.9 0.3 29

Blind TBNA22 1339 78 99 28 1 75

EUS-FNA22 1003 84 99.5 19 0.7 61

EBUS-TBNA22 918 90 100 24 0 68

Mediastinoscopy22 6505 78 100 0 11 39

TTNA22 215 89 100 0 81

VATS22 419 75 100 7 0 44

PLR: positive likelihood ratios, NLR: negative likelihood ratios

Mediastinoscopy EBUS-TBNA

EBUS-TBNA

Mediastinotomy anterior

EUS-FNA
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staging of NSCLC.46 The EU-SAT assessment tool has proven to be a valid method to measure 

competence in mediastinal staging using EUS-FNA.46 Chest physicians who participate in a dedicated 

training and implementation program for EUS-FNA can obtain results similar to those of experts for 

mediastinal nodal staging.47 

tbNA (Wang NA)

TBNA is not expensive and can be performed safely with no significant morbidity. Most studies did 

not describe any complication.48-50 One study reported no serious complications, but noted small 

amount of haemorrage in 68% of the patients51 and another study described in 2-5%, 30-100 ml 

hemorrhage.52 TBNA is most frequently used to assess subcarinal nodes (N7). Paratracheal lymph 

nodes are more difficult to access, due to the difficulty in sufficiently angulating the bronchoscope 

and the needle. In early studies it was possible to obtain adequate specimen through TBNA in 

approximately 80% of the cases.52-55 Detterbeck performed a meta-analysis for the ACCP guidelines.22 

Seventeen studies53-67 met the inclusion criteria for mediastinal staging with TBNA.22 The overall 

sensitivity was 78% with values ranging from 14 to 100%. The specificity and FP rates were 99% 

and 1% respectively (Table 3). False negative rate was approximately 20% (range 0-66%). Only a few 

studies confirmed positive TBNA with invasive investigation. Occasional false positive results are 

described in several studies,56,57 in which this result specifically was examined with a confirmatory 

test (average 7%). The patients included in the above mentioned studies, generally have a high 

prevalence of N2/N3 involvement with bulkey disease, although the specifics about nodal size are 

generally vague.22 Because of the high false negative rate, this test is less usefull with normal-sized 

lymph nodes. In case of a negative TBNA, mediastinal lymph node metastases can not be excluded 

and additional pathological staging should be performed.22

ebuS-tbNA

Endobronchial ultrasound with fine needle aspiration can be used to sample the highest mediastinal, 

upper and lower paratracheal and subcarinal lymph nodes, as well as hilar lymph nodes. The meta-

analysis for de ACCP-guidelines was performed. Eight68-75 studies were included.22 The overall 

sensitivity was 90%, with values ranging from 79 to 95%. The average FN rate was 24% (range 1 

to 37%). One study was excluded from this calculation, because its extremely high false negative 

rate (89%).69 The specificity and FP rates (respectively 100% and 0%) are artificial because no 

invasive confirmation investigation was performed (Table 3). Herth et al. investigated the accuracy 

of EBUS-TBNA in the radiologically normal mediastinum (lymph nodes<-1 cm). The sensitivity for 

detecting malignancy was 92.3% and specificity was 100%. The negative predictive value: 96%.70 

Several papers are published about learning curves for EBUS-TBNA.76-79 Groth et al. concluded that 

a learning curve for EBUS-TBNA for thoracic surgeons is about 10 procedures.77 This result was 

not confirmed by other studies. Kemp et al. utilises cumulative sum (CUSUM) to analyse learning 

curves nessecary to learn EUS-TBNA. With a pooled sensitivity of 67.4% (ranging from 59.7% to 
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80.3%, in five studies), it became evident that there is a wide range of time over which EBUS-TBNA 

was learned.76 In a single centre study, CUSUM was used, which resulted in a different outcome. 

The learning period was over the first 20 patients.79 Inviting gastroenterologists and pathologists 

in the bronchoscopy suite may help to shorten the learning curve.79 Interpreting, obtaining and 

maintaining  the EBUS ultrasound image are the key challenges.80 The European Respiratory 

Society and the American Thoracic Society recommends 40 supervised procedures and 25 per 

year to maintain skills.81 The American College of Chest Physicians recommends a minimum of 50 

supervised  procedures and then 5-10 procedures per year to maintain skills.82 Experience suggests 

(although this is not evidence based) that the linear probe requires at least 40-50 procedures 

(assuming already a fully trained bronchoscopist) supervised by an experienced EBUS-TBNA 

bronchoscopist.83 In absence of rapid on-site cytopathologic evaluation (ROSE), which is time and 

cost effective,84,85 optimal results can be obtained in three aspirations per lymph node station.86 New 

techniques are used to get histopathologic specimens by using the EBUS-miniforceps.87,88 A Dutch 

group proved that all mutations (K-ras, EGFR, BRAF and PIK3CA) detected from histological material 

of the primary tumour, could also be identified in the cytological samples collected through EBUS-

TBNA and/or EUS-TBNA.89 Several studies investigated the possibility of EGFR mutation testing on 

cytology, obtained by EBUS-TBNA and/or EUS TBNA.85-89 Results varied from 72% up to 95%.90-94 In 

case cell blocks were prepared, molecular analysis was possible in 98% of the specimens.95 EBUS-

TBNA proves to be as safe as conventional bronchoscopy.69,83 Rare complications are described: 

pneumomediastinum, pneumothorax and hemomediastinum, but a postprocedure X-ray of the 

chest is usually not necessary.96,97 Also infectious complications have rarely been reported and 

bacteraemia is usually asymptomatic and clinically insignificant.98,99

ttNA

Trans thoracic needle aspiration (TTNA) is an important alternative to more invasive surgical 

prodecures. TTNA or biopsy for diagnosis and staging of the mediastinum is distinct from TTNA of 

parenchym. The ability to achieve a diagnosis is high (ie. > 90%).22 Common complications include 

pneumothorax (approximately 10%) and hemoptysis.22 According to Table 3, sensitivity is 89% with 

a prevalence of 81% in a total of 215 patients.22

Mediastinoscopy

For many years the mediastinoscopy was  the gold standard to stage the mediastinum. Because 

of new minimal invasive methods like EBUS and EUS, this invasive investigation is under debate.  

A meta-analysis involving 19 studies100-118 and a total of 6505 patients showed a sensitivity of  

approximately 80% and and the average FN rate is 10% (Table 3).22 The specificity and the FP rates 

are set on 100% and 0% respectivily. These values cannot really be assessed because patients 

with a positive biopsy did not undergo further invasive procedures (like thoracotomy) to confirm 
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results.  Approximately half (range 42% to 57%) of the FN nodes were not accessible by the 

mediastinoscope.101-103,119-121 Another explanation for the false negative rate of 10% is the number 

of inadequate procedures. A complete mediastinoscopy involves biopsies of 5 mediastinal N2 

nodes:  N2R, N4R, N7, N4L, N2L. Smulders et al., investigated surgical mediastinal staging in daily 

practice.122 Mediastinoscopy was performed according to gold standards in 40% of the patients only. 

Postoperatively, 17% of patients appeared to have unforeseen N2-3 disease. In approximately 18 % 

of these ‘upstaged’ patients, thoracotomy could have been omitted, if guidelines had been followed 

adequately.122 A study of Cerfolio et al. investigated mediastinal lymph node dissection (MLND).123 

In patients who underwent a lobectomy the difference was not significant (10.6% vs 9.4%). In 

patients who underwent a segmentectomy, the incidence with MLND is 13% vs 5.3% (p=0.001).120 

Patients with MLND are more thoroughly staged, resulting in the detection of more patients with 

N2 disease than with mediastinal lymph node sampling (MLNS), and can be treated with adjuvant 

chemotherapy.123 Videomediastinoscopy may impart some improvement  in sensitivity (90%) and 

FN value of 7%.100,103,118 Morbidity and mortality rates after mediastinoscopy are low, respectivily 

2% and 0.08%.124 Two studies investigated the accuracy of extended cervical mediastinoscopy 

alone and combined with standard cervical mediastinoscopy.125,126 By adding extended cervical 

mediastinoscopy (ECM) to standard cervical mediastinoscopy, sampling of N5 and N6 is possible. 

The technique of extended cervical mediastinoscopy is first described by Ginsberg in 1984.125 The 

sensitivity of the standard cervical mediastinoscopy ranged from 33% to 52%. The sensitivity of the 

ECM ranged from 45% to 51%. The sensitivity increased substantially when the two investigations 

were  combined (range : from 69% to 75%). The negative predictive value of the standard cervical 

mediastinoscopy alone ranged from 62% to 84%, but increased to a range of 82 to 89% when the 

to procedures were combined.125,126 An alternative approach to the ECM is the mediastinotomy 

anterior or the Chamberlain procedure. Which is able to assess lymph node N2R, N4R and N3 when 

performed through the right chest, and lymph nodes N5 and N6 when performed  through the 

left chest. In case standard cervical mediastinoscopy and mediastinotomie anterior are combined, 

sensitivity increased upto 87% instead of 68 to 73% (range) for standard cervical mediastinoscopy 

or 63% to 86% (range) for mediastinotomy anterior.127,128,129

VAtS

Video Assisted Thoracoscopic Surgery (VATS) can be used to access mediastinal lymph nodes. This 

technique requires general anesthesia. The advantage of VATS over thoracotomy is that the major 

chest wall muscles are not divided and the ribs are not spread. During the procedure only one side 

of the mediastinum can be explored, access to the right side is straight forward.22 Complications 

were observed in 2% (12/669). No mortality was reported. Sensitivity varies widely from 37%-100%. 

The overall sensitivity is 75% (Table 3), with a false negative ratio of 7%.22 Vats is primarily useful in 

detecting T4 lesions which are inoperable to preclude resection.
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Combination of invasive investigation

Can minimal invasive staging techniques substitute the mediastinoscopy and/or the mediastinotomy 

anterior/ECM? Yasufuku et al., found no difference in mediasinal staging between EBUS-TBNA and 

mediastinoscopy.130 The specificity and positive predictive value for both techniques were 100%. The 

sensitivity, negative predictive value and diagnostic accuracy for mediastinal lymph node staging for 

EBUS-TNBA and mediastinoscopy were respectively 81%, 91%, 93% and 79%, 90%, 93%.130 Other 

studies show that combining techniques, increases the sensitivity and negative predictive value. 

Annema et al. proved  that combining EUS-FNA na mediastinoscopy identified more patients 

with tumour invasion or lymph node metastases compared with one of the techniques alone.32 

Sixteen percent of the thoracotomies could have been avoided by using EUS-FNA in addition to 

mediastinoscopy. Hence 2% of the EUS-FNA findings were false-positive.32 In this case, the lymph 

node appeared to be per continuitatem with the tumour. So the biopsies appeared to be from the 

tumour not from the lymph node. Annema et al. proved using a randomised study, that a staging 

strategy combining EUS-FNA and EBUS-TBNA before surgical staging, compared to surgical staging 

alone, resulted in greater sensitivity for mediastinal nodal metastases and fewer unnecessary 

thoracotomies.131 Combining EUS-FNA and EBUS-TBNA increases the negative predictive value 

and sensitivity.132 In this study, the sensitivity for EUS-FNA was 89% and 92% for EBUS-TBNA. 

Both techniques combined showed a sensitivity of 96% and a negative predictive value of 95%.132 

The combination of EUS-FNA and EBUS-TBNA are able to replace more invasive methods as a 

primary staging method.132,133,134 Combination of EUS-FNA and EBUS-TBNA (combined ultrasound-

needle aspiration: CUS-NA)  was also studied in the normal mediastinum,135 in NSCLC stage IA-

IIB. All patients with a negative CUS-NA underwent a transcervical extended bilateral mediastinal 

lymphadenectomy (TEMLA) as confirmatory test. The sensitivity (68%) of CUS-NA was significantly 

higher than with EBUS alone (p:0.04). The negative predictive value (91%) was significantly higher 

than EBUS-NA or EUS-NA alone (p=0.01 and p=0.03, respectively).135

Cost-benefit of minimally invasive staging

Several studies have been performed to assess clinical effectiveness and cost-effectiveness of EUS-

FNA of EBUS-TBNA (or a combination of both) compared (standard) surgical staging techniques.136-139 

Three studies concluded that minimal invasive staging techniques, such as EBUS-TBNA is cost-

effective.136-138 The combination of EBUS-TBNA and EUS-FNA is the most economical approach.138 

The Aster study, which was a prospective, international, multicentre, open-label, randomised 

controlled study, concluded that a combination van EUS-FNA and EBUS-TBNA followed by surgical 

staging (in case these tests were negative), compared with standard surgical techniques, had a 

higher sensitivity and negative predicted probability. This resulted in less necessary thoracotomies 

and better quality of life during staging. It was slightly more effective and less expensive, than 

the current practice, but there was no significant difference in expected costs between the two 
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strategies.139 Several comments and limitations of this study are noteworthy. Some of them could 

result in further research. Is a mediastinoscopy following a negative EBUS/EUS really nessecary? 

This answer is determined by the negative predictive value of the EBUS, EUS or the combination of 

both and depends on the results of the executive phycisian. In the ASTER trial, EBUS was performed 

by a chest physician and EUS by gastrointestinal endoscopist. Chest physicians or pulmonologists 

can be trained to perform both EBUS and EUS effectively. In the Netherlands there are several 

centres were the pulmonologist perform both investigations, even in one procedure, and this will 

improve the negative predictive value and reduce costs. In the ASTER study separate EBUS and EUS 

scopes were used, combined EBUS/EUS using a single EBUS scope, which can be used also in the 

esophagus, provides equivalent diagnostic accuracy and will also reduce costs.139

CoNCLuSIoN

In patients with suspicion of mediastinal lymph node metastases on the PET-scan or mediastinal 

lymph nodes > 1cm (short axis on CT-scan), or a centrally located primary tumour, (minimal) invasive 

techniques are warranted to stage the mediastinum.21 According to the European Society of Thoracic 

Surgeons (ESTS) guidelines,13 TBNA, EBUS-FNA and EUS-FNA or combination of these minimally 

invasive techniques can provide a cytohistological diagnosis. Because their specificity is high, and 

if their negative predictive value is low, they are complementary to surgical invasive techniques 

(Figure 2).13 Whether, an invasive surgical technique remains indicated after negative result with 

minimal invasive techniques, is determined by the negative predictive value of the EUS/EBUS and 

depents on the results of the executive phycisian. In other words,  how many mediastinoscopies 

have to be performed to find one false negative result after EUS/EBUS.

reStAgINg

Whether surgical resection after chemoradiotherapy in NSCLC stage III(A) adds further patient 

benefit  is controversial.140-142 The major prognostic factor is mediastinal downstaging (clearance 

of N2/N3 involvement after induction chemo(radiation) therapy).140-142 The mediastinum can be 

restaged by the same techniques as applied in the primary staging.13 If these techiques accurately 

predict final pathological staging and which restaging test is best, remains unclear.

Imaging

To predict pathological complete response (pCR) (complete clearance of tumour at all sites), CT-

imaging is not reliable, with a false negative rate of 54%.145 The reliability of PET to detect residual 

tumour is more accurate than the CT-scan, but is clearly not as accurate as in untreated patients. It 

carries a fairly high unacceptable false negative rate (36%).145 CT-scan is also a poor restaging test in 

mediastinal restaging with false negative and false positive rates of approximately 30% (Table 4).145 
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c

d Negative(re) Mediastinoscopy

CT or PET or PET‐CT

Negative (NO) (a) (B) positive (N2‐N3)

Tissue confirmation

EBUS/EEUS (FNA)

a: In central tumors, tumors with large LNs (=1,6 cm) and N1 disease invasivestaging remains indicated
b: if no PET is available, mediastinoscopy is indicated except for T1N0 squamous cell carcinoma
c: Endoscopic techniques are minimally invasive and can be the first choice
d: due to its higher NPV mediastinoscopy reamins indicated

EUS: Endoscopic esophageal ultrasound
EBUS: endobronchial ultrasound

Negative Positive Positive

Surgical treatment Multimodality treatment

figure 2. Proposed algorithm for mediastinal staging (adapted from de Leyn et al.13)
a: In central tumours, tumours with large LNs (=1,6 cm) and N1 disease invasivestaging remains indicated
b: If no PET is available, mediastinoscopy is indicated except for T1N0 squamous cell carcinoma
c: Endoscopic techniques are minimally invasive and can be the first choice
d: Due to its higher NPV mediastinoscopy reamins indicated
EUS: Endoscopic esophageal ultrasound
EBUS: endobronchial ultrasound
NPV: negative predictive value

PET restaging was investigated in approximately 10 studies and revealed a high FN of 26% en an FP 

of 34% (Table 4).145 Cerfolio et al. found in a retrospective analysis that approximately one month 

was the optimal timing for restaging with PET/CT after chemoradiation.146 This is not ideal because 

this causes a delay of a possible operation. There are not much data to answer the question: When 

to operate after induction treatment. One study of el Sharouni et al. showed that in the time interval 

between end of induction chemotherapy and start radiotherapy, rapid tumour progression occured 

as a result of accelerated tumour proliferation.147 Mean tumour volume doubling times are much 

shorter after induction chemotherapy (45.8 days) than those in untreated tumours (more than 100 

days depending on histology.147  

Minimal -invasive staging techniques, euS-fNA, tbNA, ebuS-(tb)NA

Several studies have been conducted to investigate the role of EUS-FNA after induction treatment 

for restaging.148-150 All authors concluded that restaging with EUS-FNA after induction (chemo)-
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radiotherapy is safe and well tolerated.148-150 Several authors have reported results concerning 

restaging techniques based on needle aspiration involving 191 patients. 148-152 This involves  three 

smaller EUS-studies, a large multicentre study of EBUS and one study of TNBA without node 

visualisation. 145 In these studies the average number of node stations sampled is lower than in studies 

concerning remediastinoscopy.145 The sensitivity was 84% and the average negative predictive value 

of these studies is 14% (Table 4).148-152 Von Bartheld et al., found a high negative predictive value 

of 58%.153 One reason for this finding is the large percentage of nodal metastases outside reach of 

the EUS.153 Other reasons were detection error and nodal sampling error.153 One study used TBNA 

in the restaging setting without node visualization.151 TBNA achieved a correct diagnosis in 71% of 

the patients and the writers claim that TBNA could be considered as the initial procedure of choice 

table 4. Mediastinal restaging after induction therapy for several (non-invasive) techniques
(partially adapted from Cabanyes et al)124 

(non) invasive technique Nr. of pts Feas Sens.(%) Spec.(%) FN (%) FP (%)

CT average 190 63 70 31 34

PET average 453 63 70 26 34

Remediast average 515 87 63 22

Stamatis et al.159 165 97 74 (100) 14 (0)

Meerschout et al.152 112 82 71 (100) 9 (0)

Marra et al.161 104 98 51 (100) 21 (0)

De Waele et al.160 104 100 70 (100) 27 (0)

De leyn et al.158 30 60 50 (100) 38 (0)

Needle-techniques average 191 94 84 14

Annema et al.144 17 89 67 (100) 33 (0)

Stigt et al.145 25 - 92 (100) 8 (0)

Varadarajulu et al.146 14 93 86 (100) 14 (0)

Kunst et al.147 11 93 100 (100) 0 (0)

Herth et al.148 124 100 76 (100) 80 (0)

1st mediast average 85 89 9

Ziekinski et al.151 63 100 96 (100) 3 (0)

Lardinois et al.100 22 100 82 (100) 15 (0)

****Cabanyes et al.

for restaging of the mediastinum.151 Two studies confirmed that EBUS-TBNA is a sensitive, safe and 

minimal invasive test for mediastinal restaging in patients with NSCLC stage III.152,154 Although Herth 

et al. reported a negative predictive value of 20%, due to nodal sampling, rather than detection 

error.152 Because of necrosis or fibrosis after neoadjuvant chemotherapy, it can be more difficult to 
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sample the lymph nodes. And because of necrosis and fibrosis, the cytology may yield less cellulair 

material to prove malignancy.152 Therefore tumour negative findings should be confirmed by surgical 

staging before thoracotomy.152 In the study of Szlubowski et al. the negative predictive value was 

78%. Therefore they conclude that after negative results of EBUS-TBNA, surgical restaging might 

not be mandatory.154 Although the same group also investigated TEMLA (transcervical extended 

mediastinal lymphadenectomy) in restaging of NSCLC with the conclusion that TEMLA should be 

considered the gold standard of mediastinal restaging with a negative predictive value of 97.4%.155 

EBUS-TNBA enables to biopsy station 2R, 2L, 3, 4R, 4L and 7(also N1 stations: 10R, 10L, 11R and 

11L), Figure 1.31 Szlubowski et al. have the experience that the posterior and inferior part of station 

4L en and 7 are more difficult to visualise and biopsy.154 Several authors stated that using both 

