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Chapter 11

ENGLISH SUMMARY
This thesis describes the daily clinical practice of staging patients with 
non-small cell lung cancer (NSCLC). In the introduction (Chapter 1), the 
staging algorithm is described. The clinical stage for patients with NSCLC - 
which can be aggregated from the T (tumor), N (node) and M (metastasis) 
descriptors, guides the decision making process during multidisciplinary 
tumor board (MTB) discussions. The staging algorithm usually consists of a 
fluorodeoxyglucose-positron emission tomography-computed tomography 
(FDG-PET-CT), combined with invasive staging modalities to stage the hilar 
and mediastinal lymph nodes, such as an endoscopic ultrasound (EUS), 
endobronchial ultrasound (EBUS), and sometimes a (video)mediastinoscopy. 
A magnetic resonance imaging (MRI) scan of the brain is advised in clinical 
stage III disease.

For all studies in this thesis, data were used from the Dutch Lung Cancer 
Audit (DLCA), previously known as the Dutch Lung Surgery Audit (DLSA). 
Chapter 2 describes the DLSA and DLCA, explains the intention for which 
it was designed and how it is developed. It shows that basic patient 
characteristics do not differ significantly from 2012 to 2015, so selection 
bias does not seem to play a large role in studies from the early years of the 
audit. Parallel with the increased patient registration by individual caregivers 
and hospitals, it is interesting to note that the outcome of certain process 
indicators also increased significantly over the years. We believe that the 
audit played an important role in the increased awareness of the dutch 
surgeons and instigated these improvements.

The agreement of cTNM and the ‘true’ stage (pathological stage or pTNM) 
is a measure of staging accuracy and is considered an important indicator 
of the diagnostic process. In Chapter 3 we analyse the accuracy between 
cTNM and pTNM in patients with stage IA to IIIB NSCLC who have undergone 
a resection with data from the DLCA (2013-2014). Of the 2,336 patients 
with resected NSCLC that were included in this period, 54.6% had a cTNM 
that corresponded with the pTNM. In this population, 15.1% of patients 
were clinically overstaged and 30.3% clinically understaged. Unforeseen 
N2 disease was found in 6.3% of patients. 

In Chapter 4 we perform an in-depth analysis of the patients with stage I 
NSCLC that were included in the study population described in chapter 3. 
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In this cohort we found a concordance between cTNM and pTNM of 59.9%, 
resulting in incorrect staging in 40.1% of patients. In 22.6% of patients, 
pathological examination of the resected specimen revealed stage II disease 
or higher, an indication for adjuvant chemotherapy. The other patients that 
were staged incorrectly moved from stage IA to IB or vice-versa. Upstaging 
to pathological stage II was due to nodal metastases in 14.9% (pN1-2), of 
which 5.5% was unforeseen N2 disease. In patients with clinical stage T2a 
tumors, 21.3% had nodal metastases, 14.5% being N1 and 6.7% being N2 
disease. 

In Chapter 5 we describe the staging process for all patients with pathological 
stage IIIA disease operated from 2013 to 2015. In this study, 527 patients 
with pathological stage IIIA NSCLC were included, of which 254 patients 
had unforeseen N2 disease (7.1%). In these 254 patients, 18 endoscopic 
ultrasounds, 62 endobronchial ultrasounds and 67 (video)mediastinoscopies 
were performed preoperatively. Only a very small group of patients (n=8) 
with suspicious N2 nodes on the PET did not receive invasive mediastinal 
staging procedures. Guidelines advise neo-adjuvant therapy in patients 
with resectable NSCLC with limited N2 disease, however, 40 patients in this 
cohort were operated upfront. Unfortunately, the DLCA does not contain 
information on the decision-making process in these patients.

In Chapter 6 we analyzed 1,729 patients who underwent surgery between 
2012-2016 and had a (video)mediastinoscopy as part of their staging process. 
Primary question in this analysis was whether (video)mediastinoscopies 
were performed according to current guidelines, and whether the incidence 
of unforeseen N2 disease correlated with adherence to the Dutch or 
European guideline. The Dutch guideline recommends mediastinal biopsies 
of two ipsilateral stations, 1 contralateral station and station 7. The European 
guideline recommends to biopsy station 4 on the left and right side, and 
station 7. In 51% of patients the Dutch guideline was followed, 75% of 
patients were staged according to the European guideline. In patients who 
had a (video)mediastinoscopy that met the Dutch guideline, significantly less 
unforeseen N2 disease was seen compared to those meeting the European 
guideline (8.6% versus 11.9%, p=0.043). 

