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Abstract

Identification of evidenced-based Quality of Care (QoC) indicators for lung cancer 

care is essential to quality improvement. The aim of this review was to identify 

evidence-based quality indicators for the management of stage I-III Non-Small Cell 

Lung Cancer (NSCLC) provided by the lung physician. To obtain these indicators, 

a search in PubMed, Embase and the Cochrane library database was performed. 

English literature published between 1980-2012 was included and search terms 

regarding ‘lung neoplasms’, ‘quality of care’, ‘pathology’, ‘diagnostic methods’, 

‘preoperative and postoperative treatment’ were used. The potential indicators 

were categorised as structure, process or outcome measures and the indicators 

supported by literature with high evidence level were selected. Five QoC indicators 

were identified. The use of the positron emission tomography-computed 

tomography (PET-CT) results in more accurate staging compared to the computed 

tomography (CT) scan. Endoscopic Ultrasound-Fine Needle Aspiration and 

Endobronchial Ultrasound-Fine Needle Aspiration are sensitive diagnostic tools for 

mediastinal staging and reduce futile thoracotomies. Pathological conformation 

of lung cancer can best be obtained through a combination of cytological and 

histological diagnostics used during bronchoscopy. For patients with clinical stage 

III NSCLC, preoperative multimodality treatment (i.e. preoperative chemoradiation) 

results in increased mediastinal downstaging compared to single modality 

treatment (i.e. preoperative chemotherapy or radiotherapy). After surgery, the 

addition of chemotherapy results in a significant survival benefit for patients with 

pathological stage II and III NSCLC. These five QoC indicators can be used for 

benchmarking and ultimately quality improvement of lung cancer care .
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Introduction

The pre- and postoperative management of patients with stage I-III Non-Small 

Cell Lung Cancer (NSCLC) covers a broad area, including diagnostic procedures, 

staging, preoperative and postoperative treatment. Before a lung physician can 

start treatment, adequate staging has to be performed with subsequent collection 

of pathological specimens. Adequate staging results in patients being directed 

towards the most effective treatment, consisting of (preoperative) chemotherapy, 

radiotherapy or chemoradiation. Also, accurate staging results in less futile 

thoracotomies, consequently reducing costs1,2.

To assess the quality of care for patients with stage I-III NSCLC, the identification of 

evidence-based quality of care (QoC) indicators is required. Therefore, Donabedian 

developed a model which provides a framework for quality evaluation. In 

his model, QoC indicators were categorised as structure, process or outcome 

measures3. Structure measures are related to the setting in which healthcare is 

provided; process measures refer to the diagnostic methods or treatment used and 

outcome measures reflect the (patient) outcomes after treatment. Although the 

identification of QoC indicators for lung cancer care has gained growing interest 

in literature, to our knowledge no systematic evaluation of evidence-based QoC 

indicators describing the pre-and postoperative management for patients with 

potentially curable NSCLC has been performed4,5.

The aim of this study was to identify evidence-based quality indicators for the pre- 

and postoperative management of stage I-III NSCLC.

Material and Methods

Literature search
Initially, a search was performed covering the perioperative care for patients with 

stage I-III NSCLC. The search was conducted through the use of PubMed, Embase 

and the Cochrane library database by using Medical Subject Headings (MeSH) 

terms and text words. Search terms regarding ‘lung neoplasms’, ‘quality of care’, 

‘diagnostic methods’, ‘pathology’, ‘surgical treatment’, ‘pre- and postoperative 

treatment’ were used, limiting our search to English literature with human subjects, 
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published between 1980 and 2012. Finally, identical publications were removed. 

Due to the comprehensive nature of this topic, the articles were divided into two 

physician-specific topics: lung cancer care provided by the lung physician (i.e. 

diagnosis, staging, pre- and postoperative treatment) and treatment guided by 

the thoracic surgeon (i.e. (direct post)operative management). The results of the 

systematic evaluation on QoC indicators regarding the management of stage I-III 

NSCLC provided by lung physicians is presented here.

Selection process
A Delphi technique was used to select relevant articles. Three authors (RCN, MtB, 

MWW) participated in the initial search, whereas two reviewers (RCN and MtB) 

selected relevant articles based on the title and abstract of the manuscript. The 

selected articles were obtained in full text and included if the manuscript described 

a structure, process or outcome measure regarding the pre- or postoperative 

management of patients with stage I-III NSCLC. If any disagreement regarding the 

inclusion of studies occurred, a third reviewer (MWW) was consulted.