EBUS-TNBA and EUS-FNA (followed by (re)-mediastinoscopy) enables more accurate assessment of 

the mediastinum and increases the diagnostic yield in restaging, but there are no data for such a 

combination.32,40,154 

repeat-mediastinoscopy

In the early  1970s and in 1992, Lewis et al. and Meersschaut et al., proved that a mediastinoscopy could 

safely be repeated.156,157 This research was performed after Palva stated in 1974, that mediastinoscopy 

is a procedure that, as a rule, should not be repeated.158 Meersschaut investigated 140 patients 

and found a sensitivity of 74% and a accuracy of 94%.156 Ever since the repeat mediastinoscopy 

is under debate. In 2003, Maas et al.,159 concluded that repeat mediastinoscopy proved to be a 

complicated procedure because of fibrous adhesions and scar tissue.160,161 They also did not see 

the efficacy because of the high number of incomplete procedures  and its false negative results. In 

those years, one thought highly of non-invasive staging tools like PET-scan. For mediastinal staging 

after neo-adjuvant CRT, the PET-scan is more accurate that the CT-scan, although the sensitivity is 

reported only to be 50 to 60% with a good specificity of 85%-90%.13,162 According to ESTS guidelines, 

an invasive technique proving cytohistological information is recommended in restaging.13 In five 

studies, including 515 patients,156,162-165 results of  the remediastinoscopy were investigated (Table 

4).145 The sensitivity to detect mediastinal lymph node involvement was 63%, with a average false 

negative rate of 22%.145 Remediastinoscopy appeared to be safe, with complication rates between 

0% and 7% (Table 4), although one fatal complication has been reported.164 Remediastinoscopy 

is considered valid when all previously positive stations were biopsied, although two studies 

defined biopsy of any tissue as sufficient.163,165 In a report by de Leyn et al., a prospective series, the 

sensitivity of the remediastinoscopy was only 29%, the lowest reported in literature untill now.162,166 

Most studies showed a sensitivity above 70%.156,160,163,164,166,167 It is reported that the low sensitivity 

of de Leyn is due to the use of the larger videomediastinoscope.145,168 Although in other studies a 

video-mediastinoscopy in restaging is as safe  and accurate as using videomediastinoscopy  in initial 
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staging103 and in general video-mediastinoscopy performs better than regular mediastinoscopy.169 

Remediastinoscopy has a rather high false negative rate (22%).145 Suprisingly the false negative 

rate is lower after neo-adjuvant chemoradiation versus neo-adjuvant chemotherapy alone (15% 

vs 33%).145 The best results obtained in invasive restaging was by using TEMLA, with a sensitivity of 

96.5% and a accuracy of 98.3%.155 However, this procedure is technically not straight forward and 

requires experience with extensive mediastinal dissection.170 Two studies investigated the first time 

mediastinoscopy for restaging (total of 85 patients). All patients originally underwent initial staging 

of the mediasinum with a minimal invasive technique, most patients were restaged after induction 

chemotherapie (89%).103,145,155 The sensitivity of the whole group was 89% with a false negative rate 

of 9%.145 (Table 4)

future PerSPeCtIVeS

A lot of research is done at the moment to prove that mutations can be detected on cytology 

harvested by EUS-FNA or EBUS-TBNA.89,171,172,173 In the near future, this could be of importance 

in the staging, diagnostics and treatment of NSCLC stage III. Wallace proved that the accuracy of 

cell typing improves from 44% in cases with no cell block to > 80% when using cell blocks suitible 

for immunohistochemistry.174 Other studies proved  that EGFR/K-ras mutations  and anaplastic 

lymphoma kinase (ALK)- gene rearrangements can be detected on cytology89,171,172,173 by EUS-FNA 

and EBUS-TBNA. A dutch study proved that molecular techniques could be accurately applied on 

fine needle aspirates collected by EUS-FNA and EBUS TBNA in patients with NSCLC.89 All mutations 

detected in the histological material of the primary tumour were also identified in the cytological 

samples.89 Epidermal Growth Factor Receptor (EGFR) and K-ras gene mutation analysis was performed 

in fixed cytological smears and fresh tumour samples.171 Fixed and stained cytological samples seem 

more reliable than fresh material for molecular analysis.171 Also Fluorescence In Situ Hybridization 

(FISH) and immunohistochemistry (IHC) were compared, to evaluate the suitability for detecting ALK 

–gene rearrangements.173 FISH was superior to IHC using ALK-1 monoclonal antibody for detecting 

of ALK-rearrangement in EBUS-TBNA cytology specimens.173 A novel algoritm is suggested for the 

diagnosis of adenocarcinoma in small biopsies and cytological samples.175 In samples with positive 

cytology and classic morphology for adenocarcinoma or squamous cell carcinoma, no further 

markers are necessary. And those samples containing adenocarcinoma  can directly undergo EGFR/

K-ras mutation testing.175 Nakajima et al. evaluated the feasibility of of messenger RNA (mRNA) and 

microRNA (miRNA)expression analysis by micro array using samples obtained by EBUS-TBNA.175 And 

the results are promising in 24 samples.  Cytology samples of EBUS-TBNA can be used for micro array 

technology comprehensive whole transcript-based array and miRNA.176 These findings indicate that 

moleculair genetics analysis of NSCLC in the near future should be incorporated in standard EBUS 

and  EUS procedures. For Clinical (staging and treatment) and Research purposes. 
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New techniques are also investigated concerning larger-caliber aspiration needles in EUS-FNA.177 

The diagnostic sensitivity was comparable.177 But new techniques should be tested in EUS en EBUS-

TBNA to improve the technique and its results. 

Another development is to invent a scoring system to predict malignancy in mediastinal lymph 

nodes by endobronchial ultrasound.178 Investigators analysed several studies and the most promising 

criteria for prospective evaluation were: round shape distinct margin, heterogeneus ultrasound 

pattern, abcense of the central hilar structure (CHS), short axis> 1cm and high blood flow in a lymph 

node.178 In case more than two criteria were present , the lymph node was classified as high risk for 

malignancy. The results were promising, using ultrasound criteria during routine EBUS is feasible 

and reproducible with good inter-rater agreement.178

CoNCLuSIoN

Restaging by imaging is highly unreliable with high false negative rates for the CT-scan (31%) and 

the PET-scan (25%).145 Also the remediastinoscopy shows a false negative rate of more than 20%. 

EUS and EBUS may perform slightly better, but data are limited. Primary mediastinoscopy seems the 

most reliable tool in restaging.145  If minimal invasive staging techniques such as EUS-FNA and EBUS-

TBNA or combination of both, are used for up-front mediastinal staging, first time mediastinoscopy 

(Figure 2), can be preferably used for restaging.
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AbStrACt 
background

This prospective study analyzed the feasibility and efficacy of weekly concurrent chemoradiation 

(docetaxel/cisplatin) followed by surgery. The primary endpoint was radiological response.

Patients and Methods

Six chemotherapy (docetaxel/cisplatin) cycles were administered on days 1, 8, 15, 22, 29 and 36 with 

concurrent thoracic radiotherapy in fractions of 1.8 Gy, to a total dose of 45 Gy. Patients underwent 

surgery depending on results of invasive mediastinal re-staging. 

results

Forty-two out of 45 NSCLC stage III patients were evaluable. Nineteen patients showed partial/

complete response (46%), 14 stable disease (34%) and eight (20%) progressive disease. Toxicity 

was mild. The 30-day postoperative mortality was 4.2%. Twenty-four patients (59%) proceeded to 

surgery and 20 (49%) underwent a complete resection (R0).

Conclusion

Weekly concurrent chemoradiation (docetaxel/cisplatin) in stage III NSCLC results in a radiological 

response rate of 46% and mediastinal downstaging in 56%. Complete resection in downstaged 

patients was achieved in 49% of all patients.
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INtroDuCtIoN 

The 2003 ASCO guidelines1 recommend (platinum-based) chemotherapy in association with 

thoracic radiotherapy for selected patients with unresectable locally advanced non-small cell lung 

cancer (NSCLC). However, the optimal sequencing of chemotherapy and radiotherapy has so far 

not been established and it is therefore unclear whether or not surgery plays a role in combined 

modality treatment for stage III NSCLC. Albain et al. recently published new data concerning this 

topic and suggested that patients with NSCLC stage III can benefit from surgery after combined 

modality treatment with a survival benefit, especially when a lobectomy is performed.2 

A variety of multimodality-therapies that include chemotherapy, surgery and/or radiotherapy have 

recently been assessed in clinical phase III trials.2-4 However none showed a significant survival 

difference. 

Taxanes are known to have radio-sensitizing potential.5,6 Docetaxel has demonstrated greater 

radio-sensitizing potential, possibly through different mechanisms such as immunomodulation or 

antiangiogenesis effect.7-10 Toxicity of docetaxel can be decreased through a weekly administration 

schedule.11 Several phase I and II studies report that cisplatin and docetaxel both administered at 20 

mg/m2 once a week can be combined with radical thoracic radiotherapy.12-20 

This study analyses the results of a chemoradiotherapy regimen consisting of docetaxel/cisplatin 

and involved-field concurrent thoracic radiotherapy for a total dose of 45 Gy. Following invasive 

mediastinal restaging, patients with pathological mediastinal downstaging underwent a thoracotomy 

with the aim of a radical resection. The remaining patients continued radiotherapy for a maximum 

of 60 Gy in order to maximize local control rates. 

The primary objective of this phase II study was radiological response rate. Secondary endpoints 

included toxicity, efficacy in terms of radical resection rate and pathologic response, postoperative 

morbidity, mortality and overall survival (OS). 

PAtIeNtS AND MethoDS
Patients 

Patients with stage III NSCLC were eligible in this prospective multicentre phase II trial. Patients 

were staged according to the guidelines of the National Comprehensive Cancer Network and ACCP 

guidelines.21 All patients were entered after written consent was obtained according to local medical 

ethical committee regulations. 
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Eligibility criteria included pathologically proven primary stage IIIA/IIIB NSCLC (every T, N2 and/or 

N3 and M0, except malignant pleural effusion or scalene/supraclavicular lymph node involvement), 

age between 18 and 76 years, Eastern Cooperative Oncology Group (ECOG) performance status of 0 

or 1, platelet count 100×109/l, absolute neutrophil count >2×109/l, normal liver and renal functions 

with a creatinine clearance >60 ml/min. The calculated postoperative forced expiratory volume in 1 

second and CO transfer coefficient were >40% of the predicted and maximum oxygen consumption 

(VO2max.) were required to be more than 15 ml/min/kg. 

Concurrent chemoradiotherapy 

Chemotherapy consisted of six cycles of cisplatin and docetaxel. Both drugs were administered 

weekly on day 1, 8, 15, 22, 29 and 36 at a dose of 20 mg/m2 as an intravenous infusion along with 

an appropriate hydration and anti-emetic regimen. 

Treatment was stopped in those cases where the disease progressed or unacceptable toxicity 

occurred. Dose reductions were specified per protocol. Following one cycle of induction cisplatin/

docetaxel, concurrent chemoradiotherapy (CCRT) commenced on day 8. Thoracic radiotherapy was 

delivered in once-daily fractions of 1.8 Gy, five fractions a week, to a total dose of at least 45 Gy. 

Consequently, the overall treatment time for radiotherapy was five weeks. No interruptions were 

allowed except in the event of a grade III or IV esophageal or pulmonary toxicity, or a grade IV 

hematological toxicity (NCIC-CTC grading system v3.0). The use of a planning computed tomography 

(CT) scan and a 3-D treatment planning program with a beam-eye-view facility was mandatory. 

The gross tumour volume (GTV) included all tumour identified prior to start of the treatment with 

initial staging. Mediastinal lymph nodes with a short-axis diameter larger than one centimeter 

were included in the GTV. The GTV was contoured using both the lung and mediastinal windows 

settings. The clinical target volume (CTV) included the ipsilateral hilus, even in cases where it was 

radiologically normal. The CTV included the GTV plus a symmetrical margin of one centimeter. The 

planning target volume (PTV) was delivered by adding a margin of one centimeter to the CTV but 

this margin should only be 0.5 centimeter in case of a contralateral N3 node. The full dose of 45 Gy 

could be delivered to the spinal cord, and preference was given to sparing pulmonary tissue in order 

to limit the V20, which was defined as volume of both lungs, minus the PTV receiving a threshold 

dose of 20 Gy.22 

In patients who were not eligible for radical resection due to persistent N2/N3 disease or irresectable 

T4 disease, additional radiation treatment up to 60 Gy was considered when the gap between the 

end of the pre-operative dose (45 Gy) and recommencing radiotherapy was limited to less than 

three weeks and when disease progression outside the previous planning target volume was absent. 
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response assessment 

Tumour response after CCRT was assessed using the response evaluation criteria in solid tumours 

(RECIST) with CT scan and FDG-positron-emission tomography (PET) scan. FDG-PET was also used to 

evaluate disease progression outside the chest. 

Invasive restaging 

A planned re-evaluation took place within a few days after completion of CCRT. Patients initially 

staged as having T4N0-1 disease, who did not progress during CCRT, proceeded directly to 

explorative thoracotomy. Patients initially staged as having N2 or N3 disease and without disease 

progression after CCRT proceeded to a mediastinal evaluation using (repeat)-mediastinoscopy, 

esophageal ultrasonography (EUS), EBUS, video-assisted thoracoscopic surgery (VATS) or parasternal 

mediastinoscopy. During mediastinoscopy, biopsies were taken from lymph node stations 2R, 2L, 

4R, 4L and 7, according to Naruke et al.23

Surgery 

All patients with potentially resectable disease at re-staging proceeded to thoracotomy with intent 

to achieve a R0 resection.24 Surgery was to be performed between three to four weeks after the last 

fraction of radiotherapy. 

StAtIStICS 

In this phase II study, the primary outcome was the summed percentage of radiological complete 

and partial responses. For a sample size calculation, a summed proportion of complete and partial 

response of 0.6-0.65 is expected and proceeding to a comparative randomised phase III is decided 

upon when the lower end of the one-sided 95% confidence interval exceeds 0.5. According to power 

analysis, a sample size of 40 patients was required. 

Interim analysis was performed after the inclusion of ten patients; if more than three patients died 

due to treatment toxicity or more than four patients experienced grade IV esophageal toxicity, the 

study would have been terminated. 

Survival was estimated from the date of inclusion, using the Kaplan-Meier survival analysis 

method.25 Survival comparisons were analyzed by the log rank test.26 The difference was considered 

statistically significant when the p-value was <0.05. 

reSuLtS

From March 2005 to September 2006, 45 patients with stage III NSCLC were entered into this study 

of whom 42 were eligible.Three patients discontinued the study; one patient was diagnosed with 
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a mesothelioma and the other two patients did not meet the criteria of NSCLC stage III. Patient 

characteristics are provided in Table 1 (n=42). Thirty-two patients (76%) had pathological proof 

of mediastinal nodal involvement (29 with N2-disease). Ten patients with cT4 disease underwent 

no invasive mediastinal staging before chemoradiation because of gross involvement of the 

mediastinum (Table 1). 

table 1. Pretreatment characteristics of patients and type of mediastinal lymph-node assessment in patients 
eligible for treatment (n=42).

Sex, n (%):

Male

Female

Numbers of patients (%)

27 (64%)

15 (36%)

Median age, years (range) 59 (41-78)

ECOG* performance status, n  (%)

0

1

Numbers of patients (%)

26 (62%)

16 (38%)

Histological type, n (%)

Squamous

Adenocarcinoma

Large cell

Numbers of patients (%)

16 (38%)

4 (10%)

22 (52%)

Stage, n (%)

IIIA

cT1-3N2M0

IIIB

cT4N0-1M0

cT4N2M0

cT1-3N3M0     

Numbers of patients (%)

25

25 (60%)

17

4 (9%)

10 (24%)

3 (7%)

Type of mediastinal staging, n (%)

Mediastinoscopy

EUS-FNA**

Mediastinoscopy anterior

Thoracotomy

TBNA *** 

No invasive staging

Numbers of patients (%)

7 (17%)

17 (41%)

1 (2%)

1 (2%)

  6 (14%)

10 (24%)

*Eastern Cooperative Oncology Group
**Esophageal ultrasonography
***Transbronchial needle aspiration
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Chemoradiotherapy 

Thirty-six patients (86%) received six cycles of docetaxel and cisplatin without dose-reduction 

or delays. Six patients did not receive all cycles of chemotherapy for different reasons which 

are summarized in Table 2. No grade III or IV haematological toxicity was observed. Results of 

radiotherapy and side effects of CCRT are also shown in Table 2. The mean V20 was 21.4% (range: 

6.0-34.0%). In 9 patients with persistent N2/N3 disease, additional radiotherapy up to 60 Gy was 

considered, except for one patient who had already received 65 Gy and one patient received 

concomitant radiotherapy up to 75 Gy (Table 2). In all patients who underwent radiotherapy up to 

60 Gy the median gap was 8 days (mean: 17 days, range 6-52 days). 

table 2. Treatment results and complications

Number of patients

Chemotherapy (n=42) 42

Patients receiving 6 cycles 36

Patients receiving less than six cycles:

Progression during chemotherapy

Fatal haemoptysis

Hepatic dysfunction

Fever of unknown origin

Change to other regimen because of cerebro-                                                               

Vascular accident

6

2

1†

1

1

1

Dose of adiotherapy (n=42)

Patients receiving 45 Gy:

42

30

CRT and operation                                 

 Unknown                                              

 Because of metastasis after CRT

Patients receiving up to 75 Gy (54-75 Gy): 

23

2

5

9

50 Gy*

54 Gy

58 Gy

60 Gy

65 Gy

75 Gy 

Patients receiving less than 45 Gy:

1

3

1

2

1

1

3

Fatal haemoptoe

Brain metastasis

Leptomeningeal metastasis      

1

1

1
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Side-effects after chemoradiation

Radiation pneumonitis grade II

Oesophagitis grade III

Skinrash grade II

5

1

3

1

Restaging procedures (n=34)

Mediastinoscopy

Remediastinoscopy

EUS

Surgical Exploration

TBNA

Transthoracal needle aspiration

34

16

2

8

1

6

1

Patients undergoing surgery (n=24)

Pneumonectomy

Right-sided/Left-sided

Sleeve lobectomy

Bilobectomy

Lobectomy

Explorative thoracotomy             

24

10

1 / 9

1

1

11

1

Complicatons after chemoradiation and surgery (n=19)

Major complications <30 days:

19

ARDS

Rethoracotomy: 

subcutaneous emphysema/Hemorrhage

Empyema

Minor complications < 30 days:

1†

1 / 1

1

12

AF

Upper airway infection

Pneumonia

Wound dehicense

Gastric hemorrhage

Major complications > 30 days:

5

1

4

1

1

Hypovolemic shock due to gastric hemorrhage 

Rethoracotomy

Pneumonia with persisting atelectassis

1†

1

1†

table 2. Continued
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response rate 

Forty-one patients were evaluable after CCRT. Radiological response rate after neo-adjuvant 

chemoradiotherapy is presented in Table 3. Nineteen patients had complete or partial radiological 

response (46%). Fourteen patients had stable disease (34%) and in 8 patients progressive disease 

(20%). 

Complications after chemoradiation (60 Gy) (n=1)

Minor complications > 30 days:

1

Radiation pneumonitis CTC-grade II 1

CRT: Concurrent chemo-radiotherapy
EUS: Esophageal ultrasonography
TBNA: Transbronchial needle aspiration
ARDS: Acute respiratory distress syndrome
* progression during radiotherapy
†: deceased
CTC: common toxicity criteria

table 3. Radiologic response after chemoradiation compared to mediastinal restaging and surgery

Radiological response Mediastinal restaging (path) Surgery

CR 3 (7%) 3 downstaging 2 R0, 1R2 (pN2)

PR 16 (39%) 12 downstaging 

1 persistent N2*

2 not performed

12 RO 

1 expl Tx (pN2)*

1 R0, 1 R2 (pN2)

SD 14 (34%) 7 mediastinal downstaging

(1 trachea carcinoma)

7 persistent N2

5 R0, 1R0 (resection margin +)

PD 8 (20%) 3 persistent N2

1 persistent N3 

 

* explorative thoracotomy

restaging 

Thirty-five (85%) patients underwent invasive restaging. Complete clearance of mediastinal disease 

was achieved in 56% (23/41). When downstaging was found at restaging, none of the patients 

showed persistent N2 disease during thoracotomy. Seven patients (49%) with radiologically stable 

disease (7/14) did have complete clearance of tumour in mediastinal lymph node metastases by 

invasive restaging and six of them proceeded to thoracotomy (Table 3). 
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Surgery and treatment-related complications 

The median time from the end of induction therapy to surgery was 27 days (range 10-43 days) 

in 24 patients. Results of surgical therapy are shown in Table 2 and Table 5. Histopathologically 

proven downstaging and a complete resection (R0 resection) were obtained in 20 patients (50%). 

One patient only underwent explorative thoracotomy still suffering from persisting N2 disease. Two 

patients were diagnosed with persistent N2-disease. One had a complete mediastinal response 

according to the PET-scan after CCRT and proceeded directly to thoracotomy. Although the second 

patient had mediastinal micrometastases at restaging, thoracotomy was still performed. The third 

patient, who did not undergo a R0 resection had positive resection margins. 

Four patients (10%) showed a pathological complete response after chemoradiation and surgery. 

Treatment-related complications are shown in Table 2. In-hospital (30 day) mortality was 4.2% 

(n=1). This patient underwent a right-sided pneumonectomy and developed acute respiratory 

distress syndrome three days after the operation and expired one day later. 

Survival 

By April 2010, 27 patients had died after a median follow-up of 28 months. The estimated median 

survival for the whole group was 60% at 1 year, 50% at 2 years and 30% at five years. Survival in 

responders treated with CCRT and surgery (n=24) or CCRT alone (n=18) is shown in Figure 1. At 

the time of this analysis (April 2010), 13 patients were still alive of whom 12 underwent CCRT and 

surgery. Eleven (11/21) patients in this group had a complete resection and show no signs of disease 

progression. 