In Chapter 7 we continue with a comparison of patients from 2013 to 2016 
from the Dutch and Danish national databases on lung surgical care with an 
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emphasis on morbidity, mortality and clinical staging. Where Danish lung 
surgery is highly centralized (4 centers performing lung surgery), this is not 
the case in the Netherlands (43 centers performing lung surgery in 2016). In 
addition, both countries have a different governance and financial coverage 
of their health care system. When focusing on patients with NSCLC without 
metastases, with no previous thoracic operation and no neo-adjuvant 
therapy, 30-day mortality was comparable between the two countries 
(1.5% in Denmark and 1.9% in the Netherlands (not significant), risk adjusted 
mortality rate 1.7% and 1.8%, respectively (not significant)). The percentage 
of patients with a complicated course was 24.4% and 34.8% in Denmark and 
the Netherlands respectively (p<0.05). Overall accuracy of the clinical staging 
process was 53.0% in Denmark and 52.9% in the Netherlands. We believe 
that national audits should be comparable between different countries, as 
this makes a comparison between different healthcare systems, governance, 
centralization, and their effects on outcomes possible. Unfortunately it is 
hard to draw firm conclusions between Denmark and the Netherlands 
when comparing the Danish Lung Cancer Registry (DLCR) and DLCA due to 
different data definitions. 

Chapter 8 comprises a review of the literature and our reflections on 
clinical staging, and possible implications for adjuvant chemotherapy. It is 
clear that in stage I NSCLC, staging is most accurate when compared with 
higher stages. When considering stereotactic ablative radiotherapy (SABR) 
as a treatment for potentially operable patients with stage I disease, it is 
important to take several issues into account. For example: in patients with 
hilar lymph node metastasis (N1) surgical resection is the primary choice of 
treatment, followed by adjuvant chemotherapy, which results in an increased 
prognosis by 4% in 5 years. When 22.6% of patients with clinical stage I 
is upstaged to stage II or higher after resection, adjuvant chemotherapy 
would be withhold in nearly a quarter of patients treated with SABR for this 
stage disease. Clinical stage II disease necessitates mediastinal lymph node 
staging, due to either tumor size, N1 lymph nodes or central localization of 
the tumor. An EBUS centered approach on staging the mediastinum should 
be chosen. Surgery remains the primary treatment modality and platinum-
based adjuvant chemotherapy gives a 4% 5-year survival benefit. Stage III 
disease comprises a heterogeneous group of tumors, varying from small 
tumors with bulky, multilevel mediastinal lymph node involvement to large 
tumors, or tumors involving other structures such as vertebrae or major 
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vessels. In this patient category occult distant metastases are anticipated, 
so an MRI of the brain is advised in addition to the regular staging routine 
with at least PET and CT. Depending on resectability of the disease, curative 
intent treatment might be induction therapy with surgical resection or 
definitive chemoradiotherapy, currently followed by Durvalumab.

In Chapter 9 we comment on two expert reviews of the manuscript in chapter 
8. Subject of debate is the indication for adjuvant chemotherapy based on 
tumor size alone. Considering the results of the CALGB 9633 trial, patients 
with tumors >4cm seem to benefit from adjuvant chemotherapy. The 
current edition of the TNM classification makes the indication for adjuvant 
chemotherapy clearer as stage IIA comprises tumors >4cm instead of >5cm 
(compared to TNM 7, where tumors >5cm were staged as IIA). Furthermore, 
restaging after induction therapy is discussed; in locally advanced NSCLC, 
the advice should be to restage mediastinal and hilar lymph nodes after 
induction therapy, since the added value of surgery in yN0-1 patients is more 
clear than in patients with persistent nodal involvement yN2.

Chapter 10 contains the discussion and future perspectives on clinical 
staging of NSCLC; a topic with many interesting challenges ahead.
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