European Journal of Cardio-Thoracic Surgery 51 (2017) 411-420 REPORT

doi:10.1093/ejcts/ezw418

Cite this article as: Pedersen JH, Rzyman W, Veronesi G, D’Amico TA, Van Schil P, Molins L et al. Recommendations from the European Society of Thoracic Surgeons
(ESTS) regarding computed tomography screening for lung cancer in Europe. Eur | Cardiothorac Surg 2017;51:411-20.

Recommendations from the European Society of Thoracic Surgeons
(ESTS) regarding computed tomography screening for lung cancer
in Europe

Jesper Holst Pedersen®*, Witold Rzyman®, Giulia Veronesi¢, Thomas A. D’Amico®, Paul Van Schil®,
Laureano Molins’, Gilbert Massard€ and Gaetano Rocco”

Department of Thoracic Surgery RT 2152, Rigshospitalet, University of Copenhagen, Copenhagen, Denmark

Department of Thoracic Surgery, Medical University of Gdansk, Gdansk, Poland

Humanitas Research Hospital, Rozzano, Italy

Thoracic Surgery, Duke University Medical Center, Durham, NC, USA

Department of Thoracic and Vascular Surgery, Antwerp University Hospital, Edegem, Antwerp, Belgium

Thoracic Surgery Respiratory Institute, Hospital Clinic, University of Barcelona, Barcelona, Spain

Service de Chirurgie Thoracique, Hopitaux Universitaires de Strasbourg, Strasbourg, France

Division of Thoracic Surgery, Department of Thoracic Surgical and Medical Oncology, National Cancer Institute, Naples, Italy

Tm "o a0 T o

* Corresponding author. Department of Cardiothoracic Surgery RT 2152 Rigshospitalet, University of Copenhagen, DK-2100 Copenhagen, Denmark.
Tel: +45-35458014; e-mail: jesper.holst.pedersen@regionh.dk (J.H. Pedersen).

Received 11 July 2016; received in revised form 3 November 2016; accepted 30 November 2016

Summary

In order to provide recommendations regarding implementation of computed tomography (CT) screening in Europe the ESTS established
a working group with eight experts in the field. On a background of the current situation regarding CT screening in Europe and the avail-
able evidence, ten recommendations have been prepared that cover the essential aspects to be taken into account when considering im-
plementation of CT screening in Europe. These issues are: (i) Implementation of CT screening in Europe, (ii) Participation of thoracic sur-
geons in CT screening programs, (iii) Training and clinical profile for surgeons participating in screening programs, (iv) the use of minimally
invasive thoracic surgery and other relevant surgical issues and (v) Associated elements of CT screening programs (i.e. smoking cessation
programs, radiological interpretation, nodule evaluation algorithms and pathology reports). Thoracic Surgeons will play a key role in this
process and therefore the ESTS is committed to providing guidance and facilitating this process for the benefit of patients and surgeons.
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INTRODUCTION

Early diagnosis of lung cancer by computed tomography (CT)
screening has in the USA lead to a significant reduction in
lung cancer mortality of 20% in the National Lung Screening
Trial [1, 2]. This was followed by an extensive evaluation of benefits
and harms of CT screening and recommendation for its imple-
mentation by the US Preventive Service Task Force [3, 4] and subse-
quent approval by Medicare [5] Recommendations for CT
screening have been published by many organizations involved in
the diagnosis and treatment of lung cancer: The American
Association for Thoracic Surgery [6], Society of Thoracic Surgeons
[7, American Lung Association [8], National Comprehensive
Cancer Network [9], American Cancer Society [10], International
Association for the Study of Lung Cancer (IASLC) [11], American
Society of Clinical Oncology [12] and also patient advocacy groups
[13]. As a consequence of these initiatives lung cancer CT screening
is now being implemented on a wide population based scale in
the US [5, 13] and in some parts of China [14, 15].

Status for implementation of computed
tomography screening in Europe

In Europe, around 269 000 deaths from lung cancer are expected
in 2016 and it now seems clear that screening and early detec-
tion can contribute to reducing lung cancer mortality. Lung can-
cer screening is yet to be implemented of a large scale, and
remains a public health priority for Europe. CT screening is rec-
ommended in a white Paper by European Society of Radiology
and European Respiratory Society (ERS) [16], in a statement from
the Swiss University Hospitals [17] and European Society of
Medical Oncology [18]. Decisions regarding implementation are
under the jurisdiction of the national health authorities and so
far most European countries await mortality and cost-
effectiveness data of the Dutch-Belgian NELSON CT screening
trial in 2016 and from pooled European Union trials thereafter. It
is stated that European trials should be continued and their
results should be awaited before further decisions are made.