Patterns of disease failure 

Patterns of disease failure are shown in Table 4. Local and distant failures after definite CCRT 

were observed in 6 and 1 patient(s), respectively, and after CCRT/resection in 1 and 8 patient(s) 

respectively (p=0.003).

table 4. Patterns of disease failure after resection/RT (n=32) p=0.003

Local failure

n

Distant failure 

n

Adjuvant Radiotherapy (n=9) 6 1

Surgery (n=23) 1 8
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DISCuSSIoN

Complete and partial responses, the primary end points of this study, were observed in 46% of 

patients. In addition, pathological clearance of malignant mediastinal disease was achieved in 23/41 

(56%) patients. No acute (non)-haematological toxicity was encountered and a low incidence of 

treatment-related pneumonitis was observed (2.4%) probably due to the constraints put on the 

V20 (median 20.4%).22 Esophagitis grade III was encountered in 3 patients (7%), the latter low 

figure is probably due to use of involved-field radiotherapy and gating techniques. These results are 

comparable to those obtained by Katayama et al. 27 using a similar treatment schedule. Although in 

their study the objective response rate induction therapy was numerically higher (73%), pathological 

downstaging of mediastinal lymph nodes was achieved in 59% of patients.27

In this study, 20 patients (49%) underwent a complete resection (R0) resection of whom 6 (15%) 

had stable disease as their best response to induction treatment. Several studies have shown 

that pathological response in mediastinal lymph nodes predicts prolonged survival.3,28-31 Albain 

 

figure 1. Survival in responders treated with chemoradiation and surgery (n=24) (dotted line) and in non-
downstaged patients who only received chemoradiation (n=18) (linear line) (p=0.024). 
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et al. published data on 126 patients with stage IIIA and IIIB NSCLC, treated with concurrent 

chemoradiation followed by surgery.31 In the patients that were resected, the strongest predictor for 

long-term survival was absence of mediastinal lymph node metastasis. Therefore, a careful selection 

of patients through accurate pathological restaging at completion of (induction) chemoradiation is 

critical, preferably by using restaging tools such as (re)mediastinoscopy, EUS-FNA, EBUS-FNA, VATS 

or thoracotomy. When downstaging is not established, adjuvant radical radiotherapy has to be 

continued at least up to 60 Gy, as this is standard treatment for patients with irresectable stage III 

NSCLC. Cerfolio et al. even proved that pulmonary resection is safe after concurrent chemoradiation 

with 60 Gy.32 Concurrent chemoradiation can induce extensive fibrosis and necrosis of the tumour 

and mediastinum at surgery.2 It follows that radiological response is not the optimal parameter by 

which to select patients for post-induction surgery as patients with radiologically stable disease 

may have complete clearance of mediastinal malignant disease, as was found in the study under 

discussion. 

The 30-day mortality in this study was 4.2%. The types of surgery and induction treatment used are 

the major determinants of morbidity and mortality. Pneumonectomy has been reported to have 

significant negative influence on survival.3,30 Three recent randomized studies observed a significant 

higher mortality after induction therapies followed by a pneumonectomy as compared to lesser 

resections.2-4 Therefore several authors advocate against pneumonectomies after pre-operative 

chemoradiotherapy.2-4

In this study, approximately 58% of the patients with a (curative) resection (R0) were alive after 46 

months compared to less than 10% of the patients without resection (p=0.001). Katayama et al. 

reported comparable results.27 With a median follow-up of 32 months, the 3-year overall survival 

rate was 66% and 93% in 14 patients achieving pathological mediastinal downstaging.27

No adjuvant chemotherapy was administered in this study. The GLCCG trial and the Intergroup trial 

0139 both used some form of consolidation chemotherapy.2,4 Following the report by Hanna et al.33 

that showed no difference in survival between patients that received adjuvant chemotherapy as 

compared to those that did not, in this study it was decided to omit consolidation chemotherapy. 

Two phase III trials have been conducted in the last decade that investigated the role of preoperative 

chemoradiation. In the GLCCG trial, surgery preceded by chemoradiation in addition to preoperative 

chemotherapy, or chemotherapy alone failed to show significant differences in progression free 

survival or overall survival between the treatment groups.4 In the Intergroup trial 0139,2 CCRT 

followed by surgery vs. CCRT, did not show a difference in its primary endpoint (overall survival). 

There was an absolute 5-year survival benefit of 7% for the surgery arm, although this did not achieve 
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conventional statistical difference.2 After 5 years, more patients were alive without progression in 

the CCRT with surgery arm, but more patients died without progression in the CCRT with surgery 

arm.2

The trial of Albain et al. provides clear arguments in favour of surgery in well-selected subsets of 

patients. Surgery can improve survival in patients in whom a complete resection (R0) is possible 

after chemoradiation with less extensive resection (lobectomy, sleeve-lobectomy). To improve this 

strategy it is important to investigate less toxic chemoradiation scedules to reduce complications 

after surgery. 

It can be concluded that although weekly docetaxel/cisplatin with concurrent radiotherapy in stage 

III NSCLC results in a radiological response rate of 46% and mediastinal downstaging in 56% of 

patients, complete resection in downstaged patients was achieved in 49%. This induction regimen is 

feasible with limited toxicity and seems to be effective in stage III NSCLC.
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table 5. Clinical TNM classification and pathological TNM classification after  operation.

cTNM Invasive 
staging
cN/cT4

cTNM after 
CRT

Radiologic 
response

Restaging
уcN

After 
operation

Deceased (†)
Pneumo- (Ю)
nectomy

1 cT4N2 cT4/cN2 cT2N0 PR уcN0 pT2N1Mx          Ю

2 cT2N2 cN2 cTxN0 SD уcN0 pT3N0mx †

3 cT2N2 cN2 cT2Nx PR уcN0 pTxN0M          Ю

4 cT2N2 cN2 cT2N0Mx PR уcN0 pTxN0Mx          Ю

5 cT2N2 cN2 cT2Nx SD уcN0 pT3N1M0 †,      Ю

6 cTxN2 cN2 cT2N2 SD уcN2

7 cT4N2 N.E. cT4N2 SD уcN2 †

8 cT2N2 cN2 cT2N2 SD уcN2 †

9 cT1N3 cN3 cT1N0 PR уcN0 pT1N0Mx

10 cT2N2 cN2 cT4N2 PD N.E. †

11 cT4N0 N.E. cT4N0 PR уcN0 pTxN0Mx

12 cT4N0 N.E. cT4N0 SD уcN0 pTxN0Mx †

13 cT4N2 cT4 cT2N0 PR уcN0 pT2N0Mx †,      Ю

14 cT4N2 N.V. cT4Nx PR уcN0 †

15 cT4N2 N.V. cT4N0 SD уcN0 †

16 cT3N2 †

17 cT4N2 cT4/cN2 cT4N0 SD уcN0 pT2N0Mx

18 cT2N2 cN2 cT1N0 PR Уc0 PT0N0Mx

19 cT2N2 cN2 cT0N0 CR уcN2 pT1N2Mx

20 cT4N0 N.E. cT4N0 SD уcN0 pT1N0Mx          Ю

21 cT4N2 N.E. cT4N2 SD уcN0 pT3N0Mx †

22 cT3N2 cN2 cT3N2 PD уcN2 †

23 cT2N2 cN2 cT1N1 PR N.E. pT1N1Mx †

24 cT2N2 cN2 cT2N2M1 PD N.E. †

25 cT2N2 cN2 cT2N2 SD уcN3

26 cT2N2 cN2 cT1N0 PR N.V. pT1N2Mx

27 cT3N2 cN2 cT2N2 PR уcN0 pT2N0Mx †,      Ю

28 cT2N2 cN2 cT1N0 PR уcN0 pT1N1Mx

29 cT2N2 cN2 cT1N0 PR уcN0 pT1N0Mx

30 cT4N0 N.E. cT3N0 PR N.E. pT0N0Mx

31 cT2N2 cN2 cT2N2M1 PD N.E. †

32* cT2N2 cN2 cT1N2Mx PR уcN2 pTxN2Mx †

33 cT1N3 cN3 cT1N3M1 PD уcN3

34 cT2N2 cN2 cT0N0Mx CR уcN0 pT0N0Mx          Ю
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cTNM Invasive 
staging
cN/cT4

cTNM after 
CRT

Radiologic 
response

Restaging
уcN

After 
operation

Deceased (†)
Pneumo- (Ю)
nectomy

35 cT2N2 cN2 cT2N2MX PD уcN2 †

36 cT2N2 cN2 cT0N0Mx CR уcN0 pT0N0Mx          Ю

37 cT3N2 cN2 cT3N0Mx PR уcN0 pT3N0Mx †,      Ю 

38 cT2N2 cN2 cT2N2Mx SD уcN2          

39 cT2N3 cN3 cT1N2/3 SD уcN2 †

40 cT4N2 N.E. cT4N2M1 PD уcN2 †

41 cT4N2 cT4 cT4N2M1 PD уcN2 †

42 cT4N2 N.E. cT4N2Mx SD уcN2 †

*: explorative thoracotomy
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AbStrACt
background

The role of surgery after neo-adjuvant chemotherapy in patients with stage IIIB non-small cell lung 

cancer (NSCLC) remains unclear. 

Methods

A prospective multicentre trial of neo-adjuvant chemotherapy followed by surgery and/or 

radiotherapy in 41 patients with stage IIIB NSCLC. Endpoints were toxicity, response, downstaging, 

complete resectability and survival.  The diagnostic value of repeat mediastinoscopy after neo-

adjuvant chemotherapy (three courses of gemcitabine/cisplatin) was also studied. 

results

Response rate after neo-adjuvant chemotherapy was 66% (27/41). 15 patients underwent repeat 

mediastinoscopy, which proved to be inadequate in six patients. Two repeat mediastinoscopies 

were false negative. Resection was performed in 18 patients, of which ten proved to be radical. 

Hospital mortality was 2.4% (n=1). Major complications occurred in six patients (fistula, empyema, 

hemorrhage). Histopathologically proven downstaging was seen in 16 patients (39%). Twenty-five 

patients underwent radiotherapy of which 14 were diagnosed with stable/progressive disease and 9 

patients with partial/complete response. Median survival for all patients was 15.1 months, for non-

responders 8.4 months and for responders 16.8 months (p=0.11).  Patients with partial/complete 

response had a mean survival of 21.5 months after resection, and 13.0 months after radiotherapy 

(p=0.0003).

Conclusion

Radical surgery can be performed in 37% (10/27) of the responders, resulting in a prolonged survival. 

Surgery as part of combined modality treatment is feasible in stage IIIB NSCLC. Results of a repeat 

mediastinoscopy are disappointing and proved to be a not so effective restaging tool, because of the 

high number of incomplete procedures and the fact that it yields false negative results.  
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INtroDuCtIoN

At presentation, 25 to 35% of all patients with non-small cell lung cancer (NSCLC) have tumours that 

have not yet metastasized systemically. However these tumours are locally too advanced to allow 

complete resection. Even though it could not cure the majority of patients, radiotherapy used to be 

the standard treatment in locally unresectable tumours.1 

Recently, multimodality treatment has become the standard therapy used for these patients.2 In 

combined modality treatment, the main goal of chemotherapy is to eradicate micrometastases, 

mediastinal lymph node metastases, and to diminish the size of the primary tumour. 

So far, most clinical trials of neo-adjuvant chemotherapy followed by surgery and/or radiotherapy 

have focused on patients with stage IIIA N2 disease.3 In this group, neo-adjuvant chemotherapy 

did achieve improved survival. However, the role of surgery after neo-adjuvant chemotherapy in 

patients with stage IIIB disease, remains unclear.

In this prospective phase II multicentre trial, we evaluated the role of surgery after neo-adjuvant 

chemotherapy in patients with stage IIIB NSCLC. The diagnostic value of repeat mediastinoscopy 

after neo-adjuvant chemotherapy for mediastinal staging was also analysed.

MethoDS
Patients

All patients with stage IIIB NSCLC were eligible: patients were staged as IIIB because of contralateral 

mediastinal lymph node metastases, or invasion of the mediastinum, heart, great vessels, trachea, 

esophagus, vertebral body or carina. N3 nodes, or T4 primary lesions were confirmed either by 

means of cervical mediastinoscopy, thoracotomy or by anterior mediastinotomy. Further eligibility 

criteria included an ECOG performance status of 0 or 1; platelet count 100 x 109/L; leukocyte 

count 3 x 109/L; normal liver and renal functions; uni- or bidimensionally measurable disease; no 

active infections; no pregnancy or lactation; no other malignancies except carcinoma in situ of the 

cervix and/or basal cell carcinoma of the skin and no malignant pleural effusion and/or positive 

supraclavicular lymph nodes. Staging procedures included routine blood tests, thoracic computed 

tomography, ultrasound of the upper abdomen, bronchoscopy, mediastinoscopy, and pulmonary 

function tests. Computed tomography of the brain and bone scintigraphy were performed only in 

case of clinical suspicion of metastatic disease. 

The study has been approved by the ethical committee in all participating centres. All patients 

were entered after written consent had been obtained. Multimodality treatment consisted of neo-

adjuvant chemotherapy, which was followed by surgery and/or radiotherapy.
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Chemotherapy

Neo-adjuvant chemotherapy consisted of three cycles of gemcitabine and cisplatin. Gemcitabine 

was administered on a weekly basis on days 1, 8 and 15 at a dose of 1000 mg/m2 (intravenously 

over 30 minutes) for three weeks followed by a one week rest throughout 28-day cycles. Cisplatin 

100mg/m2 (intravenously over four hours) was administered on day two of each 28-day course. 

Dose escalations were not allowed during this study. Treatment was stopped in those cases were the 

disease progressed or unacceptable toxicity occurred. A complete blood cell count and differential 

cell count, serum electrolytes, renal and liver function were assessed on day 1, 8, 15 of each cycle. 

Doses for both gemcitabine and cisplatin were reduced to 75% if the leukocyte count was 2.0 to 2.9 

x 109/L and/or platelet count was 50 to 99 x 109/L. Chemotherapy was not given when the leukocyte 

count was less than 2.0 x 109/L, and/or the platelet count less than 50 x 109/L. The cisplatin dose was 

reduced to 50% if patients showed peripheral neurotoxicity grade 2. Cisplatin was omitted in case 

of peripheral neurotoxicity grade 3-4. The dose of cisplatin was reduced to 50% when the creatinine 

clearance was 40-60 ml/min. Cisplatin was not given in patients with a creatinine clearance less than 

40 ml/min. 

tumour assessment

Response to neo-adjuvant chemotherapy was assessed after three cycles of chemotherapy. 

Restaging procedures included routine blood tests and thoracic computed tomography (CT). Other 

investigations were performed on indication.  

Complete response, throughout this study, was defined as the complete disappearance of all 

evidence of malignant disease as assessed by CT. Partial response was defined as at least 50% 

reduction in the product of the two largest perpendicular diameters in bidimensional measurable 

disease, or at least a 30% reduction of the largest diameter in unidimensional disease. Progressive 

disease was defined as at least a 25% increase of the product of the two largest perpendicular 

diameters in bidimensional measurable disease, or the largest diameter in unidimensional disease, 

or appearance of any new lesion not previously identified. All other patients were considered to 

have stable disease. 

Surgery/ radiotherapy

Repeat mediastinoscopy was performed if mediastinal lymph node metastases were present 

at diagnosis in patients with complete or partial response. Biopsies were taken at five different 

levels  (Naruke numbers: 2 right and left, 4 right and left, and 7). In case repeat mediastinoscopy 

showed no mediastinal lymph node metastases, surgical exploration was performed, within four to 

five weeks after finishing chemotherapy. A pneumonectomy was performed in those cases where 
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the tumour was located in the lower or middle lobe. In case the tumour was located in the upper 

lobe, a lobectomy was conducted. Postoperative radiotherapy was given at a dose of 5640 cGy 

when: 1) resection margins were not free at histopathology; 2) the tumour was not resectable, or 3) 

ipsilateral mediastinal lymph nodes were found to be positive.  

In cases where repeat mediastinoscopy showed mediastinal lymph node metastasis. Patients were 

treated with radiotherapy alone at a dose of 5640 cGy with daily fractions of 235 cGy if only ipsilateral 

nodes were positive. Patients were treated at a dose of 3900 cGy in 13 fractions if contralateral 

nodes were involved. Follow-up visits were executed every three months.

StAtIStICS

Survival was estimated from the date of inclusion, using the Kaplan-Meier survival analysis method.4 

Survival comparisons were analyzed by means of the log rank test.5 The difference was considered 

statistically significant when the p value was less than 0.05.

The Follow-up was complete as of February 1, 2002. Follow-up data were obtained from hospital 

files and from questionnaires to referring pulmonary physicians and general practitioners. 

reSuLtS

From January 1997 until September 1999, 41 patients with stage IIIB NSCLC were entered into this 

trial. Ages ranged from 39 to 73.6 years with a mean of 60.5 years. Thirty-one patients were male. 

Twenty-six tumours were located on the right side. Cervical mediastinoscopy proved to be positive 

in 29 patients (70.7 %). In this group, eight patients showed positive N2 nodes and 21 positive N3 

nodes. Clinical TNM classification is shown in Table 1. The histologic diagnosis was adenocarcinoma 

in 17 patients (41.5 %), squamous cell carcinoma in 15 patients (36.6 %) and large cell carcinoma in 

nine patients (21.9 %).

 table 1. Clinical TNM classification

CTNM All patients (n=41)

cT2N3 12

cT3N3 4

cT4N0 12

cT4N2 8

cT4N3 5
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Induction chemotherapy and response

Thirty-seven patients (90%) received three cycles of gemcitabine and cisplatin. Four patients did not 

continue treatment after two cycles of chemotherapy because they developed either asthenia (n=3) 

or microangiopathy with progressive disease (n=1). In all four cases early evaluation took place. The 

patients were further treated with radiotherapy.

The radiologic response to neo-adjuvant chemotherapy is presented in Table 2. The response rate 

after neo-adjuvant chemotherapy was 66% (27/41). Two patients showed a complete response.

table 2. Response after induction chemotherapy

Response All patients (n=41)

Complete response 2

Partial response 25

Stable disease 7

Progressive disease 7

Surgical treatment and radiotherapy

Repeat mediastinoscopy was performed on 15 patients without complications. The results are 

shown in Table 3. Either no, or incomplete biopsies were performed in six patients (40 %), due to 

fibrosis and/or adhesions.  Out of all patients with an adequate repeat mediastinoscopy (n=9), two 

had positive nodes. Seven biopsies showed negative results.  In two patients (28.6%), this result 

proved to be false negative at thoracotomy. Surgical procedures are shown in Table 4.

table 3. Results of repeat mediastinoscopy (n=15)

T4N0 T4N2 T1-3N3 T4N3 Total

repeat mediastinoscopy 1 1 6 1 9

no repeat mediastinoscopy 8 2* 1 1 12

inadequate 2 3 1 6

total 9 5 10 3 27

* At presentation mediastinal lymph node metastates in aortic pulmonary window (naruke no. 5)

Surgical pathology for each subset of clinically staged patients is shown in Table 5. Histopathological 

downstaging was proven in 16 patients (39.0%). 
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Twenty-five patients (61%) received radiotherapy, 14 patients with stable, or progressive disease 

(3900 cGy) and nine patients with partial response (3900-5640 cGy). In the latter group, three 

patients underwent a positive repeat mediastinoscopy, two patients continued to have a T4 tumour 

at thoracotomy and one patient showed progression of the tumour before surgery. Resection was 

not possible due to insufficient predicted postoperative pulmonary function in two patients. One 

patient showed a suspect lesion on bone-scintigraphy, although metastatic disease could not be 

proven histologically. This patient was treated with radiotherapy in stead of surgery, as there was 

suspicion of bone metastases. Treatment of the responders in relation to clinical TNM classification 

is shown in Table 6.

table 4. Results of surgery (n=20)

Group No. of patients Types of Resection No. of patients

Resection 18 Pneumonectomy 7

Sleeve pneumonectomy 1

Bilobectomy 1

Lobectomy 7

Lobectomy and chest wall resection 1

Sleeve lobectomy 1

 Complete resection 10

Unresectable 2

table 5. Histopathologically proven downstaging (n=16)

CTNM No. of Patients RpTNM No. of patients

cT2N3 6 RpT0N0 1

RpT0N1 1

RpT1N2 1

RpT2N0 1

RpT2N2 2

cT3N3 3 RpT1N1 1

RpT3N0 2

cT4N0 5 RpT0N0 1

RpT1N1 1

RpT2N0 2

RpT2N1 1

cT4N2 1 RpT3N1 1

cT4N3 1 RpT4N2 1
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treatment-related complications

Hospital mortality was 2.4% (n=1). The patient underwent a complete, intrapericardial 

pneumonectomy without complications. Two days after discharge from the hospital this patient 

was admitted with a septic shock due to purulent pericarditis, and an empyema without fistula. 

The patient passed away two days later. Other complications occurred in six patients. Three had 

a bronchopleural fistula with empyema after pneumonectomy.  In two patients the resection was 

incomplete because of residual tumour at the bronchial stump. Hemorrhage occurred in three 

other patients, which needed rethoracotomy in two.