Manuscripts were excluded when an incomplete case-mix was presented or 

pathological data was missing. If manuscripts described an identical study 

population, the manuscript providing the most complete follow-up data was 

selected. To prevent studies from being included twice, the studies used in the 

meta-analyses selected in our review were excluded from our final database. After 

the final database was completed, the reference lists of the included manuscripts 

were hand checked to identify additional relevant articles. Systematic reviews were 

used to identify additional articles but were not included in our final database.

Categorisation
The retrieved manuscripts were categorised based on their study design: meta-

analysis, randomized controlled trial (RCT), prospective study, retrospective study. 

To present a transparent overview of the available literature, manuscripts with 

the highest level of evidence were selected; this hierarchical selection process is 

depicted in figure 1.
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Figure 1. Hierarchical selection process.

Evidence level
To present a list of evidence-based QoC indicators, indicators were summarised 

in a two-step process. First, the available evidence was summarised within one 

of the four categories (meta-analysis, RCT, prospective study, retrospective study); 

the number of manuscripts not supporting a QoC indicator was subtracted from 

the number of manuscripts supporting it. In the case of an equal distribution of 

articles in favour or against a specific QoC indicator, the outcome was specified 

as ‘no difference’. Secondly, after summarising the available evidence within one 

of the four categories, the evidence was compared between the four categories. 

For example, if the summarised evidence in all the four categories was in favour 

of the specific QoC indicator, we concluded that ‘the indicator was supported by 

literature’. When the summarised evidence resulted in contradiction, the outcome 

was classified as ‘inconclusive’.
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Results

After the initial search, 9011 articles were identified (PubMed 5035, Embase 
3976, Cochrane no additional articles). The removal of identical publications 
resulted in 5314 articles being included in the database. After screening of the 
title (3919 articles excluded), abstract (816 articles excluded) and manuscript 
(324 articles excluded), the final database consisted of 255 articles. Applying 
the hierarchical selection process displayed in figure 1, a total number of 41 
articles was excluded. After handsearching reference lists, 60 studies were 
added to the final database, which consisted of 274 articles (Figure 2). For this 
review we selected the articles regarding the lung cancer care provided by the 
lung physician (N=131).

Included articles N=5314

Included articles N=1395

Included articles N=579

Excluded after screening of the title
- Study population N=1396
- Treatment N=2274
- Study design/diagnostic method N=249

Excluded after screening the abstract
- Study population N=34
- Treatment N=152
- Study design/diagnostic method N=517
- No abstract available N=113

Included articles  N=255

Excluded after screening the manuscript
- No potential quality of care indicator is described
N=324

Excluded after applying the hierarchical selection 
process N=41

Total number of manuscripts included N=274

Included articles  N=214

Included manuscripts after screening reference lists 
N=60

Pre- and 
postoperative 
management

N=131

Peri- and direct 
postoperative 
management

N=143

Figure 2. Included and excluded articles.
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Process indicators
Diagnosis - Preoperative pathology

We focused on studies comparing histological and cytological diagnostic methods 

used during bronchoscopy for both visible and non-visible intrapulmonary 

lesions (Appendix A). Seven prospective studies compared Forceps Biopsy (FB) to 

cytological examination (i.e. brush biopsy (BB), washing or trans/endobronchial 

fine needle aspiration (TBNA/EBNA)) in both visible and non-visible tumours6-12. 

Four out of seven studies showed a higher diagnostic yield when cytopathological 

examination (i.e. BB and TBNA) was compared to FB in both visible and non-visible 

tumours (the diagnostic yield of cytopathological examination ranged from 81.8-

95.7% versus 50.5-81.5% of histopathological examination)6, 10-12.

Twelve studies investigated the additional diagnostic yield when cytopathological 

examination is combined with histological procedures8, 10, 11, 13-21. All studies showed 

that the combination of both diagnostic methods increased the diagnostic 

yield of the bronchoscopic procedure, in both visible8, 10, 13, 16-21 and non-visible 

tumours10, 14-16, 19, 20 (diagnostic yield of FB ranged from 36.5-93.7%; the addition of 

cytopathological examination increased the diagnostic yield with 2.9-57.8%). Three 

prospective studies evaluated the additional diagnostic yield when TBNA was 

added to the ‘standard diagnostic procedure’ (a combination of FB, BB, bronchial 

washing)22-24. All studies demonstrated that the addition of TBNA significantly 

increased the diagnostic yield when added to the standard procedure (diagnostic 

yield increase of 18-21%).