Survival

After a median follow-up of 46 months, 36 patients had died. The estimated median survival for the 

whole group was 15.1 months [95% Confidence Interval=11.2-19.1] with an estimated one-year, a 

two-year survival and a three-year survival of  60%, 25% and 15% (Figure 1). 

table 6. Treatment of responders in relation to cTNM

Treatment cT2-3N3 cT4N0-2 cT4N3 Total

Surgery 9 8 1 18

Radiotherapy 1 6 2 9

Total 10 14 3 27

 

figure 1. Median survival in all patients (n=41) (cum = cumulative)  
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Response was found in 27 patients with a median survival of 16.8 months [95% Confidence 

Interval=12.7-20.8]. The remaining 14 patients had stable, or progressive disease with a median 

survival of 8.4 months [95% Confidence Interval=6.9-10.0] (p=0.11) (Figure 2).

 

figure 2. Median survival in patients with stable/progressive disease (n=14) (dotted line) and patients with 
complete/partial response (n=27) (linear line) (cum = cumulative)

Patients with partial or complete response had a median survival of 21.5 months [95% Confidence 

Interval=7.75-35.2] if resection was done, and 13.0 months [95% Confidence Interval=7.7-18.3] 

when treated with radiotherapy (p=0.0003) (Figure 3). From the 10 with a complete resection, 

five are still alive. One of these patients had radiotherapy because of local recurrence, the other 

four patients have no disease activity. Five patients died after complete resection: one due to the 

complications of the operation, two with local recurrence and two with distant metastases. 

Patients with T4N0 disease (12/41) had a median survival of 15.1 months [95% Confidence 

Interval=12.1-18.1] versus a median survival of N2/N3 disease (29/41) of 14.6 months [95% 

Confidence Interval=10.3-19.00] for the whole group. There is no significant difference in median 

survival between the T4N0 group and the N2/N3 group (p=0.46).  In the group of patients with 

partial or complete response (27/41), patients with T4N0 disease (8/41) had a median survival of 

15.1 months [95% Confidence Interval=12.7-17.6] versus a median survival of the N2/N3 group 
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(19/41) of 17.5 months [95% Confidence Interval=13.3-21.8]. Again there is no significant difference 

between the T4N0 group and the N2/N3 group in the group of patients with partial of complete 

response (p=0.99).

Distant metastases developed in eight of 27 patients with complete or partial response (29.6%). 

Brain metastases occurred in six (22.2%). Eight patients had local recurrence (29.6%). Two patients 

had combined local and distant recurrence (7.4%).

CoMMeNt

Surgery is the treatment of choice in patients with NSCLC but resectability is closely related to the 

stage of the disease.6 Whereas stage I and II tumours are considered to be resectable, the role of 

surgery for stage IIIB NSCLC remains controversial.7 In the series of Mountain 5-year survival is 6% 

for clinical T4 and 3% for N3 disease.8 Death of patients with stage III NSCLC is more often caused 

by distant metastases rather than local disease, and patients are rarely cured with local treatment 

modalities alone. Therefore, multimodality treatment has surfaced as the treatment of choice in a 

selected group of patients with stage III NSCLC.2,9 However, it is still unclear which treatment modality 

(surgery and/or radiotherapy) will result in prolonged survival after neo-adjuvant chemotherapy. 

 

figure 3. Median survival in responders treated with surgery (n=18) (linear line) or radiotherapy (n=9) (dotted 
line) (cum = cumulative)
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Over the years, the optimal chemotherapy has proved hard to define. Meta-analyses has indicated 

that the chance of survival increases when a platinum-based regimen is being used.9,11 Numerous 

combinations of cisplatin and older drugs have been used with no single mix emerging as the 

superior combination. Although several single-agents have been producing response rates of 15 

to 20%, combination chemotherapy is still considered the standard of care.12  The combination of 

cisplatin and gemcitabine has shown significant activity in advanced non-small cell lung cancer with 

high response rates of up to 70% in several phase II studies.13

The optimal duration of induction chemotherapy remains controversial als well. The ASCO 

guidelines proposed a duration of 2 to 8 cycles.2 Crino et al.,14 who studied the gemcitabine/cisplatin 

regimen as induction chemotherapy in 42 patients with stage IIIA (n=11) and IIIB (n=31), achieved 

an overall response rate of 62%. Complete resection could be achieved in 10 patients, with tumour 

downstaging in nine. Similar results have been reported by Van Kooten15 and Abratt.16

Our study showed a response rate of 66% after induction chemotherapy. Two patients responded 

completely. Albain et al., found in their research an even higher response rate, when using a 

trimodality approach of concurrent chemotherapy and irradiation followed by surgery in patients 

with stage IIIA and IIIB NSCLC. Resectability in their case was 80% for the entire IIIB group.17

In the past, repeat mediastinoscopy has been considered to be contra-indicated, as it was perceived 

to be too hazardous to dissect the scarred mediastinum.18 Between 1976 and 1990, 140 patients 

underwent repeat mediastinoscopy in our hospital as a routine staging procedure. No mortality 

occured. Sensitivity was 74%, and accuracy 94%.19

Mediastinal structures become differently affected after neo-adjuvant chemotherapy. The cytotoxic 

drugs change the normal inflammatory response and adhesions. Additionally nodal tissue can be 

seriously distorted. During our research, the 15 patients who underwent repeat mediastinoscopy, 

did not show complications, such as described by Pauwels et al., and Mateu-Navarro et al.20,21 

However, 40 % remained incomplete due to fibrosis and adhesions. Beside that, two out of seven 

proved to be false negative.  Comparable figures were reported by Pauwels et al. (25%), and Mateu-

Navarro et al. (40%).20,21 Hence, this paper argues that repeat mediastionoscopy after neo-adjuvant 

chemotherapy is a not the most effective restaging tool. The promising results of PET-scanning in 

staging NSCLC22,23 make it an attractive alternative in selecting patients with negative mediastinal 

lymph nodes after neo-adjuvant chemotherapy. A prospective pilot study of FDG-PET-scan after neo-

adjuvant chemotherapy in stage IIIA NSCLC of Vansteenkiste et al. showed an accuracy of 100%.22
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In this study a thoracotomy was performed on 20 patients. In two cases the tumour proved to be 

unresectable. Although eight patients underwent a pneumonectomy, hospital mortality was low 

(2.4%). Complications occurred in six patients, four of them underwent a pneumonectomy. Three 

patients suffered from a hemorrhage and three from a bronchopleural fistula with an empyema. A 

complete resection was performed in ten responders (24.4%). Survival in this group was better than 

survival amongst patients with a stable or progressive disease. However, this difference was not 

significant. For all responders, survival proved significantly better amongst patients who underwent 

surgery as opposed patients treated with radiotherapy.

The brain is a major site of distant metastases.17 In this study, six responders developed brain 

metastases (22.2%). Few studies have routinely used prophylactic cranial irradiation. Eberhardt et 

al. did not perform a randomized investigation of prophylactic cranial irradiation in their study, but 

the overall brain relapse was remarkably reduced in the group that received prophylactic cranial 

irradiation, even though no impact on survival was noted. Large prospective randomized studies are 

necessary to evaluate the role of prophylactic cranial irradiation.24

In conclusion: these data show that radical surgery can be performed in 37% (10/27) of the 

responders resulting in prolonged survival.  Surgery as part of combined modality treatment is 

feasible in stage IIIB NSCLC. Results of repeat mediastinoscopy are disappointing and proved to be 

a not so effective restaging tool because of the high number of incomplete procedures and the fact 

that it yields false negative results.  
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AbStrACt 
Purpose of review

Combined modality treatment is nowadays the standard of care in stage III non-small cell lung 

cancer, but the overall survival is still poor. Therefore, the challenge for clinicians is to optimize 

the combination of the treatment modalities. The review will focus on bimodality and trimodality 

approaches in stage III nonsmall cell lung cancer. Although the role of surgical resection in combined 

modality treatment is unclear, surgery will be discussed as a potential part of the treatment 

approach.

Recent findings

Concurrent chemoradiotherapy has proven to be more effective than chemotherapy followed by 

radiotherapy. Full-dose consolidation chemotherapy after concurrent chemoradiation showed an 

improvement of survival in some studies. Consolidation chemotherapy is, however, difficult to 

administer owing to its toxicity in these complex regimens. Both the Eastern Cooperative Oncology 

Group and the Radiation Therapy Oncology Group showed similar survival after surgery compared to 

sequential or concurrent chemoradiotherapy; however, pneumonectomies and residual malignant 

mediastinal disease after induction treatment had a negative impact on survival.

Summary

Concurrent chemoradiotherapy in combination with full-dose chemotherapy should be the standard 

of care for non-small cell lung cancer IIIA/B. Surgery is still experimental, but seems promising for 

certain subgroups of patients. More research has to be done in optimizing radiotherapy schedules 

and chemotherapy schemes in order to minimize toxicity. Novel therapeutics have to be introduced 

in the combined modality approach of stage III non-small cell lung cancer.
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INtroDuCtIoN 

Lung cancer is one of the most lethal cancers throughout the world, due to its high incidence and 

mortality. The incidence of lung cancer is rising each year by 0.5% resulting in 1.04 million new 

patients each year worldwide. 

Approximately 85% of the patients diagnosed with lung cancer are diagnosed with non-small cell 

lung cancer (NSCLC).1 The overall survival of NSCLC remains poor and has not changed much over 

the last three decades. The overall 5-years survival is nowadays around 13% in de western world. 

This is caused by the fact that the fast majority of lung cancer patients are diagnosed in advanced 

stages. Only 20% of patients with NSCLC are candidates for surgery at presentation. About one 

third of the patients with NSCLC have stage III disease at presentation.2 Stage III is a heterogeneous 

group of patients, ranging from patients with potentially resectable disease with chest wall invasion 

and hilar lymph node metastases (T3N1), patients with mediastinal invasion of the primary tumour 

into the medastinum (T4) to patients with unresectable disease due to mediastinal lymph node 

metastases (N2 and N3), supraclavicular lymph node metastases or malignant pleural effusion. 

Most patients with supraclavicular lymph node metastases and all patients with malignant pleural 

effusion are incurable with an infaust prognosis. Treatment of these patients will not be discussed 

in this review.

The optimal management in patients with stage III NSCLC is still unclear. Standard of care for this 

group of patients is a combination of chemotherapy and radiation, often referred to as combined 

modality treatment.3 The American Society of Clinical Oncology (ASCO) guidelines stated that 

combined modality treatment should exist of 2-4 cycles of platinum based chemotherapy and 

patients should receive no less than the biological equivalent of 60 Gy of radiation in 1.8 to 2 Gy 

fractions.3

Here, we will discus the role of radiation, chemotherapy, and surgery in the treatment of stage III 

NSCLC, with emphasis on optimal timing of each treatment modality.

rADIotherAPy

Historically, inoperable patients with stage III NSCLC were treated with thoracic radiotherapy. This 

treatment resulted in a median survival of 9-11 months with a 2-year survival of 10-20% and a 

3-year survival of 5-10%.4 Some improvement of survival was seen when overall treatment time 

was shortened by using continuous hyper fractionated accelerated radiotherapy (CHART), resulting 

in an absolute improvement in 2-year survival of 9% from 20% to 29%.5 The authors suggested 

that further improvement may be achieved with dose escalation in conformal radiotherapy, by 

the addition of cytotoxic chemotherapy, and by hypoxic cell radio sensitisation. However, in a 
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prospective study of thoracic radiotherapy versus chemotherapy and/or radiotherapy, no clinically 

meaningful survival advantage with immediate thoracic irradiation, could be demonstrated, even 

when modern megavoltage radiation therapy techniques and equipment were used.6

A meta-analysis from 52 randomised trials including 9378 patients and evaluating the effect of  

chemotherapy on survival in patients NSCLC was published in 1995.7 Trials in the period from 1968 

to 1989 concerning radiotherapy versus radiotherapy plus chemotherapy were analysed in locally 

advanced disease. Clinical studies using cisplatin based chemotherapy provided the strongest 

evidence for an effect in favour of the combination of chemotherapy and radiotherapy resulting in 

13% reduction in the risk of death or absolute survival benefits of 4% (95% confidence interval 1% 

to 7%) at two years and 2% (1% to 4%) at five years. 

NeoADjuVANt CheMotherAPy

Most patients (68-74%) with stage III NSCLC will develop recurrence of the tumour without any 

treatment. Approximately 75% of the patients will die of the local disease in the chest.8 It is known 

that occult metastases are present in mediastinal lymph nodes and bone marrow in patients with 

early stages of NSCLC.9,10 The addition of cytostatic drugs to the locoregional treatment of NSCLC 

is a logic step in trying to improve the prognosis of the patients. In theory there are many reasons 

to give chemotherapy first as an induction treatment to the definitive locoregional treatment. 

Chemotherapy eradicates micro-metastases that might be responsible for systemic recurrence after 

locoregional therapy and it acts synergistically with thoracic radiation. In the neo-adjuvant setting, 

the tolerance to chemotherapy is acceptable resulting in better compliance than when given as 

adjuvant therapy. Tumour response can be recorded and therefore resistance to chemotherapy can 

be detected early. The chance of tumour response to neo-adjuvant chemotherapy may be better 

because the blood supply of the tumour is still intact and the tumour size is limited.

CoMbININg CheMotherAPy AND rADIotherAPy

Several phase III trials of chemotherapy followed by radiotherapy were published in the early 

1990s (Table 1).11,12,13 Since the publication of the meta-analysis of the Non-Small Cell Lung Cancer 

Collaborative Group in 1995,7 five other meta-analysis have compared radiotherapy alone with 

radiotherapy combined with chemotherapy, particularly platinum-based.7,14-17 All meta-analyses 

were in favour for the combined modality arm of radiotherapy and chemotherapy. The absolute 

improvement in survival was small but considered to be clinically relevant. The gain in 2 and 5 

year survival was 4% and 2%. It was, however, impossible to draw conclusions in order to select 

the best schedule because a heterogeneous group of chemotherapy and radiotherapy was studied. 

The results of these meta-analysis led to the publication of guidelines, like the clinical practice 
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guidelines for the treatment of unresectable NSCLC, published in 1997 and updated in 2003.2,18 In 

these guidelines, chemotherapy and radiation was recommended in unresectable stage III NSCLC 

patients with good performance status (ECOG 0, 1 and possibly 2).

table 1. Phase III trials of neoadjuvant chemotherapy followed by radiotherapy for stage III NSCLC

Trial No. patients Regimen Outcome

CALGB11 
8433

155 PViRT(60Gy) vs RT(60Gy) Median survival: CRT 13.8 mo; RT: 9.7 mo 
(p=0.0066)
3-year-survival: CRT: 23%, RT: 10%, 
(p=0.012)
7-year-survival: CRT: 13%, RT: 6%, 
(p=0.012) 

RTOG12

ECOG
SWOG

452 PViRT(60Gy) vs RT(60Gy) vs 
HF-x-RT(69.6Gy)

Median survival: CRT: 13.2 mo, RT: 11.4 
mo (p=0.04), HF-x-RT: 12 mo (ns)
3-year-survival: CRT: 17%, RT: 11%, HF-x-
RT: 14%
5-year-survival: CRT: 8%, RT: 5% (p=0.04), 
HF-x-RT: 6% (NS)

Le Chevalier13 353 ViPC*3RT(65Gy)ViPC*3 
vs RT(65Gy)

3-year survival: CTRTCT: 12%, RT: 4% 
(p=0.04)

CALGB: Cancer and Leukemia Group B
RTOG: Radiation Therapy Oncology Group
ECOG: Eastern Cooperative Oncology Group
SWOG: Southwest Oncology Group
P: cisplatin
Vi: Vinblastine
L: Lomustine
C: cyclophosphamide
RT: Radiotherapy
CRT: Chemoradiotherapy
CT: Chemotherapy
HF-x-RT: hyperfractionated radiotherapy
NS: not significant

SequeNCINg of CheMotherAPy AND rADIotherAPy.

Several phase III trials summarized in Table 2, have compared concurrent chemoradiotherapy with 

sequential chemoradiotherapy.19,20,21,22 All phase III trials showed a significant survival benefit, with 

longer median survival and long-term survival, in favour of the concurrent approach, except for 

the trial of Pierre et al.21 The increased toxicity seen in these trials has been a higher rate of grade 

3 and 4 esophagitis. A few comments can be made about these phase III trials. Furuse et al., also 
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confirmed a survival benefit after treatment with concurrent chemoradiotherapy, however in the 

concurrent chemoradiation arm more post-protocol chemotherapy was administered.19 In the 

RTOG study 9410 the survival advantage was specific for the concurrent treatment with once daily 

radiotherapy but not with twice-daily radiotherapy.17 The study by Zatloukal was not well balanced 

at the expense of the sequential arm.22 

table 2. Phase III trial s of concurrent vs sequential chemoradiotherapy in stage III NSCLC

Study No. 
patients

Regimen Outcome

Furuse et al.19 320 PVdM +RT(56Gy 
split course)
 vs PVdMRT(56Gy; 
continuous)

Median survival: concurrent 16.6 mo; sequential: 
13.3 mo (p=0.03998)
2-year survival: concurrent 34.6%; sequential: 27.4%
5-year survival: concurrent: 15.8%; sequential: 8.9%

RTOG 941020 610 PviRt(60Gy) 
vs PVi + RT(60Gy)
vs HF-x-RT(69.6Gy)

Median survival: sequential: 14.6 mo; concurrent 
(dialy RT): 17 mo (p=0.046)
concurrent HF-x-RT: 15.6 mo (NS)
4-year survival: sequential: 12%; 
concurrent (daily RT); 21% (p=0.046)
concurrent HF-x-RT: 17% (p=NS)

GLOT-GFPC21

NPC 95-01
212 PE +RT(66Gy)PN

vs PNRT(66 Gy)
Median survival: sequential: 13.8 mo;
concurrent: 15 mo (NS)
2-year  survival: sequential: 23%; concurrent: 35% 
(NS)

Zatloukal et al.22 102 PN + RT(60Gy)
vs PNRT(60gy)

Median survival: sequential: 12.9 mo; concurrent: 
16.6 mo (p=0.023)
3-year survival: sequential 9.5%; 
concurrent: 18.6% 

RTOG: Radiation Therapy Oncology Group
P: cisplatin
E: etoposide
Vi: Vinblastine
Vd: Vindesine
M: Mitomycin
N: vinorelbine
Mo: months
RT: Radiotherapy
HF-x-RT: hyperfractionated radiotherapy  
NS: not significant

In a recent review concerning chemoradiotherapy in inoperable stage III NSCLC, it was concluded 

that 5 year survival has increased from about 7% for radiotherapy alone to 10% for sequential and 

about 15% for concurrent chemoradiation. The concurrent approach resulted in significant more 
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grade 3 or 4 esophagitis.23 Auperin et al. conducted recently a meta-analysis reviewing 12 trials 

with 1921 patients concerning concomitant radio-chemotherapy based on platin compounds. They 

concluded that the addition of platin compound chemotherapy to radiation improved survival with 

an absolute benefit of 4% at 2 years (p=0.02). The combination of cisplatin with etoposide seemed 

more effective than cisplatin alone.24

The waiting time seems to be of crucial importance in the sequential approach. The growth rate 

of lung tumours after induction chemotherapy is about twice that of non-treated tumours. This 

indicates that additional locoregional therapy deals with a rapidly proliferating tumour and that 

delay in starting radiotherapy after chemotherapy should be as short as possible.25

oPtIMIzINg CheMorADIAtIoN

Neoadjuvant or consolidation chemotherapy can be given in order to reduce the change of 

systemic recurrence. These treatment modalities were studied in a randomized phase II trial, 

known as the locally advanced multimodality protocol involving 276 patients in 49 centres.26 

Patients were randomized into three arms, consisting of neoadjuvant chemotherapy followed by 

thoracic radiotherapy, neoadjuvant chemotherapy followed by chemoradiation and chemoradiation 

followed by consolidation chemotherapy. The concurrent/consolidation modality had a longer 

median survival of 16.3 months compared to the sequential modality and the induction/concurrent 

modality (respectively 13 months and 12.7 months). The study did not have the power for direct 

comparison of the three arms. Smaller sample size, early closure, the randomised phase II design, 

and the imbalance of the patients with weight loss among the treatment arms, makes it difficult to 

make any definitive conclusions.26

The Bronchial Carcinoma therapy Group investigated concurrent chemoradiotherapy compared 

with radiotherapy alone after neoadjuvant chemotherapy in NSCLC stage IIIA/B. Median survival 

was 14.1 months for the radiotherapy group and 18.7 months for the chemoradiotherapy group 

(p=0.091). Median time to progression significantly favoured simultaneous chemoradiotherapy 

(11.5 months vs 6.3 months, p=0.001. The overall toxicity rates were not significantly different 

between the two groups.27 

Several phase II trials investigated the feasibility of subsequent chemotherapy after completion of 

full dose concurrent chemoradiation . Gandara et al. (SWOG S9504) conducted an phase II trial and 

treated their patients with pathologic staged NSCLC IIIB with full dose concurrent chemoradiotherapy 

(cisplatin/etoposide en 61Gy) and consolidation chemotherapy (docetaxel).  He demonstrated an 

impressive median survival time of 26 months.28
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The full dose during and following concurrent radiotherapy may be critical. For now it seems that 

cisplatin/etoposide is the only chemotherapy regimen that can be given concurrently with radiation.

Third-generation cytotoxics such as docetaxel, vinorelbine, gemcitabine and paclitaxel are 

difficult to administer in full dose with radiotherapy. Sekine et al.29 conducted a phase II trial to 

investigate the feasibility and efficacy of docetaxel consolidation therapy after full-dose cisplatin 

and vinorelbine with concurrent 60 Gy thoracic radiotherapy. The median survival and response 

rate were impressive at 30.4 months and 81.7%, respectively; however, only in 63% of the patients 

could consolidation docetaxel be administered and only 37% of the patients could be treated with 

three cycles of docetaxel because of toxicity (grade 3 or 4 radiation pneumonitis, esophagitis and 

neutropenia).

A randomized trial of combined paclitaxel, carboplatin and radiation followed by either weekly 

paclitaxel or observation, showed that only 54% of patients proceeded to randomization and overall 

survival was worse in the consolidation arm.30

Phase I trials are conducted to investigate the possibility to deliver extraordinary high radiation dose 

(78-90 Gy) concurrent with chemotherapy (carboplatin, at 2 x area under the curve, paclitaxel 175 

mg/m2), and it seems feasible with a median survival of 24 months in patients with NSCLC stage 

IIIA/B.31

Approaches improving local control, including radiation escalation, continuous hyperfractionated 

accelerated radiotherapy (CHART), altered thoracic radiotherapy fractionation and concurrent 

chemoradiotherapy is a largery unexplored field. Dose limiting toxicity will be esophagitis and 

or radiation pneumonitis. New techniques, involving intensity-modulated radiotherapy (IMRT), 

3-dimensional (3D) conformal radiotherapy and respiratory gated radiotherapy (four-dimensional), 

results in a lower toxicity.32 

One drug to reduce radiation toxicity is amifostine- it has shown to protect a wide range of tissues 

not only from the effect of radiation, but also from cytotoxic drugs, including platinum agents, 

alkylators, anthracyclines and taxanes.33 

role of surgery in combined modality treatment

An important question is whether surgery has a role as part of combined modality treatment 

in patients with stage III NSCLC. In the 1990s, three famous studies were published concerning 

patients with operable stage III NSCLC. Patients were randomized between primary surgery or neo-

adjuvant chemotherapy followed by surgery (Table 3).34,35,36 All studies showed a survival benefit 

in the neo-adjuvant arm, but the number of patients in these studies was small. A recent meta-
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analysis was conducted by Nakamura37 including phase III randomised clinical trials to quantitatively 

evaluate survival benefit of patients who underwent pre-operative chemotherapy for NSCLC IIIA.37 

A significant survival benefit of neoadjuvant chemotherapy in patients with NSCLC (stages IB-IIIA) 

was found at 1 and 3 years, but not at 5 years after surgery. Hence only five phase III clinical trials 

including stage IB to III NSCLC were analysed (564 patients). It will be difficult to interpret this 

heterogeneous group of patients all treated with different regimens of chemotherapy. Thus, the 

results of several ongoing phase III randomized clinical trials should clarify the role of pre-operative 

chemotherapy.37   

table 3. Phase III trials of surgery with or without neoadjuvant chemotherapy concerning stage III NSCLC

Trial No. 
patients

stage Regimen Outcome

Roth et 
al.34

60 IIIA(N2)
IIIB

3*CEPsurgery3*CEP
vs surgery

Median survival: CTSCT: 64 mo
                          S: 11 mo (p=0.008)
3-year survival: CTSCT:56%
                         S; 15%

Rosell et 
al.35

60 IIIA(N2) PIMsurgeryRT
vs surgeryRT

Median survival: CTSCT: 26 mo
                           SRT: 8 mo (p<0.001)
2-year survival: CTSCT: 30 %
                         SRT: 0% (p<0.001)

Pass et 
al.36

28 IIIA(N2)
BP

2*EPsurgery4*EP
vs surgerymediastinal 
RT(54-60Gy)

Median survival: CTSCT: 28.7 mo
                          SRT 15.6 mo (p=NS)
2-year survival: CTSCT: 46%
                         SRT: 21% (NS)

C: Cyclophosphamide
P: cisplatin
E: etoposide
I: ifosfamide
M: mitomycin
Mo: months
S: surgery
CT: chemotherapy
RT: Radiotherapy
NS: not significant

The European Organization for Research and Treatment of Cancer (EORTC) conducted a randomized 

trial of surgery vs. radiotherapy in patients with stage III (N2) NSCLC who showed response after 

induction chemotherapy.38 There was no significant difference between the two arms in terms of 

progression-free survival and median survival times.  An initial advantage in terms of survival for 

patients in the radiation therapy arm was noted, probably due to postoperative mortality in the 

surgical arm.
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trimodality treatment, chemoradiation followed by surgery

Numerous studies followed trying to answer questions whether surgery is feasible after induction 

chemoradiation in stage III NSCLC and whether surgery is a better locoregional treatment than 

thoracic radiotherapy. A recent phase II study of chemoradation followed by surgery was conducted 

by the Dutch Society of Pulmonology. Nearly half of the treated stage IIIA/B NSCLC patients 

(47%) could undergo a radical surgical resection (R0), without residual mediastinal disease at 

histopathological examination. Toxicity was mild. Unfortunately 17 patients developed distant 

metastasis during a median follow-up of only 9.9 months.39 Albain et al.40 published data on 126 

patients with stage IIIA and IIIB NSCLC treated with concurrent chemoradiation followed by surgery. 

Over 80% of the patients were resectable without survival difference at 5 years between stage IIIA 

and IIIB. The strongest predictor for long-term survival was absence of mediastinal lymph node 

metastasis at surgery. 

The North America Intergroup trial 0139 studied concurrent chemoradiation versus concurrent 

chemoradiation followed by surgery in patients with potentially respectable stage IIIA NSCLC 

(Table 4).41 In both arms consolidation chemotherapy was given after surgery or definitive thoracic 

radiotherapy.  The 5-year progression-free survival rate of 22.4% in the surgical arm was better 

than in the radiotherapy arm (11.1%). There was an absolute 5-year survival benefit of 7% for the 

surgery arm. Fourteen of the 15 postoperative deaths followed a pneumonectomy, in the setting 

of right sided – or complex left pneumonectomies, suggesting that trimodality is not optimal when 

a right sided pneumonectomy is needed, due to a high mortality rate. The German Lung Cancer 

Cooperative Group evaluated chemotherapy followed by chemoradiotherapy and surgery vs 

chemotherapy followed by surgery and adjuvant radiotherapy in patients with NSCLC stage IIIA/B 

(Table 4).42 The authors concluded that the addition of radiotherapy in the neoadjuvant treatment 

increased the rate of grade 3 and 4 esophagitis and did not improve survival. Low resection rates, 

sub optimal chemotherapy, and a design that did not isolate radiotherapy to one arm are a few 

issues which influenced the outcome of the study.

Thus, it can be concluded that surgery is an experimental but a promising therapeutic option 

after chemoradiation in patients with stage III NSCLC without mediastinal lymph node metastases 

and who can be resected by a radical lobectomy. Accurate restaging at completion of induction 

chemotherapy is critical in order to select patients appropriately for surgery.43 Since the introduction 

of the positron emission tomography scan, staging of NSCLC is more accurate. New invasive 

techniques like esophageal ultrasound with fine needle aspiration (EUS-FNA) and endobronchial 

ultrasound with transbronchial needle aspiration (EBUS_TBNA) are usefull tools for restaging the 

mediastinum after induction. The final results of the Intergroup 0139 (RTOG 9309) are not yet 
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There are ongoing randomised Phase III trials concerning NSCLC stage III. Hopefully they will clarify 

some of the issues mentioned above.

Conclusions and future directions

Chemoradiation is the standard of care, for patients with irresectable stage IIIA/B NSCLC. Several 

Phase III trials implicate a survival benefit of concurrent chemoradiotherapy compared to the 

sequential treatment. The dose-limiting toxicity will be esophagitis and/or pneumonitis. The place 

table 4. Randomised phase III trials of trimodality treatment in stage III NSCLC

Study No. pts stage regimen Outcome

Intergroup 
013941

429 IIIA
(n2)

PE+RT(45Gy)+surgery
PE+RT(45Gy)+RT(61Gy)

Complete resection rate: 88%
pCR: 18%
nodal clearance: 46%
Median survival: 
CRTsurgery 22.1 mo, 
CRT: 21.7 mo (NS)

GLGCG42 558 IIIA IIIB 3*PE+CVd+HF-x-RT(45Gy) 
surgery
3*PE+surgeryRT(54Gy)

Complete resection rate in both arms: 45%
3-year survival; 
CTCRTsurgery: 26%
CTsurgeryRT: 25% (NS)
3-year PFS:
CTCRTsurgery: 18%
CTsurgeryRT: 20% (NS)

GLCCG: German lung Cancer Cooperative Group
P: cisplatin
E: etoposide
C: carboplatin
Vd: Vindesine
Mo: months
pCR: pathologic complete response
CT: chemotherapy
RT: Radiotherapy
CRT: chemoradiotherapy
HF-x-RT: hyperfractionated radiotherapy
NS: not significant
PFS: progression free survival
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for surgery in the treatment of NSCLC stage IIIA/B is still experimental, but may be promising for 

certain subgroups of patients.  

The optimal approach of the treatment of stage III NSCLC continues to be an area of investigation. 

It will be important to improve locoregional treatment through dose-escalation, altered fraction 

schemes and concurrent chemoradiation, and other radiation-sensitizing systemic treatment. It 

will be a challenge to investigate the possibility to give full-dose second-generation platins with 

concurrent high-dose radiotherapy; positron emission tomography scan and respiratory-gated 

computed tomography could result in better targeting accuracy. Respiratory gating and tumour 

tracking will be able to improve radiotherapy dose delivery.

Another important field of investigation is based on novel therapeutics, like epidermal growth factor 

receptor, tyrosine kinase inhibitors and anti-angiogenetic agents, and the role of molecular and 

pharmacogenetic profiles of individual tumours.
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AbStrACt 
Introduction

Lung cancer is the leading cause of cancer mortality. Chemotherapy, ideally a platinum-based 

regimen as part of combined modality treatment, is appropriate for selected patients with locally 

advanced stage III non-small cell lung cancer (NSCLC) who have a good performance status. However, 

chemotherapy can induce side effects including lung function changes.

Aim of the study

Retrospective analysis of lung function changes in 44 patients with stage III NSCLC treated with 

neoadjuvant chemotherapy followed by surgery and/or radiotherapy. 

Patients and methods

Neoadjuvant chemotherapy consisted of three cycles of gemcitabine/cisplatine.The following data 

were analysed: age, sex, the presence of chronic obstructive pulmonary disease (COPD), smoking 

behaviour, response, complications after surgery and/or radiotherapy, and VC, FEV1, DLco and Kco 

before and after chemotherapy. DLco values were corrected for haemoglobin concentrations. 

results

We found a significant decline of Kco (-13,5 % of pred; 95% CI: -16,6 − -10,4; p < 0,0001), 

independent of tumour response or presence and severity of COPD. FEV1 and FEV1/VC showed 

significant increases irrespective of tumour response. Significantly more pulmonary complications 

were recorded in the radiotherapy group after neoadjuvant chemotherapy (p=0.009) compared to 

patients who underwent surgical therapy after neoadjuvant chemotherapy.

Conclusions

Patients diagnosed with NSCLC stadium III, who were treated with neoadjuvant chemotherapy 

consisting of cisplatin and gemcitabine showed a significant decline of Dlco and Kco, irrespective 

of tumour response, presence and severity of COPD, sex and number of cycles of chemotherapy. 

Significantly more pulmonary complications were seen in patients treated with neoadjuvant 

chemotherapy and radiotherapy compared with patients treated with neoadjuvant chemotherapy 

and surgery.  Questions concerning the pathophysiological mechanisms of lung function changes 

and long term follow-up of pulmonary toxicity due to neoadjuvant chemotherapy remain still 

unanswered and have to be subject of future studies.
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INtroDuCtIoN

Lung cancer is one of the leading causes of cancer mortality in both men and women.1 Worldwide far 

more than half a million cases of lung cancer are diagnosed annually.2 About 80 % of these tumours are 

of non-small cell histological type.3 Surgery is the treatment of choice, but only about 20% of tumours 

are suitable for potentially radical resection. A well known meta-analysis showed that neoadjuvant 

chemotherapy (NCT) as part of combined modality treatment, increased survival in patients with stage 

III Non Small Cell Lung Cancer (NSCLC).4 The American Society of Clinical Oncology states that NCT, 

preferably platinum-based, is appropriate for selected patients with locally advanced stage III NSCLC 

who have a good performance status.5

However, NCT as part of combined modality treatment can increase morbidity and mortality after surgery 

and/or radiotherapy in stage III NSCLC, because it is associated with more postoperative complications 

like respiratory insufficiency/adult respiratory distress syndrome (ARDS) and postpneumonectomy 

bronchopleural fistulas.6-8 

Lung function is an important prognostic factor in patients with NSCLC who are treated with surgery 

or radiotherapy. Increased mortality after radiotherapy is reported in patients with poor lung function. 

A reduced pre-operative lung function is associated with major complications or a death rate of more 

than 15% after surgery in thoracic patients.7 A low preoperative DLco (< 45%) is associated with an 

increase in postoperative morbidity and mortality and predicts a poor quality of life.10 A decrease of 

more than 20% in Dlco suggested that toxic effects of pulmonary tissue may occur.11

Several studies have described changes in lung function due to chemotherapy. Some authors 

demonstrated a significant decline in Dlco and the CO transfer coefficient (Kco) but others could not 

confirm these findings.11-13 Unfortunately, one of these studies included various combinations of 

chemotherapy and in others, the sample sizes were (frequently) small.11,13

Cisplatin combined with gemcitabine has proved to be a highly efficacious chemotherapy regimen with 

a high response rate and is frequently used in combined modality treatment.14 We studied the effects 

of cisplatin and gemcitabine on lung function changes and complications after NCT followed by surgery 

and/or radiotherapy in patients with locally advanced (stage III) NSCLC.  

MethoDS
Patients  

We conducted a retrospective study in 44 patients with stage III NSCLC treated with gemcitabine and 

cisplatin, who were presented to our department between November 1996 and december 2001. 
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Inclusion criteria were age ranging from 18 to 80 years, normal renal, hepatic, and bone marrow 

function, and locally advanced NSCLC stage IIIA or IIIB. The following data were recorded:

1. Age, sex, tobacco smoke exposure, presence of chronic obstructive pulmonary disease 

(COPD), stage of NSCLC, response to chemotherapy, number of chemotherapy cycles, 

and complications after radiotherapy and/or surgery according to the World Health 

Organisation (WHO) criteria.  

2. Evaluation of tumour response according to the WHO criteria with (by means of evaluation 

of original radiological documents) chest X-ray and  thoracic Computed Tomography (CT) of 

the chest before and after NCT. 

3.  Lung function measurements consisted of Inspiratory Vital Capacity (IVC), Forced 

Expiratory Volume in one second (FEV1), carbon monoxide transfer factor (DLco) and the CO 

transfer coefficient (Kco) before and after NCT. 

Patients were diagnosed with COPD according to the GOLD criteria15:

• Stage 0: no COPD, normal lung function

• Stage I: mild COPD, mild airflow limitation (FEV1/FVC < 70% but FEV1> or equal to 80% 

predicted)

• Stage II: moderate COPD, worsening airflow limitation (FEV1/FVC < 70% but FEV1 between 

50% and 79% predicted)

• Stage III: severe COPD, severe airflow limitation (FEV1/FVC < 70% but FEV1  between 30 

and 49% predicted) 

• Stage IV: very severe COPD (FEV1/FVC < 70% but FEV1 < 30%, or the presence of respiratory 

failure or clinical signs of right heart failure).

Chemotherapy

All patients were treated with NCT consisting of three cycles of gemcitabine and cisplatin. 

Gemcitabine was administered on a weekly basis on days 1, 8 and 15 at a dose of 1000 mg/m2 

(intravenously over 30 minutes) for three weeks followed by a one week rest throughout 28-day 

cycles. Cisplatin 100 mg/m2 (intravenously over four hours) was administered on day two of each 

28-day course.  A complete blood cell count and differential cell count, serum electrolytes and renal 

and liver function tests were assessed on day 1,8 and 15 of each cycle. Dose modifications were 

performed according to the common toxicity criteria. Treatment was discontinued in case of disease 

progression or unacceptable toxicity.
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Lung function

The following lung function tests before and after NCT were performed according to the ERS 

guidelines14: 

1. Inspiratory vital capacity and FEV1 by spirometry.

2. Carbon monoxide transfer factor and the Kco were measured with a Masterlab Pro 

(Erich Jaeger GmbH, Wurzburg, Germany). DLco values were corrected for hemoglobin 

concentrations.

Lung function data were calculated as percentages of predicted normal values.

tumour assessment

Response to NCT was assessed after three cycles of NCT. Response was evaluated according to the 

WHO criteria. Complete Response (CR) was defined as complete disappearance of all known disease. 

Partial Response (PR) was defined as a 50% or more decrease in total tumour size (relative to the 

initial tumour size) and no appearance of new lesions or progression of any lesion. Progressive 

Disease (PD) was defined as a 25% or more increase in the size of one or more measurable lesions 

(relative to the smallest size measurement since start of the treatment), or the appearance of one 

or more new lesions. All other patients were considered to have Stable Disease (SD).

Surgery and radiotherapy

Patients with complete or partial response were evaluated for surgery. In case repeat mediastinoscopy 

showed no lymph node metastases, surgical exploration was performed. Postoperative radiotherapy 

was given at a dose of 5640 cGy when resection margins were not free at histopathology, the tumour  

was not resectable, or ipsilateral mediastinal lymph nodes were found to be positive. In case repeat 

mediastinoscopy still showed mediastinal lymph node metastases or patients were not considered 

candidates for surgery, patients were primarily treated with radiotherapy at a dose of 5,640 cGy if 

only ipsilateral lymph nodes were positive. If contralateral lymph nodes were involved, a dose of 

3900 cGy was given. 

StAtIStICAL ANALySIS

Differences between pre- and post-chemotherapy in lung function parameters were evaluated using 

repeated measurement ANOVA. The effect of chemotherapy on lung function was assessed for the 

influence of the response status, sex, the presence and the severity of COPD and the number of 

chemotherapy cycles. Differences in complication rates after surgery and/or radiotherapy were 

analyzed in relation to DLco or Kco changes. α-Value was 0.05 and data are depicted as standard 

deviation or standard error of the mean.
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reSuLtS
Patient Characteristics

Forty-four patients with stage III NSCLC were included. Patient characteristics between the IIIA and 

IIIB group were not significantly different (Table 1).

table 1. Patients Characteristics

Stage IIIA IIIB total

n 22 22 44  (100%)

complete response

partial response

stable disease

progressive disease

1

17

3

1       

1        

15     

2

4        

2   (5%)

32 (73%)

5   (11%)

5   (11%)  

male

female

17 

5  

17 

5  

34  (77%)

10  (23%)   

number of cycles: 

2 cycles

3 cycles

mean

2         

20        

2.90

4        

18       

2.81

6     (14%)

38   (86%)

smoking (past or present) 20       22     42   (95%)

COPD  stage  0

             stage 1

             stage 2

             stage 3

6         

4         

12       

0

3       

3       

16     

0

9     (20%)

7     (16%)

28   (64%)

Thirty-five (79%) patients were diagnosed with COPD, seven (15%) were diagnosed with mild COPD, 

and 28 (64%) with moderate COPD. Patients with severe COPD were not included in the study. The 

average amount of chemotherapy cycles which could be administered was 2.85, thirty-eight (86%) 

patients could be treated with 3 cycles of NCT (Table 1). The remaining six patients (14%) did not 

continue chemotherapy because of disease progression and/or toxicity. The radiological response 

to NCT is presented in Table 2. The overall response rate after NCT was 77%. CT-scans before and 

after NCT showed no evidence of interstitial lung disease. 
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table 2. Complications related to changes in DLco

DLco Response Treatment Complications
>-20% PR (11) radiotherapy (7) none (2)

RTOG grade 2 (2)
RTOG grade 3 (3)

surgery (3) none (2)
bronchopleural fistula (1)

radiotherapy + surgery (1) RTOG grade 3 (1*)
SD (1) radiotherapy (1) Haemoptoe (1*)
PD (3) no treatment (1) none (1)

radiotherapy (2) none (1)
RTOG grade 2 (1)

<-20% CR (2) radiotherapy (1) RTOG grade 2 (1)
surgery (1) postoperative infection † (1)

PR (21) no treatment (2)
radiotherapy (8) none (3)

RTOG grade 1 (1)
RTOG grade 3 (2)
RTOG grade 4 (2)

surgery (8) none (4)
empyeem (1)*
pneumonia (1)*
bronchopleural fistula (1)
purulent pericarditi s (1) †
Dyspnoe (1)

Radiotherapy + surgery (3) none (1)
RTOG grade 3 (1)
RTOG grade 5 (1) †

SD (4) no treatment (3)
radiotherapy (1) RTOG grade 1 (1)
no treatment (1)
radiotherapy (1) none (1)

PR: partial response
SD: stable disease
PD: progressive disease
CR: complete response
RTOG/EORTC: Late Radiation Morbidity Scoring Scheme
grade 1: Asymptomatic or mild symptoms (dry cough); slight radiographic appearances
grade 2: Moderate symptomatic fibrosis or pneumonitis (severe cough); low grade fever; patchy radiographic 
changes
grade 3: severe symptomatic fibrosis or pneumonitis; dense radiographic changes
grade 4: Severe respiratory insufficiency; continuous O2 assisted ventilation grade 5: Death directly related to 
radiation late effects
* one patient
† The patient is deceased
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Lung function tests

Lung function measurements in 44 patients showed a small but significant improvement of the 

FEV1 and the FEV1/VC ratio after induction NCT irrespective of sex, presence and severity of COPD, 

tumour response or number of chemotherapy cycles (Figure 1).
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figure 1. Lung function tests at baseline and after induction chemotherapy

Figures 1 shows a significant decline of Kco (-13,5% of pred; 95% CI: -16,6 − -10,4; p < 0,0001) 

independent of tumour response, presence and severity of COPD, sex or number of chemotherapy 

cycles in all patients (p=0.005). DLco showed the same characteristics as the Kco (Figure 1). The 

main predictor for decline of Kco and DLco was the pre-chemotherapy Kco (r=-0.588, p<0.001) 

and the pre-chemotherapy DLco (r=-0.603, p<0.001). Patients with a higher baseline Dlco and Kco 

showed greater changes in Dlco and Kco than patients with lower baseline Dlco and Kco. A similar 

outcome was found in patients diagnosed with COPD (n=32). In these patients we also found a 

significant decline in Kco and DLco and also a small but significant improvement of FEV1 and FEV1/

VC. Complications occurring after surgery and/or radiotherapy occurred in 22 patients (Tables 2 

and 3). No significant difference was found between the two groups regarding complications (I: 
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∆DLco>20%, II: ∆DLco<20%). Complications were divided in two groups; surgery related complications 

(n=6) consisting of bronchopleural fistula, postoperative infection, empyema, pneumonia, purulent 

pericarditis or haemoptysis, and pulmonary related complications (n=16) consisting of dyspnoe, dry 

cough, haemoptysis, radiographic changes, pneumonitis, fibrosis or severe respiratory insufficiency. 