Staging - Non-invasive staging techniques

There is a growing body of literature regarding the role of positron emission 

tomography (PET) in mediastinal staging (Appendix B). A meta-analysis by Birim 

et al. comparing PET to CT for mediastinal staging, found a higher sensitivity and 

specificity in favour of the PET scan (estimated overall sensitivity 85%, 95% CI 77-87 

versus 59%, 95% CI 50-67 respectively; estimate overall specificity 92%, 95% CI 89-

95 versus 78%, 95% CI 70-84)25. The importance of PET is substantiated by additional 

studies (sensitivity of the PET scan ranged from 61-96% versus 37-75% of the CT 

scan; specificity ranged from 86-99% versus 59-96%, respectively)26-38. The addition 

of the PET scan to the ‘standard’ work-up including CT imaging resulted in more 

adequate staging (with a maximal relative reduction of futile thoracotomy of 51%, 

95% CI 32-80)39, 40. In a meta-analysis by Wang et al., the negative predictive value 
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of a PET-CT was 0.87 (95% CI 0.80-0.93)41. Additional studies show that the PET-

CT scan has a lower positive predictive value compared to mediastinoscopy42-46. 

The use of MRI for mediastinal staging did not result in improvement of clinical 

staging47-52.

Staging - Invasive staging techniques

A meta-analysis by Micames et al. shows that endoscopic ultrasound with fine 

needle aspiration (EUS-FNA) is a sensitive modality when used to confirm 

metastasis to mediastinal lymph nodes seen on CT scan (with a pooled sensitivity 

of 83%, 95% CI 78-87; a pooled specificity of 97%, 95% CI 96-98. Appendix 

C)53. EUS-FNA and mediastinoscopy show at least comparable sensitivity and 

specificity in one RCT and multiple prospective studies and the addition of EUS-

FNA can avoid unnecessary surgical exploration54-61. Similar results are seen in 

prospective trials comparing endobronchial ultrasound fine needle aspiration 

(EBUS-FNA) to mediastinoscopy62-64, although the false negative rate of EBUS-FNA 

ranged from 12-28%65, 66. The combination of EUS-FNA and EBUS-FNA results in 

superior mediastinal staging compared to (1) an EUS-FNA or EBUS-FNA as a single 

diagnostic method67-69 or (2) a PET-CT scan70. The combination of endosonography 

and surgical staging yields superior sensitivity and less futile surgery compared to 

surgical staging alone (sensitivity 94 versus 79% respectively, p=0.02; futile surgery 

in 7 versus 18% respectively, p=0.02)71.

Preoperative treatment
Treatment - Preoperative chemotherapy

Five meta-analyses compared preoperative chemotherapy followed by surgery 

with surgery alone and found a significant survival benefit when preoperative 

chemotherapy was added to the surgical treatment of patients with stage I-III 

NSCLC (maximal overall survival benefit, HR 0.66, 95% CI 0.48-0.93; Appendix 

D)72-76. Sub-analysis for stage III NSCLC showed a survival benefit of preoperative 

chemotherapy in one73 out of three meta-analyses (HR 0.84, 95% CI 0.75-0.95)72-74, 

without a detrimental effect on quality of life77. Patients with early stage NSCLC (i.e. 

a combination of stage I and II NSCLC) did not seem to benefit from preoperative 

chemotherapy73. Two studies investigated the effect of chemotherapy timing on 

survival and found no differences in overall and disease free survival between 

patients receiving preoperative or postoperative chemotherapy75, 78.
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Treatment - Preoperative radiotherapy

Two studies investigated the impact of preoperative radiotherapy (RT) on survival79, 

80. Both studies showed no survival benefit for patients with stage I and II NSCLC 

when preoperative radiotherapy was added to surgery. For stage III, however, the 

addition of preoperative RT resulted in a significant better 5-year survival (5-year 

survival 29.4% versus 14.2%, p<0.05)80.

Treatment - Preoperative chemoradiation (CRT)

One meta-analysis81, two RCTs82, 83 and one retrospective study84 investigated 

the effect of CRT compared to preoperative chemotherapy on survival and QoL 

in patients with locally advanced NSCLC. None of the studies demonstrated a 

survival benefit after the addition of radiation to induction chemotherapy, though 

the study by Thomas et al. showed an increased pathological response and 

mediastinal downstaging after CRT (mediastinal downstaging 46% versus 29%, 

p=0.02; pathological response 60% versus 20%, p<0.0001)82. Schumacher et al. 

showed that CRT did not compromise QoL83.