No significant differences in overall complications (surgery related and pulmonary related) were 

found between the surgery group (n=12) and the radiotherapy group (n=21) (Table 3). However, 

we did find a significant difference between the surgery group (n=12) and the radiotherapy group 

(n=21) with respect to the pulmonary complications (p=0.009) (Table 3). There were no differences 

in pulmonary function changes including the decline in DLco or Kco between de surgery group 

and radiotherapy group. Hospital mortality was 4.5% (n=2), One patient died due to a purulent 

pericarditis and an empyema without fistula and the other patient of a postoperative infection 

shortly after the operation. One patient who was only treated with chemotherapy and showed 

stable disease died of respiratory failure.

table 3. Differences in pulmonary complications between surgery and radiotherapy

Treatment Complications

surgery (12) none (6)

bronchopleural fistula (2)

postoperative infection † (1)

empyeem (1)*

pneumonia (1)*

purulent pericarditis (1) †

Dyspnoe (1)

radiotherapy (21) none (8)

RTOG grade 1 (2)

RTOG grade 2 (4)

RTOG grade 3 (5

RTOG grade 4 (2)

* one patient
† patient is deceased
RTOG/EORTC: Late Radiation Morbidity Scoring Scheme
grade 1: Asymptomatic or mild symptoms (dry cough); slight radiographic appearances
grade 2: Moderate symptomatic fibrosis or pneumonitis (severe cough); low grade fever; patchy radiographic 
changes
grade 3: severe symptomatic fibrosis or pneumonitis; dense radiographic changes
grade 4: Severe respiratory insufficiency; continuous O2/assisted ventilation
grade 5: Death directly related to radiation l effects
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DISCuSSIoN

More than 80% of the patients with NSCLC are potential candidates for systemic chemotherapy 

at some time during the course of their disease.16 Patients with stage III (locally) advanced NSCLC 

are often treated with a combination of platinum-based NCT followed by surgery and/or thoracic 

radiotherapy.5,17 In this study we have examined the lung function changes due to cisplatin and 

gemcitabine as part of combined modality treatment. We consider this study important because 

lung function is an important clinical characteristic in patients treated with NCT followed by surgery 

and /or radiotherapy. We observed a significant improvement of the VC, the FEV1 and the FEV1/

VC, and a significant decline of DLco and Kco after NCT. All lung function changes were independent 

of presence and severity of COPD, tumour response, sex, or number of chemotherapy cycles. 

Therefore, it seems that the lung function changes can be attributed to NCT.

Seventy-nine percent of the patients were diagnosed with mild or moderate COPD. This is a 

substantially greater percentage than found in the general population. This finding is explained by 

the fact that 96% of our patients had a long history of smoking. However, the lung function changes 

in the overall group (n=44) and the COPD group (n=32) were similar.

Pinson et al. described an increase in FEV1 and VC in 44 lung cancer patients after treatment 

consisting of various combinations of chemotherapy. A significant decrease in Dlco after chemotherapy 

was not observed.13

Our study confirmed results found by Dimopoulou et al., also showing a significant decline of 

DLco in patients treated with paclitaxel/carboplatin.11 They stated that a decrease in DLco is the most 

sensitive indicator for drug-induced lung toxicity, and suggested that a reduction of more than 20% 

from the baseline DLco level should be a warning that toxic effects in the pulmonary tissue may have 

occurred.11 

In our study, patients with higher baseline DLco and Kco showed greater changes in Dlco and Kco 

than patients with lower baseline DLco and Kco. This was previously also reported in two studies.11,18 

We think that this is due to the fact that patients with higher Dlco levels have more potentially DLco-

decline-capacity than patients with lower Dlco levels. However, patients with lower Dlco levels will 

probably experience a greater change in dyspnoe with relatively smaller changes in Dlco and kco than 

patients with higher Dlco levels.

The exact pathophysiological mechanisms of lung function changes due to chemotherapy 

remain unclear, but several hypotheses have been suggested.

In a study of patients with primary breast cancer treated with high-dose combination 

chemotherapy and autologous bone marrow transplantation, open-lung and transbronchial biopsies 

showed alveolar septal thickening with fibrosis, atypical type II pneumocytes and pulmonary 

endothelial cell injury characteristic of drug toxicity.19 
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Another study described alveolo-capillary membrane alterations due to chemotherapy 

resulting in a decrease in Dlco.
20 

Further studies are warranted to unravel the pathophysiological and cellular mechanisms of 

lung fuction changes due to NCT.

The significant decrease of Dlco and Kco, can be of great importance when chemotherapy is 

given as part of multimodality treatment. A decline in Dlco and Kco will have influence on morbidity 

and mortality, especially in patients with marginal lung function who need additional treatment 

by means of surgery and/or (high dose) radiotherapy. Several studies proved that a diminshed 

DLco is associated with increased postoperative morbidity and mortality.21,22 Ferguson et al. stated 

that a low DLco was the only pre-operative predictor of postoperative mortality and morbidity in 

lung cancer patients.21 The DLco is also decreased after irradiation, Abratt and Willcox investigated 

pulmonary functions tests before, six and 12 months after radiotherapy. It turned out to be that the 

DLco  was significant decreased at 6 and 12 months so they concluded that the pretreatment Dlco 

should be useful in predicting clinical tolerance to irradiation.23

Our study showed a significant difference in pulmonary complications between the 

radiotherapy group and the surgery group in favor of the surgery group. The group of patients, 

studied by the Memorial Sloan-Kettering group, who died from respiratory failure postoperatively 

after NCT were also diagnosed with impaired lung function with a decrease of diffusing capacity 

during chemotherapy.9

Although we studied a relative small group of patients, it clearly showed that patients who 

were treated with NCT and radiotherapy more often developed pulmonary complications. An 

explanation for this could be that in both treatments the mechanism of damage takes place at 

capillary-alveolar level. In neoadjuvant chemotherapy and radiation the histological result of lung 

damage is fibrosis and thickening of the alveolar septae. For both treatments the most important 

target cells appear to be the type II pneumocytes and the capillary endothelium.19,23

The question if lung function changes due to NCT are reversible in time is still unanswered. 

Petersen and Hansen investigated long-term toxicity in patients treated with cisplatin-based 

chemotherapy for non-seminomatous germ-cell cancer. They described that a significant decrease 

in DLco was reversible after 43 months in some patients.24

In conclusion, patients diagnosed with NSCLC stadium III  who were treated with NCT 

consisting of cisplatin and gemcitabine showed a significant decline of Dlco and Kco, irrespective 

of tumour response, presence and severity of COPD, sex or number of cycles. Significant more 

pulmonary complications were seen in patients treated with NCT and radiotherapy compared to 

patients treated with NCT and surgery. Questions concering the pathophysiological mechanisms 

of lung function changes and long term follow-up of pulmonary toxicity due to NCT remain still 

unanswered and have to be subject of future studies.
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DISCuSSIoN

The main goal of this study was to evaluate (minimal invasive) diagnostic techniques and to access 

the results of multimodality treatment in NSCLC stage III with special focus on the role of surgery. 

Part I started with Chapter 2, where we investigated the impact of EUS-TBNA on mediastinal staging. 

This retrospective descriptive study was performed on 43 patients. In 22 (51%) out of the 43 patients, 

cervical mediastinoscopy was not performed as EUS-FNA demonstrated malignant cytology. Two 

patients were diagnosed with malignant mediastinal lymph nodes after mediastinoscopy, showing 

EUS-FNA 5% (2/43) to be false-negative. No complications were observed. 

In Chapter 3, we investigated the impact EBUS-TBNA on mediastinal staging. In a retrospective 

cohort study, EBUS-TBNA was performed on 77 patients. In 39 out of the 77 patients (51%), 

mediastinal lymph node metastasis were found and mediastinoscopy was omitted. Nine out of 38 

(24%) patients revealed mediastinal lymph node metastasis with confirmation mediastinoscopy 

or endoscopic ultrasound with fine needle aspiration. In 13 of these 38 patients no cytologic or 

histologic confirmation testing was performed. Diagnostic yield was calculated for two extreme 

scenarios. In one scenario, it was assumed that all patients had no mediastinal lymph node 

metastases. In the other, it was assumed that all patients had mediastinal lymph node metastases. 

Sensitivity was 64%-81% and negative predictive value was 42%-76%. 

Chapter 4 is a commentary on “Remediastinoscopy after neoadjuvant therapy for non-small cell lung 

cancer” by Van Schil, et al.1 We retrospectively investigated the results of repeat mediastinoscopy 

after induction chemotherapy in 15 patients. Inadequate repeat mediastinoscopy was performed in 

6 patients (40%). In these patients, it was not possible to obtain biopsies from all MLN levels. In two 

patients (2/15: 7.5%), repeat mediastinoscopy proved to be false negative at thoracotomy. In our 

opinion, results of repeat mediastinoscopy were disappointing in this cohort. 

Chapter 5 described an extensive review concerning (minimal) invasive staging techniques and 

restaging. One of the advantages of EUS-FNA is the possibility to investigate N5 in most patients. In 

case of the suspicion of a metastases of the left adrenal gland, the left lobe (segment II and III) of 

the liver, or the abdominal lymph nodes, EUS-FNA can be performed for cytological examination in 

most cases. Due to the introduction of EUS-FNA and EBUS-TBNA a diagnostic shift has taken place. 

We are now able to enter former inaccessible anatomic areas with minimal invasive techniques. 

The best results obtained in invasive restaging was by using TEMLA (Transcervical Extended Bilateral 

Mediastinal Lymphadenectomy),2 although this technique is not a straight-forward one and requires 

experience with extensive mediastinal dissection.3 Restaging with a first-time mediastinoscopy after 

neo-adjuvant treatment showed a sensitivity of 89% and a false negative rate of 9%.4 According to 

the ETST guidelines and the guidelines of the Nederlandse Vereniging voor Artsen en Tuberculose 

(NVALT),5,6 minimal invasive staging techniques such as EUS-FNA and EBUS-TBNA or combination of 
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both should be used for up-front in mediastinal staging or restaging (Figure 1).6 If it is possible to 

stage patients in the pre-treatment staging with EUS and/or EBUS, a pre-treatment mediastinoscopy 

can be avoided (Figure 1). This can be an advantage if surgery is considered after chemoradiation, 

preferably as part of a study in NSCLC stage III. The (first-time) mediastinoscopy can be used for 

restaging.  EUS-FNA and EBUS-TBNA are complementary to surgical invasive techniques like 

mediastinoscopy and mediastinotomy anterior. 

Part 2 described the results of multimodality treatment and starts with Chapter 6. The introduction 

of chemoradiation for stage III was the most prominent change for patients with NSCLC stage 

III since 1997.7 In the Netherlands between 2004-2009, 56% of the patients under 60, received 

chemoradiaton and 45% of the patients between 60 and 74 years, compared to 12% and 5% 

perpectively, in the period 1994-1998 (Table 1).7  

figure 1. Proposed algorithm for mediastinal staging (adapted from de leyn et al.13)
a: In central tumours, tumours with large LNs (=1,6 cm) and N1 disease invasive staging remains indicated
b: if no PET is available, mediastinoscopy is indicated except for T1N0 squamous cell carcinoma
c: Endoscopic techniques are minimally invasive and can be the first choice
d: due to its higher NPV mediastinoscopy reamins indicated
EUS: Endoscopic esophageal ultrasound
EBUS: endobronchial ultrasound
NPV: negative predictive value  

c

d Negative

a: In central tumors, tumors with large LNs (=1,6 cm) and N1 disease invasivestaging remains indicated
b: if no PET is available, mediastinoscopy is indicated except for T1N0 squamous cell carcinoma
c: Endoscopic techniques are minimally invasive and can be the first choice
d: due to its higher NPV mediastinoscopy reamins indicated

EUS: Endoscopic esophageal ultrasound
EBUS: endobronchial ultrasound
NPV: negative predictive value

Tissue confirmation

positive (N2-N3)Negative (NO) (a) (B)

CT or PET or PET-CT

Negative Positive Positive

Surgical treatment Multimodality treatment

EBUS/EEUS (FNA)

(re) Mediastinoscopy
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table 1. Number of patients receiving chemoradiation, between 2004-2009 according to age groups ((with 
courtesy of Miep van der Drift)7.

 NSCLC IIIA  NSCLC stadium IIIB

1994-1998  2004-2009 1994-1998  2004-2009

< 60 12% 56% 10% 41%

60-74 5% 45% 4% 31%

> 75 18% 10%

In a multricentre prospective phase II study (Chapter 6), we investiged the feasibility and efficacy of 

weekly docetaxel (20 mgr/m2) /cisplatin (20 mgr/m2) combined with radiotherapy (45 Gy), followed 

by surgery. Primary endpoint was radiological response. Nineteen out of 45 patients had showed a 

partial or complete response (46%), eight patients were diagnosed with progressive disease (20%). 

Toxicity was mild. Twenty-four patients proceeded to surgery. Twenty patients (49%) underwent a 

complete resection (R0) of which six patients (15%) whom had stable disease as their best response 

to induction treatment. The 30 days post-operative mortality was 4.2%. The estimated median 

survival for the whole group was 60% at 1 year, 50% at 2 years and 30% at 5 years. Approximately 

58% of patients with a R0 resection were still alive after 46 months compared to less than 10% of 

patients without resection (p= 0.001)

As chemoradiation became standard of care of NSCLC stage III, less patients were operated after  

the year 2000. The number of patients with NSCLC stage III (<75) who underwent surgery decreased 

from 25% to 15% in stage IIIA and increased from 8% to 10% in stage IIIB.7 The Dutch and the 

international guidelines5,8 recommend, combined-platinum-based concurrent chemoradiation. The 

recommendation is the radiobiological equivalent of at least 60 Gy in 2 Gy/one fraction within 6 

weeks.5 Because of the complicated combined modality treatment most stage III studies have a 

slow accrual, for this reason study design is often outdated at the time of completion. Prospective 

data are needed to answer the question whether certain subgroups benefit from surgery after 

multimodality treatment. Because those data are not available investigators have looked to cohort 

and retrospective data.8 The argument for surgery is primarily based on prognosis. Patients are 

selected for surgery for their characteristics, which implicate a good prognosis. Subsequently this 

good prognosis is falsely attributed to the fact that these patients succesfully completed surgery.8 

Another issue is that often retrospective results from one sub-group are applied to another 

subgroup.8 

Two studies were conducted to investigate the role of surgery in NSCLC stage III.9,10 The European 

Organisation for Research and Treatment of Cancer (EORTC) 089419 and the North American 

Intergroup Trial 0139.10 Both had a different study design. The EORTC starting with induction 
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chemotherapy (platinum based doublet), in case of response randomisation for surgery or 

radiotherapy.9 The investigators concluded that in patients with pathologically proven NSCLC 

stage IIIA-N2 disease and a response to induction chemotherapy, surgical resection did not 

improve overall survival (OS) or progression free survival (PFS), compared with radiotherapy.9 In a 

subgroup analysis, a better outcome after lobectomy was seen than after pneumonectomy.9 Albain 

et al.10 treated patients in the ‘0139 trail’ with concurrent chemoradiation (45 Gy), followed by 

resection in case of no progression. In case of progression, radiotherapy was completed up to 61 

Gy (uninterrupted). Both groups of patients received two cycles of adjuvant chemotherapy.10 No 

difference in overall survival was observed. There was a difference in the PFS survival in favour of 

the group that underwent surgery.10 An exploratory analysis showed that patients who underwent a 

lobectomy could have a survival benefit after chemoradiation10 or mortality from pneumonectomy 

could be avoided.10 Mediastinal downstaging is suggested as a prognostic factor for response and 

survival in combination with surgery. But this is not clinically usefull, unless it can be identified pre-

operatively.8

Most clinical trials of neo-adjuvant chemotherapy followed by surgery and/or radiotherapy focus on 

patients with stage IIIA N2 disease.11 In this group neo-adjuvant chemotherapy did achieve improved 

survival. However, the role of surgery after neo-adjuvant chemotherapy in patients with stage IIIB 

disease remains unclear.  Chapter 7 examined combined modality treatment in stage IIIB NSCLC. A 

prospective multicentre trial was conducted in 41 patients with stage IIIB NSCLC. They underwent 

neo-adjuvant chemotherapy followed by surgery and/or radiotherapy. Endpoints were toxicity, 

response, complete resection rate and survival. Response rate (partial en complete response) after 

neo-adjuvant chemotherapy was 66% (27/41). Resection was performed in 18 patients of which 

10 proved to be radical. Hospital mortality was 2.4% (n=1). Histopathologically-proven mediastinal 

downstaging was observed in 16 patients (39%). Twenty-five patients underwent radiotherapy; 14 

because of stable/progressive disease; and 9 diagnosed with partial/complete response. Median 

survival for non-responders was 8.4 months, for responders 16.8 months and for all patients 15.1 

(p=0.11). Patients with partial/complete response had a mean survival van 21.5 months after 

resection and 13 months after radiotherapy (p=0.0003). Radical surgery can be performed in 37% 

(10/27), and may result in prolonged surival. It is estimated that 10 to 15% of all patients with 

NSCLC are diagnosed as a stage IIIB at the time of diagnosis of their disease.12 The anticipated 5-year 

survival for the vast majority of patients with NSCLC stage IIIB is 10%.13 Reports of carefully chosen 

patients with stage IIIB disease have shown a similar survival to patients with stage IIIA disease 

treated with induction therapy followed by resection.14,15,16 In general, for patients with NSCLC 

stage IIIA with persistent mediastinal lymph node metastases after neo-adjuvant therapy, surgery 

is not recommended. In case mediastinal downstaging is achieved, surgery through lobectomy can 

be considered.5,8,17  In patients with NSCLC stage III, there is only place for surgery after induction 
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treatment when mediastinal downstaging is achieved. In case of NSCLC stage IIIB, recommendations 

about surgery are less clear.5,8,18 

In Chapter 8, the role of radiation, chemotherapy and surgery in the treatment of stage III 

NSCLC is reviewed with emphasis on the optimal timing of each treatment modality. Concurrent 

chemotherapy has proven to be more effective than chemotherapy followed by radiotherapy. The 

dose limiting toxicity will be esophagitis and/or pneumonitis. Full-dose consolidation chemotherapy 

after concurrent chemoradiation showed an improvement of survival in some studies. Because of 

the toxicity, consolidation chemotherapy is difficult to administer completely. Both the Eastern 

Cooperative Oncology Group19 and the Radiation Therapy Oncology Group20 could not prove survival 

benefit from surgery after chemoradiation. However, pneumonectomies and residual malignant N2 

disease had a negative impact on survival. Concurrent (full dose) chemoradiation should be standard 

of care for NSCLC stage III. Surgery can be promising in subgroups of patients when pneumonectomy 

is avoided. The main concern in patients diagnosed with NSCLC stage III is, whether or not, they get 

the appropriate treatment they deserve, according to the Dutch guideline.5 As shown in Table 1, 

only half of the patients or less, through all age groups receive the recommended treatment in The 

Netherlands.7 In the group with NSCLC stage IIIB, it is also probably due to the diversity of TNM 

subsets in IIIB according to the 6th edition21 in which radical chemoradiation could not be applied 

such as pleuritis carcinomatosa (was T4 nowadays T1a), or large radiotherapy fields and decreased 

pulmonary function.21,22 

figure 2. Trends in relative survival of non-small cell lung cancer according to stage and period of diagnosis 
(with courtesy of Miep van der Drift).7
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Survival in NSCLC stage IIIA and IIIB has improved significantly over time (Figure 2).7 By introducing 

the 7th edition of TNM-classification and because of improved staging, stage migration took place 

(patients with previous early stage will be upstaged). This results in improved survival in all stage 

groups, a phenomenom known as the Will Rogers phenomenon. Another explantion for this 

improvement is that more people were treated with chemotherapy and radiation resulting in better 

survival. Prognosis can improve even further by treating patients with concurrent chemoradiation 

although more complications are observed.23,24

Chapter 9 (part III) described a retrospective analysis of lung function changes in 44 patients after 

neo-adjuvant chemotherapy. Patients with NSCLC stage III where treated with three courses of 

cisplatin/gemcitabine, showed a significant decline of DLco and Kco (-13.5% of pred; 95% CL: -16,6-

10,4) (P<0,0001) irrespective of tumour response, presence and severity of COPD, sex and number 

of cycles of chemotherapy. FEV1 and FEV1/VC showed significant increases, irrespective of tumour 

response. Significantly more pulmonary complications were seen in the radiotherapy group after 

neoadjuvant chemotherapy (p=0.009) compared to patients who were treated with neoadjuvant 

chemotherapy and surgery. 

Improved survival of concurrent chemoradiation over sequential chemoradiation comes at a cost 

of increased acute esophageal toxicity (grade 3-4) from 4% to 18% (relative risk, 4.9; 95% CI, 3.1-

7.8; p < 0.001).8 Neoadjuvant treatment related comorbidity and surgery related morbidity and 

mortality can be managed to stay acceptable, by treating patients diagnosed NSCLC stage III with 

multimodality treatment in specialised centres.25,26,27,28 

future PerSPeCtIVeS

While data available generally support concurrent chemoradiation,  the combination of agents, the 

total dose deliverd, and the schedule of administration are all under debate. Both induction and 

consolidation therapies have been investigated, but neither of them have demonstrated consistent 

benefits.29,30,31 Also the optimal stategy for radiotherapy has not been found. Studies concerning 

different radiation doses32 with different schedules, hyperfractionated accelerated radiotherapy 

and intensity-modulated radiotherapy (IMRT)33,34,35,36,37, did not deliver firm conclusions, but in some 

cases were promising. The optimal radiation dose is 60-70 Gy, but whether or not 74 Gy can be 

given safely38 is unclear. At ASCO 2013, Bradly et al. discussed the results of a phase III trial, which 

showed a greater risk of death (56%) and an increased risk of developing local failure (37%), in case 

74 Gy was given concurrently with carboplatin/paclitaxel instead of 60 Gy.32 Newer three or four 

dimensional conformal techniques and respiratory gating have decreased the off-target delivery to 

the esophagus, spinal cord and lungs.36 



156

Chapter 10

Targeted therapies and the use of biomarkers to predict patients who are most likely to benefit from 

a certain therapy is an actively researched area. One of the most useful of such biomarkers is the 

Epidermal Growth Factor Receptor (EGFR) mutation. EGFR is frequently overexpressed in 30-80% 

of the patients with NSCLC.39 Ionizing radiation triggers the EGFR signalling potentially reducing the 

sensitivity to radiotherapy.39 Therefore EGFR-inhibitors combined with radiotherapy might have a 

synergistic effect, to enhance the sensitivity for radiotherapy, in addition to an anti-proliferative 

effect.40 For other new agents, data are limited, premature or disappointing and further research is 

needed.40

Non-small cell lung cancer stage III is a heterogeneous group with disease presentation ranging 

from microscopic N2 disease to bulky nodal N2/N3 disease. It therefore comes as no suprise that 

a single therapeutic concept (chemoradiation) cannot satisfy the needs of all subsets. The third 

ACCP guidelines approached these difficulties inherent in the interpretation of data for stage III by 

dividing patients, who were treated in studies in three identifiable groups (Figure 3).8 Those three 

groups are: patients with infiltrative stage III (N2/N3) disease (1), patients with discrete clinical 

N2 involvement (2), and patients with occult N2 node involvement despite thorough preoperative 

staging (3).8 Figure 3 gives an implication of treatment strategy which should be carried out, 

preferably in a clinical trial.8 

 

figure 3. A depiction of the heterogeneous patient caracteristics of stage III lung Cancer and the inclusion of 
various subtypes for clinical studies evaluating treatment options for patients with stage III disease. (adapted 
from Ramnath, et al.)8

Mediastinal Infiltration Discrete node enlargement Clinically occult N2

Schematic of types of patients included in studies using different treatment approaches
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Is there a place for surgery in the multimodality treatment of NSCLC stage III? Two randomized 

trials did not prove an overall survival benefit with the use of surgery in NSCLC stage III.9,10 These 

trials did not sufficiently evaluate the nuances present with the heterogeneity of N2 disease and 

the likely oncologic benefit of surgery in specific clinical situations.41 As recommended in this thesis, 

patients with NSCLC stage III should be staged with great care and accuracy because the presence 

of mediastinal nodal disease has a profound impact on prognosis and treatment decisions. The 

determination if surgery can be part of the multimodality approach, should be made prior to any 

therapy, by a multidisciplinary team including an experienced thoracic surgeon and a radiation 

oncologist. By using minimal invasive staging techniques (EUS-FNA and EBUS-TBNA), first time 

mediastinoscopy can be used to confirm downstaging during restaging. Patients with response and 

a tumour free mediastinum do have a better prognosis42,43 and surgery should be considered, if a 

lobectomy is possible. Because survival is dependent of the experience of the surgeon44 and the 

number of procedures performed in one hospital,45 patients after induction treatment should be 

operated in high-volume specialised centres. With so many questions left unanswered it will remain 

critical to treat patients with NSCLC stage III as part of a clinical trial.
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DISCuSSIe

De onderzoeksvraag van dit onderzoek was tweeledig. De resultaten van minimaal invasieve 
technieken zijn geëvalueerd bij patiënten met longkanker. En de resultaten van multimodale 
behandeling (chemoradiatie met al dan niet chirurgie) zijn onderzocht bij patiënten met een niet-
kleincellig longcarcinoom stadium III, met de nadruk op de rol van chirurgie. Deel 1 begint met 
hoofdstuk 2, waarin de resultaten van een retrospectieve beschrijvende studie met 43 patiënten 
wordt besproken. Er is gekeken naar de impact van EUS-FNA op mediastinale stadiering. Bij 22 (51%) 
van de 43 patiënten was het niet nodig om een cervicale mediastinoscopie te verrichten omdat er 
met EUS-FNA, cytologie passend bij maligniteit verkregen werd. Bij twee van de andere 21 patiënten 
waren door middel van een mediastinoscopie, maligne cellen gevonden in de lymfeklieren, waardoor 
de EUS-FNA-uitslag bij 2/43 (5%) fout-negatief was. Er hebben zich geen complicaties voorgedaan.

In hoofdstuk 3 wordt een retrospectieve cohort studie beschreven waarbij er gekeken is naar 
de impact van de EBUS-TBNA op mediastinale stadiering. Bij 77 patiënten werd een EBUS-TBNA 
verricht. Bij 39 van deze 77 patiënten (51%) werden mediastinale lymfekliermetastasen aangetoond 
en er werd afgezien van mediastinoscopie. Bij 9 van de 38 (24%) patiënten werden door middel van 
mediastinoscopie of EUS-FNA, mediastinale lymfeklier metastasen aangetoond. Bij 13 van deze 38 
patiënten was helaas geen cytologische of histologische bevestiging van de mediastinale lymfeklieren. 
Om een indicatie te kunnen geven van de sensitiviteit en de negatief voorspellende waarde, werd 
er een berekening gemaakt van het meest gunstige en het meest ongunstige scenario. In het ene 
scenario werd er vanuit gegaan dat al deze patiënten geen mediastinale lymfekliermetastasen 
hadden. In het andere scenario werd er vanuit gegaan dat al deze patiënten wel mediastinale 
lymfeklier metastasen hadden. Sensitiviteit was 64-81% en de negatief voorspellende waarde was 
42%-76%.

Hoofdstuk 4 is een reactie op een artikel van Van Schil et al.1; “Remediastinoscopy after neoadjuvant 
therapy for non-small cell lung cancer.” Retrospectief zijn de resultaten van een tweede 
mediastinoscopie na inductie chemotherapie in 15 patiënten nagekeken. Een inadequate tweede 
mediastinoscopie was verricht in 6 patiënten (40%). Bij deze 6 patiënten was het niet mogelijk om 
biopten te nemen van alle mediastinale lymfeklierstations. Bij twee patiënten (2/15: 7.5%), bleek 
een tweede mediastinoscopie, vals negatief bij thoracotomie. Concluderend waren de resultaten 
van een tweede mediastinoscopie teleurstellend in dit cohort.

Hoofdstuk 5 beschrijft een overzicht betreffende (minimaal) invasieve stadiëringstechnieken en 
restadiëring. Een van de voordelen van EUS-FNA is de mogelijkheid om N5 te onderzoeken bij de 
meeste patiënten. In geval van verdenking van metastasen in de linker bijnier, de linker leverkwab 
(segment II en III) of de abdominale lymfeklieren kan er met EUS-FNA ook een cytologische punctie 
gedaan worden. Door de introductie van de EUS-FNA en de EBUS-TBNA heeft er een diagnostische 
shift plaats gevonden. Men is nu in staat om met minimaal invasieve technieken, anatomische 
structuren te benaderen die eerder niet in het bereik lagen.
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De beste resultaten bij invasief restadieren worden verkregen door middel van TEMLA (Transcervical 
Extended Bilateral Mediastinal Lymphadenectomy).2 Deze techniek is niet eenvoudig en vraagt om 
ervaring met uitgebreide mediastinale dissectie.3 Restadiëring waarbij de mediastinoscopie voor 
het eerst wordt ingezet na neo-adjuvante behandeling laat een sensitiviteit zien van 89% en een 
negatief voorspellende waarde van 9%.4  Volgens de richtlijnen van de European Respiratory Society 
(ETS) en de richtlijnen van de Nederlandse Vereniging voor Artsen en Tuberculose (NVALT)5,6, zouden 
minimaal invasieve stadiëringstechnieken, zoals EUS-FNA of EBUS-TBNA, of een combinatie van 
beiden, gebruikt moeten worden als eerste stap in het invasief mediastinaal stadiëren of restadiëren 
(figuur I).6 Als het mogelijk is om een patiënt te stadiëren in het initiële stadiëringstraject door middel 
van EUS-FNA en EBUS-TBNA, dan kan een eerste mediastinoscopie voor behandeling vermeden 
worden (figuur I). Dit kan een voordeel zijn, indien longchirurgie wordt overwogen na chemoradiatie 
bij patiënten met een niet-kleincellig longcarcinoom stadium III. De (eerste) mediastinoscopie kan 
gebruikt worden voor restadiëring. EUS-FNA en EBUS-TBNA zijn in deze situatie complementair aan 
invasieve chirurgische technieken zoals mediastinoscopie en mediastinoscopie anterior.

figuur 1. Voorgesteld algoritme voor mediastinale stadiering (deels overgenomen van de Leyn et al [13]
a: In centrale tumoren, tumoren met vergrote lymfeklieren (=1.6 cm) en N1 ziekte, blijft een invasieve stadiering   
    geïndiceerd
b: Indien er geen PET-scan verricht kan worden, is een mediastinoscopie geïndiceerd behalve voor T1N0  
     plaveiselcelcarcinoom
c: Endoscopische technieken zijn minimaal invasief en kunnen de eerste keuze zijn
d: Vanwege de de hogere negatief voorspellende waarde blijft de mediastinoscopie geïndiceerd
EUS: endoscopic ultrasound
EBUS: endobronchial ultrasound
NPV: negative predictive value= negatief voorspellende waarde

 

c

d Negative

a: In central tumors, tumors with large LNs (=1,6 cm) and N1 disease invasivestaging remains indicated
b: if no PET is available, mediastinoscopy is indicated except for T1N0 squamous cell carcinoma
c: Endoscopic techniques are minimally invasive and can be the first choice
d: due to its higher NPV mediastinoscopy reamins indicated

EUS: Endoscopic esophageal ultrasound
EBUS: endobronchial ultrasound
NPV: negative predictive value

Tissue confirmation

positive (N2-N3)Negative (NO) (a) (B)

CT or PET or PET-CT

Negative Positive Positive

Surgical treatment Multimodality treatment

EBUS/EEUS (FNA)

(re) Mediastinoscopy
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Deel twee beschrijft de resultaten van multimodale behandeling en begint met hoofdstuk 6. Het 
invoeren van chemoradiatie is voor patiënten met een niet-kleincellig longcarcinoom stadium III, 
de meest belangrijke behandeling sinds 1997.7 In Nederland werden tussen 2004 en 2009 van de 
patiënten onder de 60 jaar, 56% behandeld met chemoradiatie. Tussen de 60 en de 74 jaar was dit 
45%. Tussen 1994 en 1998 was dit respectievelijk 12% en 5% (Tabel 1).7 

tabel 1. Aantal patiënten die behandeld werden met chemotherapie en radiotherapie tussen 1994- 1998 en 
2004-2009 per leeftijdsgroep (met dank aan Miep van der Drift).7

 NSCLC IIIA  NSCLC stadium IIIB

1994-1998  2004-2009 1994-1998  2004-2009

< 60 12% 56% 10% 41%

60-74 5% 45% 4% 31%

> 75 18% 10%

In een prospectieve fase II studie, uitgevoerd in vijf ziekenhuizen (hoofdstuk 6), is onderzocht wat 
de haalbaarheid en effectiviteit was van wekelijks docetaxel (20 mgr/M2)/cisplatina (20 mgr/m2) 
gecombineerd met radiotherapie (45 Gy), gevolgd door chirurgie bij respons. Het primaire eindpunt 
was radiologische respons. Negentien van de 45 patiënten vertoonden een partiële of complete 
respons (46%). Acht patiënten werden gediagnosticeerd met progressieve ziekte (20%). Toxiciteit 
was mild. Vierentwintig patiënten werden geopereerd. Twintig patiënten (49%) konden een 
complete resectie ondergaan, waarvan 6 patiënten (15%), na inductie chemoradatie, radiologisch 
stabiele ziekte vertoonden. De 30-dagen postoperatieve mortaliteit was 4.2%. De geschatte mediane 
overleving voor de hele groep bleek 60% na een jaar. Vijftig procent na twee jaar en 30% na 5 jaar. 
Ongeveer 58% van de patiënten met een R0 resectie was in leven na 46 maanden, vergeleken dan 
minder dan 10% van de patiënten zonder resectie (p=0.001).

Omdat chemoradiatie de standaard behandeling werd voor patiënten met een niet-kleincellig 
longcarcinoom stadium III, werden er minder patiënten geopereerd na het jaar 2000. Het aantal 
patiënten met een niet-kleincellig longcarcinoom stadium III (< 75 jaar) dat geopereerd werd, 
daalde van 25% naar 15% in de groep met stadium IIIA en steeg van 8 naar 10% in geval van stadium 
IIIB.7 De Nederlandse en de internationale richtlijnen adviseren een platina doublet met gelijktijdige 
radiotherapie. De aanbeveling is: het radiobiologische equivalent van ten minste 60 Gy in 2 Gy per 
fractie binnen 6 weken.5 Vanwege de gecompliceerde gecombineerde behandeling van gelijktijdige 
chemotherapie met radiatie, hebben de meeste stadium III studies een trage registratie. Hierdoor 
is de studie opzet mogelijk achterhaald op het moment van voltooiing van de studie. Prospectief 
onderzoek is nodig om de vraag te beantwoorden, of er bepaalde subgroepen wèl baat hebben 
bij chirurgie na multimodale behandeling. Omdat deze uitkomsten niet voorhanden zijn, hebben 
onderzoekers gekeken naar cohort en retrospectieve data.8 Het argument om al dan niet te 
opereren is primair gebaseerd op prognose. Patiënten worden geselecteerd voor chirurgie omdat ze 
karakteristieken hebben die een goede prognose impliceren. Vervolgens wordt deze ‘goede’ prognose 
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ten onrechte toegeschreven aan het feit dat deze patiënten geopereerd zijn.8 Daarnaast worden 
regelmatig retrospectieve resultaten van de ene subgroep, toegepast op de andere subgroep.8 
Er zijn twee studies verricht om de rol van chirurgie bij NSCLC stadium III te onderzoeken. 9,10 De 
European Organisation for Research and Treatment of Cancer (EORTC) 089419 en de North American 
Intergroup Trial 013910, ieder met een andere studie opzet. De EORTC studie begon met inductie 
chemotherapie (een platina bevattende doublet) en bij respons werd er gerandomiseerd tussen 
radiotherapie en operatie9. De conclusie van deze studie was dat bij patiënten met pathologisch 
bewezen N2-ziekte en een respons op inductie chemotherapie, een operatie de overleving niet 
verbeterde (OS=overall survival) en de progressie vrije overleving (PFS=progression free survival) 
ook niet verbeterde, in vergelijking met radiotherapie.9 In een subgroep analyse werd er een 
betere overleving gesignaleerd na lobectomie dan na pneumonectomie.9 Albain et al.10 behandelde 
patiënten in de ‘0139 trial’ met gelijktijdige chemoradiatie (45 Gy) gevolgd door resectie, bij 
respons of stabiele ziekte. Indien er wel progressie werd geobjectiveerd, dan werd de radiotherapie 
gecontinueerd tot 61 Gy (zonder interval). Beide patiëntengroepen werden nabehandeld met 
twee cycli adjuvante chemotherapie.10 Er werd geen verschil in totale overleving vastgesteld 
tussen beide groepen. Er was een verschil in de progressie vrije overleving in het voordeel van de 
operatiegroep.10 Een subgroep analyse toonde aan dat patiënten die een lobectomie ondergingen 
een overlevingsvoordeel hadden na chemoradiatie en dat een pneumonectomie meer kans geeft 
op mortaliteit.10 Indien het mediastinum na inductie behandeling, vrij van maligniteit is, wordt dat 
gezien als een prognostische factor voor respons en overleving in combinatie met chirurgie. Dit is 
helaas niet klinisch bruikbaar, behalve als het preoperatief kan worden vastgesteld.8 

De meeste klinische onderzoeken naar neoadjuvante chemotherapie gevolgd door chirurgie of 
radiotherapie zijn gericht op de patiëntenpopulatie met het niet-kleincellig longcarcinoom stadium 
IIIA met N2-ziekte.11 In deze groep verbeterde neoadjuvante chemotherapie de totale overleving 
niet. De plaats van chirurgie in de behandeling van het niet-kleincellig longcarcinoom stadium 
IIIB is nog steeds onduidelijk. In hoofdstuk 7 wordt onderzocht of er een plaats is voor inductie 
chemotherapie met chirurgie bij patiënten met een niet-kleincellig long carcinoom stadium IIIB. 
Een prospectief onderzoek, waaraan meerdere ziekenhuizen meewerkten, werd verricht in 41 
patiënten met een niet-kleincellig longcarcinoom stadium IIIB. Alle patiënten ondergingen inductie 
chemotherapie gevolgd door chirurgie of radiotherapie. Primaire eindpunten waren toxiciteit, 
respons, complete resectie en overleving. Het respons percentage (gedeeltelijke en complete 
respons na inductie chemotherapie) was 66% (27/41). Resectie werd verricht bij 18 patiënten 
van wie er 10 radicaal (R0 resectie) geopereerd bleken. Ziekenhuis mortaliteit was 2.4% (n=1). 
Histologisch bewezen ‘down staging’, waarbij de mediastinale lymfeklieren pathologisch bewezen 
tumor vrij bleken, werd geobjectiveerd bij 16 patiënten (39%). Vijfentwintig patiënten werden 
behandeld met radiotherapie, 14 in verband met stabiele of progressieve ziekte; 9 patiënten met 
gedeeltelijke of volledige respons. Mediane overleving voor patiënten zonder respons was 8.4 
maanden, voor patiënten met respons 16.8 maanden en voor de hele groep 15.1 maanden (p=0.11). 
Patiënten met gedeeltelijke dan wel complete respons hadden een gemiddelde overleving van 21.5 
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maanden na resectie en 13 maanden na radiotherapie (p=0.0003). Een complete resectie (R0) kon 
verricht worden bij 37% van de patiënten (10/27) en kan resulteren in een langere overleving. Tien 
tot 15% van de patiënten  met een niet-kleincellig longcarcinoom worden gediagnosticeerd met een 
stadium IIIB.12 De overleving na vijf jaar is, voor de grote meerderheid van patiënten met een niet-
kleincellig longcarcinoom stadium IIIB, 10%.13 Studies tonen aan dat goed geselecteerde patiënten  
met een niet-kleincellig longcarcinoom stadium IIIB hetzelfde overlevingspatroon kunnen laten 
zien als patiënten  met een niet-kleincellig longcarcinoom stadium IIIA, als zij behandeld worden 
met inductie chemotherapie gevolgd door resectie.14, 15, 16 Voor patiënten met een niet-kleincellig 
longcarcinoom stadium IIIA met persisterende mediastinale lymfekliermetastasen na inductie 
chemotherapie, wordt een aanvullende operatie niet aanbevolen. Indien er wel mediastinale ‘down 
staging’ wordt bewerkstelligd dan kan een lobectomie overwogen worden.5,8,17 Voor patiënten met 
een niet-kleincellig longcarcinoom stadium III is een operatie alleen een optie indien de mediastinale 
lymfeklieren vrij zijn van metastasen. Voor het niet-kleincellig longcarcinoom stadium IIIB, zijn de 
aanbevelingen voor chirurgie minder goed onderbouwd.5,8,18