Treatment - Any preoperative treatment

Nine studies investigated the effect of any preoperative treatment (i.e. 

chemotherapy, radiotherapy or CRT) on mortality, morbidity and survival in 

patients with stage I-III NSCLC85-93. Two out of nine studies showed a significantly 

higher mortality (6.3% versus 0.67%, p=0.02) and morbidity rate (55.4% versus 

16.8%, p<0.01) when preoperative treatment was added to surgery92, 93. One 

prospective study found a worse 5-year and disease free survival rate after the 

addition of preoperative chemoradiation to surgery compared to surgery alone85. 

Two RCTs investigated the effect of surgical resection after chemo(radio)therapy 

in patients with stage III NSCLC94, 95. Both studies showed that resection did not 

improve overall survival compared to radiotherapy after preoperative chemo(radio)

therapy, although progression free survival was significantly better in the surgery 

arm compared to RT arm in one study (median 12.8 versus 10.5 months, p=0.017)94.

Postoperative treatment
Treatment - Postoperative chemotherapy

Eleven meta-analyses investigated the effect of postoperative chemotherapy on 

survival (Appendix E)96-106. Three meta-analyses were excluded: two were presented 

as an abstract104, 105 and one was presented as Cochrane review in 2000106. The 



Chapter 3

44

remaining meta-analyses demonstrated that postoperative chemotherapy yielded 

a significant survival benefit for patients with stage I-III NSCLC (maximal survival 

benefit HR 0.74, 95% CI 0.61-0.88)98-105. Sub-analysis showed a detrimental effect of 

postoperative chemotherapy in patients with stage IA NSCLC (HR 1.40; 95% CI, 0.95 

to 2.06)101. Three out of five meta-analyses showed a survival benefit of postoperative 

chemotherapy for patients with early stage NSCLC (i.e. a combination of stage I and 

II NSCLC; OR 0.78, 95% CI 0.64-0.94; HR 0.88, 95% CI 0.83-0.94; RR 0.85, 95% CI 0.79-

0.91)96, 97, 100. For patients with stage III NSCLC two meta-analyses showed a survival 

benefit for patients receiving postoperative chemotherapy (HR=0.91; 95% CI 0.85-

0.96; HR 0.83, 95% CI 0.72-0.94)100, 101. The effect of postoperative chemotherapy 

according to the type of agent used, showed cisplatin-based regimens96, 97-102 and 

oral fluorouracil derivative chemotherapeutic drugs to be effective agents (mainly 

studies from Asia) 96, 98, 99, 102, 103. On the contrary, alkylating agents had a detrimental 

effect on survival (HR 1.15, 95% CI 1.04-1.27)97.

Treatment - Postoperative radiotherapy (PORT)

PORT is addressed in three meta-analyses107-109. The initial attempt to evaluate 

the effect of PORT showed a significant adverse effect of PORT on the survival of 

patients with stage I-III NSCLC (HR=1.21, 95% CI 1.08-1.34)107. Two updates of this 

meta-analysis continued to report the detrimental effect of PORT108, 109. Focusing 

on patients with stage III NSCLC, no evidence of an adverse effect exists107-109.

Treatment - Any postoperative treatment

Five studies compared postoperative chemotherapy or PORT with a combination 

of both treatments97, 102, 110-112. One meta-analysis demonstrated a beneficial effect 

on survival when postoperative chemotherapy was added to PORT for patients 

with stage I-III NSCLC (HR=0.88, 95% CI 0.81-0.97)102. The remaining studies found 

that PORT combined with chemotherapy (concomitant CRT in two studies; 

sequential CRT in the remaining study) did not prolong the survival of patients 

with completely resected stage I to IIIa NSCLC, compared to patients receiving 

PORT alone110-112.
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Comment

This review has identified the available evidence supporting the QoC indicators 

elucidating the pre- and postoperative management of stage I-III NSCLC.

Diagnosis and mediastinal staging
In case of fit patients without respiratory distress, it is preferable to use both 

cytopathological and histological examination during the bronchoscopic 

procedure because of the significant increase in diagnostic yield8, 10, 11, 13-21. The PET or 

PET-CT scan should be used for staging of the mediastinum due to a high negative 

predictive value, which makes it suitable as a first choice diagnostic tool39-46, 113. 

Unfortunately, it has less sufficient positive predictive value, requiring additional, 

invasive diagnostics procedures114-116. When non-invasive diagnostics reveal 

suspected mediastinal lymphadenopathy, EUS-FNA and/or EBUS-FNA should be 

used as first invasive diagnostic tools to confirm lymph node involvement, due 

to the high sensitivity, specificity and accuracy64, 68, 69. If lymph node involvement 

cannot be proven by endosonography, a mediastinoscopy should be performed117.