In hoofdstuk 8 wordt er in een review de rol van radiotherapie, chemotherapie en chirurgie binnen 
de behandeling van het niet-kleincellig longcarcinoom stadium III beschreven met de nadruk op 
de optimale timing van iedere behandelmodule. Gelijktijdige chemoradiotherapie blijkt effectiever 
dan sequentiële chemoradiotherapie. De dosis limiterende toxiciteit zal of oesophagitis en/of 
pneumonitis zijn. Consolidatie chemotherapie in volledige dosering na gelijktijdige chemoradiatie 
liet een betere overleving zien in sommige studies. Vanwege de toxiciteit is het lastig om 
consolidatie therapie volledig toe te dienen. En de Eastern Cooperative Oncology Group (ECOG) 
19 en de Radiation Therapy Oncology Group (RTOG)20 werd geen overlevingsvoordeel aangetoond 
van operatie na chemoradiatie. Helaas wordt overleving negatief beïnvloed door het verrichten van 
een pneumonectomie na inductie behandeling en pathologisch bewezen lymfekliermetastasen in 
het mediastinum. Gelijktijdige chemoradiatie in volledige dosering is de standaard behandeling 
voor het niet-kleincellig longcarcinoom stadium III. Een operatie kan een toegevoegde waarde 
hebben bij geselecteerde patiënten mits een pneumonectomie vermeden wordt. Bij patiënten, 
gediagnosticeerd met een niet-kleincellig longcarcinoom stadium III, is het maar de vraag of zij de 
behandeling krijgen die geïndiceerd is volgens de Nederlandse richtlijn.5 Minder dan de helft van 
de patiënten krijgen de behandeling, die geïndiceerd is.7 In de groep gediagnosticeerd met een 
niet-kleincellig longcarcinoom stadium IIIB, is dit deels toe te schrijven aan de diversiteit van TNM 
subgroepen binnen het stadium IIIB volgens de 6de editie.21 Waarbij in opzet curatieve chemoradiatie 
niet moet worden toegepast als er sprake is van pleuritis carcinomatosa (dit was T4, in de nieuwe 
TNM classificatie M1a), dan wel een groot radiotherapie veld of sterk verminderde longfunctie.21,22

Overleving in het niet-kleincellig longcarcinoom stadium IIIA en IIIB is significant verbeterd over de 
jaren (figuur 2).7 Door het invoeren van de 7de editie van de TNM-classificatie en door verbeterde 
stadiëring, heeft er stadium migratie plaats gevonden (patiënten met een eerder laag stadium, 



Samenvatting

 169 

verschuiven naar een hoger stadium). Dit resulteerde in een verbeterde overleving in alle stadia. 
dit fenomeen is beschreven als het Will Rogers fenomeen. Een andere verklaring voor deze 
verbetering is dat meer patiënten behandeld worden met chemoradiatie en dit resulteert in een 
betere overleving. Prognose kan mogelijk nog verder verbeteren als patiënten behandeld worden 
met gelijktijdige chemoradiatie, al zal dat ook leiden tot meer complicaties.23,24

Hoofdstuk 9 (Deel drie) beschrijft een retrospectieve analyse bij 44 patiënten, waarbij gekeken 
is naar longfunctie veranderingen na inductie chemotherapie. Patiënten met een niet-kleincellig 
longcarcinoom stadium III werden behandeld met 3 cycli cisplatina/gemcitabine. Een significante 
daling van de Dlco en Kco (-13.5% van voorspeld; 95% CI: -16.6 - -10.4) (p< 0,0001) onafhankelijk 
van tumor respons. Er werden significant meer complicaties gezien na radiotherapie na inductie 
chemotherapie (p=0.009), vergeleken met patiënten die behandeld werden met inductie 
chemotherapie en een operatie.

Verbeterde overleving van gelijktijdige chemoradiatie ten opzichte van sequentiële chemoradiatie 
heeft als bijkomend nadeel dat er een toename van ernstige oesophagitis wordt waargenomen 
(graad 3-4), van 4 tot 18% (relatieve risico, 4.9; 95% CI, 3.1-7.8; p<0.001).8 Comorbiditeit en chirurgie 
gerelateerde morbiditeit en mortaliteit kan worden beperkt door patiënten, gediagnosticeerd met 
een niet-kleincellig longcarcinoom stadium III, in een centrum te behandelen.25,26,27,28

figuur 2. Trends in relatieve overleving bij patiënten met een niet-kleincellig longcarcinoom per stadium IIIA en 
IIIB (met dank aan Miep van der Drift).7
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Ondanks het gegeven dat de huidige data gelijktijdige chemoradiatie als gouden standaard 
ondersteunen, is er discussie over: de combinatie van middelen, de totale bestralingsdosis en het 
schema van toedienen. Daarnaast is inductie - en consolidatie therapie onderzocht en geen van 
tweeën heeft een voordeel laten zien.29,30,31 Ook de optimale strategie van de radiotherapie is nog 
niet vastgesteld. Studies aangaande de verschillende bestralingsdoseringen32 met verschillende 
schema’s, hypergefractioneerd, geaccelereerde radiotherapie en de intensiteit gemoduleerde 
radiotherapie (IMRT) 33, 34, 35, 36, 37 heeft geen duidelijke conclusies opgeleverd maar kan veelbelovend 
zijn. De optimale radiatie dosis is 60-70 Gy, maar of 74 Gy 38 veilig gegeven kan worden is niet 
bekend. Tijdens de ASCO 2013 hebben Bradly et al. de resultaten van een fase III studie besproken 
waar een groter risico op overlijden (56%) en een toegenomen kans op een lokaal recidief (37%) 
werd geobjectiveerd, indien 74 Gy gelijktijdig werd gegeven met carboplatine/paclitaxel in plaats 
van 60 Gy.32 Nieuwere 3 en 4 dimensionale conforme technieken en respiratoire gating, bedoelt 
om gezond weefsel zoveel mogelijk te sparen door de ‘off-target delivery’ van de oesophagus, 
ruggenmerg en longen te beperken, zijn veelbelovend.36

Naar doelgerichte therapie en het gebruik van biomarkers om te kunnen voorspellen welke 
patiënten het meeste kans hebben om voordeel te hebben van een bepaalde therapie, wordt 
veel onderzoek gedaan. Een van de meest bruikbare bio markers is de ‘epidermal growth factor 
receptor mutation’  (EGFR-mutatie). Er is vaak sprake van een over expressie van EGFR in 30-80% 
van de patiënten met NSCLC.39 Ioniserende straling activeert de EGFR-signaaltransductie die leidt 
tot verminderde gevoeligheid voor radiotherapie.39 Daarom hebben EGFR-remmers gecombineerd 
met radiotherapie mogelijk een synergistisch effect, waardoor de sensitiviteit voor radiotherapie 
wordt vergroot, als aanvulling op het antiproliferatieve effect.40 Voor andere nieuwe middelen zijn 
de gegevens nog gelimiteerd, prematuur of teleurstellend en verder onderzoek is nodig.40

Het niet-kleincellig longcarcinoom stadium III is een heterogene groep waarbij patiënten zich 
presenteren met microscopische mediastinale lymfeklier metastasen tot zeer uitgebreide 
mediastinale metastasering (N2/N3-ziekte). Daarom zal het geen verrassing zijn dat een enkele 
behandeling (chemoradiotherapie) niet kan voldoen aan de behoeften van alle subgroepen. De 
derde ACCP richtlijn heeft dit probleem op een andere manier benaderd door de patiënten in studies 
binnen het niet-kleincellig longcarcinoom stadium III in drie groepen onder te verdelen (tabel 3).8 
Deze drie groepen zijn: patiënten  met infiltrerend stadium III (N2/N3) 1, patiënten  met discrete 
mediastinale (N2) betrokkenheid 2 en patiënten met patiënten met micrometastasen (verborgen 
N2 betrokkenheid) ondanks uitgebreide mediastinale stadiering.3 Tabel 3 geeft een idee van de 
behandelstrategie die bij voorkeur in studieverband moet plaats vinden.8

Is er een plaats voor chirurgie binnen de multimodaliteit behandeling van het niet-kleincellig 
longcarcinoom stadium III? Twee gerandomiseerde onderzoeken hebben geen overlevingsvoordeel 
aangetoond bij het inzetten van chirurgie binnen de multimodale behandeling van het niet-kleincellig 
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longcarcinoom stadium III.9,10 Deze onderzoeken waren niet in staat om de nuances te evalueren 
die inherent zijn aan de heterogeniteit van deze groep patiënten. Met daarbij het mogelijke 
oncologische voordeel dat een operatie patiënten kan bieden, in specifieke subgroepen.41 Zoals 
aanbevolen in dit proefschrift, moeten patiënten met het niet-kleincellig longcarcinoom stadium 
III, accuraat gestadiëerd worden omdat de aanwezigheid van mediastinale lymfekliermetastasen 
een directe impact hebben op prognose en behandelmogelijkheden. Het besluit of chirurgie 
onderdeel uitmaakt van de multimodale behandeling, moet gemaakt worden voorafgaand aan 
iedere vorm van therapie door een multidisciplinair team inclusief een ervaren longchirurg en een 
radiotherapeut. Door het gebruik van minimaal invasieve technieken (EUS-FNA en EBUS-TBNA) kan 
de eerste mediastinoscopie gebruikt worden om ‘downstaging’ te bevestigen tijdens restadiering. 
Patiënten met een respons op inductie behandeling en een tumor vrij mediastinum hebben een 
betere prognose.42,43 Chirurgie kan overwogen worden als een lobectomie mogelijk is. Omdat 
de overleving afhankelijk is van de ervaring van de Chirurg44 en het aantal procedures verricht in 
een ziekenhuis45, moeten patiënten na inductie behandeling geopereerd worden in hoog-volume 
gespecialiseerde centra. 

Met zoveel onbeantwoorde vragen, blijft het essentieel om patiënten met niet-kleincellig 
longcarcinoom stadium III in studieverband te behandelen.

 

figuur 3. Een weergave van de heterogene patiënten karakteristieken van stadium III long kanker en de inclusie 
van verschillende patiënten subtypen in klinische studies om behandelingsmodaliteiten te evalueren voor 
patienten met stadium III ziekte (overgenomen uit Ramnath et al).8
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Na vele jaren is het ‘verboden woord’ dan toch afgekomen en mag er weer volop over gesproken 

worden. Dit boekje schrijven naast mijn opleiding, waar de kliniek altijd harder aan mij trok dan 

het onderzoek, mijn gezin en alle dingen die het leven (leuk) maken, was een behoorlijke klus. Dit 

alles heeft het proces zeker niet bespoedigd. Dat dit proefschrift er nu ligt is aan velen te danken. 

Daarom wil ik iedereen bedanken die hier een aandeel in heeft gehad. Een aantal, wil ik hier met 

toelichting noemen. 

Allereerst gaat mijn dank uit naar alle patiënten die vrijwillig in een moeilijke periode van hun leven 

hebben meegedaan aan dit onderzoek.

dr. Franz Schramel, beste Franz, zonder jou was dit proefschrift nooit geschreven en was ik nooit 

longarts geworden. Ik heb veel van je geleerd en heb mijn hart verpand aan de longoncologie. 

Het stimuleren en corrigeren van het wetenschappelijk werk wat zich soms in geheel eigen tempo 

ontwikkelde (en meestal niet jouw tempo) is prijzenswaardig. Het kon vriezen en het kon dooien, 

geheel volgens de lijn van dit onderzoek waren er meer doden dan Friezen.

Prof. dr. Egbert Smit, beste Egbert, wat ben ik blij met jouw begeleiding tijdens het schrijven van dit 

proefschrift! In het begin was het even wennen, als je weer met de ‘rode pen’ in de weer geweest 

was, waardoor de verwarring alleen maar groter werd. Er kwamen vooral vragen terug. Maar wat 

heb ik daar veel van geleerd. Je scherpte, je feilloze gevoel om ieder ‘lijk in de kast’, eruit te halen en 

je allergie voor teksten zonder doel. Ook kan ik altijd met mijn klinische vragen bij je terecht. Dank 

je wel voor de prettige samenwerking! 

Prof. dr. Jan Grutters, beste Jan, dank voor de fijne samenwerking en het feit dat je mijn promotor 

wilde zijn. Ik heb veel van je geleerd. Ik wil je bedanken voor alle kansen die ik heb gehad en de 

ruimte die ik kreeg om uiteindelijk mijn keuzes te maken en mijn hart te volgen.

Mijn dank en gedachten gaan in het bijzonder uit naar wijlen Prof. dr. van den Bosch.  

Maatschap longziekten St. Antonius Nieuwegein, dank voor een allround opleiding en daarnaast 

nog alle kansen voor onderzoek. Ook wil ik jullie bedanken voor jullie vertrouwen in mij als collega, 

ik heb met zeer veel plezier bij jullie en met jullie gewerkt. Dank voor jullie begrip toen ik toch 

eindelijk een andere keuze maakte. 

Alle co-auteurs, veel dank voor jullie bijdrage.

Dr. Miep van der Drift, beste Miep, fijn dat ik je data en figuren mocht gebruiken uit je 

promotieonderzoek. Met jouw onderzoek plaats je de behandeling van het NSCLC stadium III in een 

maatschappelijk kader, zeer zinvol voor mijn discussie. Tot ziens op een volgend oncologie congres!
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De leden van de promotie commissie; de hooggeleerde heren van Diest, Groen, Kummer, Lammers 

en van Vulpen, dank ik voor de bereidwilligheid zitting te nemen in de promotiecommissie en het 

kritisch doornemen van dit proefschrift.

Dames van de oncologiedagbehandeling en de research afdeling van het St. Antonius Ziekenhuis, 

Nieuwegein. Dank voor het opzoeken van alle lijstjes, invullen van vele controles en het werkplezier 

wat ik al die jaren bij jullie op de ‘dagbehandeling’ heb ervaren. Nanny, Angelique en Mirjam, dank 

voor alle moeite. Angelique, dank voor het geduld waarmee je diverse data bases hebt gevuld. 

Miriam, dank voor al je hulp rondom de NVALT 6, wat een klus.

Beste Erna en alle andere dames van het secretariaat longziekten van het St. Antonius Ziekenhuis 

Nieuwegein. Dank voor alle hulp bij de afronding van dit boekje in de laatste fase en al die jaren.

Beste Thomas Visser, bibliothecaris van het MCHaaglanden, voor jou moet het ook een feest zijn dat 

dit proefschrift eindelijk af is. Al die ladingen artikelen, die je weer ergens vandaan wist te halen. Ik 

heb veel aan je hulp gehad. 

Mijn collega’s van de vakgroep longziekten MCHaaglanden wil ik bedanken voor de gezellige en fijne 

samenwerking, waardoor ik weer iedere dag met plezier naar mijn werk ga. En voor het begrip op 

de juiste momenten waardoor ik dit traject ook weer achter me kan laten. Op naar het volgende 

avontuur!

Marianne en Anneke, onze secretaresses van het MCHaaglanden, dank voor jullie hulp.

Lieve vrienden en familie, altijd was er weer interesse in dat boekje, de ene keer zat ik er meer op 

te wachten dan de andere keer, jullie hebben volgehouden. Gelukkig maar, want ik ben er weer.

Lieve Annemarie, Annie (voor intimi), eindelijk op dezelfde werkplek, vertrok ik weer. Uit het 

ziekenhuis en uit de stad. Dat mag de pret zeker niet drukken. Op het moment dat er keuzes gemaakt 

moeten worden dan ben je er, hoogzwanger of niet!

Lieve Sjaan en Ilse, Inmiddels ken ik jullie de helft van mijn leven, goed dat jullie weer naast me 

staan! Lieve Sjaan, Een van de twee mensen in mijn omgeving (naast de leescommissie) die dit hele 

boekje ook daadwerkelijk gelezen heeft. Onverstoorbaar en stralend ging je door de gort droge tekst 

heen. Dank je wel daarvoor, het is absoluut een heel stuk leesbaarder door jou. Lieve Ils, wie had 

dit ooit gedacht op die eerste dag van onze studie geneeskunde toen we naast elkaar belanden in 

de collegezaal. Dankzij jou heeft dit hele avontuur eerder langer dan korter geduurd, maar dat was 

het dubbel en dwars waard. Want natuurlijk moest ik op zijn tijd broodnodig ontspannen. En dat 
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promoveren was toch niets voor ‘ons’, nou deze is ook voor jou! En lady’s, de tijd voor leuke dingen 

is weer aangebroken!

Lieve Bart en Jasper, dank jullie wel voor alles en vooral voor het feit dat jullie je zusje zelden tot 

nooit serieus nemen, dat is zo goed voor mij. Leonie en Esther, dank voor alle gezelligheid.

Mijn lieve ouders, mam, ongelofelijk dat je dit mee mag maken, wie had dat ooit nog gedacht. 

We hebben een engel op onze schouders. Pap, je bent een rustpunt in mijn leven.  Door jullie 

(niet te corrigeren) rotsvast vertrouwen in je eigen kinderen, hebben wij alle kansen gekregen. Al 

was die promotie het laatste wat jullie voor mij voor ogen hadden. Vol enthousiasme hebben jullie 

ons jarenlang ondersteund in de zorg voor de kinderen. Dit hebben Jan-Willem en ik nodig gehad 

en vooral enorm gewaardeerd. En mam, ook jij hebt dit boekwerk doorgeworsteld, dank voor alle 

correcties.

Allerliefste Sofie, Sam en Charlotte, jullie vonden dat ik wel heel vaak in ‘dat boek’ moest schrijven. 

Nu is het klaar! 

Lieve Jan-Willem, zelf vond je dat er toch minstens een hoofdstuk aan gewijd moest worden, over 

wat jij hebt gedaan en vooral moest laten voor dit proefschrift. De tijd is nu weer van ons. Ik heb je 

liever, liefste, elke dag.
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ACCP  American College of Chest Phycisians

AF  Atrial fibrilation

ALK  Anaplastic lymphoma kinase 

ARDS  Acute respiratory distress syndrome 

ASCO  American Society of Clinical Oncology

CCRT  Concurrent chemoradiation therapy 

CHART  Continuous hyperfractionated accelerated radiotherapy

CHS  Central hilar structure 

CI  Confidence Interval

CMT  Combined modadlity treatment

CR  Complete response

CT  Computed tomography

CTC  Common toxicity criteria

CTV  Clinical target volume

CUS-NA  Combined ultrasound-needle aspiration

DLco  Diffusing capacity for carbon monoxide 

EBUS-TBNA Endobronchial ultrasound (with real-time guided) transbronchial needle aspiration 

ECM  Extended cervical mediastinoscopy 

ECOG  Eastern Cooperative Oncology Group 

EGFR  Epidermal growth factor receptor 

EORTC  European Organisation for Research and Treatment of Cancer

ERS  European Respiratory Society

ESTS  European Society of Thoracic Surgeons

EUS-FNA  Endoscopic ultrasound (EUS) -fine needle sspiration (FNA) 

FDG-PET-scan Fluorodeoxyglucose -positron-emission-tomografie

FEV1  Forced expiratory volume in one second

 

FISH  Fluorescent in situ hybridization 

FN  False negative

FP  False positive

FU  Follow up

GLCCG  German Lung Cancer Cooperative Group

GTV  Gross tumor volume

Hb  Hemoglobin 

IHC  Immunohistochemistry 

IMRT  Intensity-modulated radiotherapy 

IVC  Inspiratory vital capacity



abbreviations

 181 

Kco  Co transfer coefficient

miRNA  MicroRNA

MLN  mediastinal lymph node 

MLND  Mediastinal lymph node dissection

MLNS  Mediastinal lymph node sampling

MRI  Magnetic resonance Imaging

N  Narucke

NCT  Neoadjuvant chemotherapy

NPT  Negitive predictive value

NSCLC   Non-small-cell lung carcinoma 

NTVG  Nederlands Tijdschrift voor Geneeskunde

NVALT  Nederlandse Vereniging van Artsen voor Longziekten en Tuberculose

OS  Overall survival

pCR  Pathological complete response 

PD  Progressive disease 

PET-scan  Positron emission tomography 

PPV  Positive predictive value

PR  Partial response

PTV  Planning target volume

R0  Pathological complete (resection)

RECIST  Response Evaluation Criteria in Solid Tumours

ROSE  Rapid onsite cytopathologic evaluation

RTOG  Radiation Therapy Oncology Group

SCLC  Small cell cung cancer

SD  Stable disease 

TEMLA  Transcervical extended mediastinal lymphadenectomy 

TNM  Tumour Node Mestastis

V20  Volume of both lungs minus the PTV receiving the threshold dose

 

VATS  Video-assisted thoracic surgery 

WHO  World Health Organisation
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als arts-assistent-niet-in-opleiding interne geneeskunde in het Diaconessenhuis te Utrecht (opleider: 
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de basis van dit proefschrift werd gelegd. Tussen 2003 en 2005 heeft zij de vooropleiding interne 

geneeskunde, behorend bij de opleiding tot longarts, volbracht in het St. Antonius Ziekenhuis te 

Nieuwegein (opleiders: dr. HCM Haanen, Prof. dr. DH Biesma). Daar vervolgde zij ook de opleiding 
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