Preoperative treatment
Patients with early stage NSCLC do not seem to benefit from the addition of 

preoperative chemotherapy to surgery73. Based on the meta-analyses, preoperative 

chemotherapy should be administered to patients with stage III NSCLC73. In line 

with international guidelines, preoperative chemotherapy is reserved for patients 

with stage III NSCLC118. Chemoradiation has been investigated for patients with 

advanced stage NSCLC. Although the addition of radiotherapy to preoperative 

chemotherapy did not result in a survival benefit, an increased mediastinal 

downstaging was seen82-84. Therefore preoperative chemoradiation is a viable 

treatment option for patients with stage III NSCLC.

Postoperative treatment
Postoperative chemotherapy should be offered to patients with a pathological 

stage II or III NSCLC who did not receive preoperative treatment98-105. For stage IA 

NSCLC postoperative chemotherapy is not beneficial103. In line with our results, the 

Cancer Care Ontario and American Society of Clinical Oncology (ASCO) guidelines 

recommend postoperative chemotherapy for patients with stage II and IIIA NSCLC 

but not for patients with stage I disease119.
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For this review our search was limited to literature published between 1980 and 

2012. During the period under evaluation, the 7th edition of the TNM staging 

system was implemented120. Therefore results regarding the effect of postoperative 

treatment need to be interpreted with caution. Literature indicates that a survival 

benefit after postoperative chemotherapy applies to both early stage (i.e. stage I/

II) and advanced stage (i.e. stage III) NSCLC98, 102. Since data on tumour size was not 

collected, it could be that patients with stage IB in these meta-analyses, would be 

classified as stage II in the 7th edition of the TNM staging system. This could give 

the impression that postoperative chemotherapy has a beneficial effect in stage 

1B, while the survival benefit is only present for patients with stage II NSCLC.

Despite the expanding consensus on postoperative chemotherapy, the role of 

PORT still remains controversial. Three meta-analyses report a detrimental effect 

of PORT on survival107-109. However, there is evidence regarding the beneficial 

effect of PORT for patients with mediastinal lymph node involvement (i.e. pN2)121, 

122. Therefore, re-investigating the role of PORT seems attractive. Currently the 

collaborative EORTC (Lung-ART) study is addressing PORT with new radiation 

techniques123.

Limitations
We limited our search to English literature, therefore important articles could 

have been missed. A handsearch of the reference lists was performed, reducing 

the chance of important articles being missed. Due to the absence of adequate 

MeSH-terms such as ‘quality indicator’ and ‘quality of care’, our search was restricted. 

Therefore, we realize conclusions should be drawn with caution.

Future research
The evidence-based process indicators identified in this review are easily 

measurable and their use is clearly linked to improved outcome. Further research 

needs to guide us to the optimal use of these indicators. For instance, applying 

preoperative chemoradiation to all patients with stage III NSCLC does not reflect 

optimal personal care. Additional research must reveal which patients with stage III 

NSCLC will benefit from preoperative chemoradiation and which patients will not. 

However, standardised measurements of the process indicators will give hospitals 

and healthcare providers insight into the use of these indicators which in turn 

makes a comparison between hospitals possible.
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Conclusion
Our review presents a set of five QoC indicators for performance monitoring 

and benchmarking in lung cancer care (Table 1). In the diagnosis and staging 

of NSCLC, the PET(-CT) scan and a combination of EUS-FNA and EBUS-FNA are 

considered indispensable diagnostic methods. To diagnose NSCLC, a combination 

of cytological and histological examination procedures during bronchoscopy 

need to be used. Once NSCLC is diagnosed, preoperative chemoradiation and 

postoperative chemotherapy are important treatment regimes improving outcome 

for patients with advanced stage NSCLC. More research is needed to determine the 

discriminative ability of these QoC indicators, to optimise performance monitoring 

and, ultimately, to improve the quality of lung cancer care.

Table 1. Summary of evidence-based Quality of Care indicators identified.

Type of QoC 
indicator

QoC Indicators Endpoint Level of 
evidence

Process PET(-CT) for staging the mediastinum

EUS and/or EBUS FNA for staging the 
mediastinum

Combining histological and cytological 
diagnostics during bronchoscopy

Preoperative chemoradiation (stage III)

Postoperative chemotherapy (stage II/III)

Sensitivity/Specificity
Negative predictive value
Positive predictive value

Sensitivity

Diagnostic yield/accuracy

Mediastinal downstaging

Survival

Higha

Higha

Higha

Higha

Higha

a evidence consists of at least one meta-analysis
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