©The Author 2017. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.
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[19-21]. The structure of the health care systems varies greatly
between European countries, and the adoption of CT screening
may vary from country to country. In several European countries
(Netherlands-Belgium, UK, Denmark, Italy, Germany, Poland,
Spain, Switzerland) both observational and randomized CT
screening studies have been performed within the last 10 years.,
and all have provided valuable results and experiences that may
be used in the future refinement and improvement of the
National Lung Screening Trial screening protocols in order to re-
duce false positive rates and to improve cost effectiveness.
Results from the NELSON [22, 23] and DLCST [24] trials demon-
strated ways to achieve low false positive rates. In NELSON, im-
portant results regarding the optimal screening interval were also
achieved [25]. In the UK, the United Kingdom Lung Screening tri-
al, showed that risk stratification of participants was possible in a
screening setting to select a high-risk cohort with minimum 5%
risk of getting lung cancer within the next 5 years [26]. This and
other reports suggests that COPD may be an important selection
criteria for lung cancer screening [27, 28], but also other risk fac-
tors included in risk prediction models may be of benefit [29].

In Europe, implementation of CT screening will most likely fol-
low traditions from other screening programs as for example
breast and colorectal cancer which are already implemented in
many European countries. This implies that CT screening for lung
cancer would be implemented in a form with complete public
financing and public screening centres with population-based re-
cruitment to allow equal access for all eligible citizens [30]. The fi-
nancial burden of this may be considerable and in some countries
public radiology services may be at a shortage. It is therefore ex-
pected that some countries may integrate private operators and
perhaps private financing in this process. Under these circum-
stances, it will be important to have evidence-based guidelines or
recommendations to guide the implementation process in Europe.

A lung cancer screening program with low-dose CT (LDCT)
screening is a complex endeavour with the purpose of identifying
persons without symptoms with lung cancer in an early stage
allowing curative treatment, at the same time avoiding causing
harm to the persons that do not have the disease. To achieve this
during large scale implementation requires that the screening
program is performed according to a systematic, structured,
standardized and validated protocol, and that the quality of the
performance is monitored continuously.

Thoracic surgeons will play a key role in the implementation of
CT screening in Europe. Therefore they also carry a major respon-
sibility for the safety and well-being of persons enrolled in the CT
screening programs in which they take part. The ESTS is commit-
ted to providing guidelines and facilitating this process for the
benefit of patients and surgeons. The ESTS Executive Committee
reviewed and endorsed the final content of this document.

THE GOALS OF THE ESTS WORKING GROUP

Provide recommendations on the following issues in relation to
CT screening for Lung Cancer:

1. Implementation of CT screening in Europe

2. Participation of thoracic surgeons in CT screening programs

3. Training and clinical profile for surgeons participating in
screening programs.

4. Use of minimally invasive thoracic surgery and other relevant
surgical issues.

5. Associated elements of CT screening programs (i.e. smoking
cessation programs, radiological interpretation, nodule evalu-
ation algorithms and pathology reports).

SPECIFIC RECOMMENDATIONS REGARDING
SURGICAL ISSUES IN RELATION TO COMPUTED
TOMOGRAPHY SCREENING PROGRAMS

Recommendation no. 1

Implementation in Europe

The ESTS recommendations are based on the likely scenario that,
in Europe, CT screening for lung cancer will have to be imple-
mented within the next few years. Accordingly, it is envisaged
that each country makes preparations to accommodate and fa-
cilitate the process according to specific cultural, political and
socioeconomic circumstances. In order to successfully implement
high-quality screening programs, it is therefore important that
local conditions are taken into account. As an example, smaller
countries are encouraged to establish partnerships with border-
ing countries and international organizations in order to maxi-
mize their access to research opportunities and the attendant
potential benefit from lung cancer screening programs. The
European Commission (EC) is expected to implement publicly
mandated quality assurance in cancer screening programs but
lung cancer screening is not included among EC health programs
[31]. It is recommended that the European Union should warrant
financial support for designing and implementing early diagnosis
programs, and include lung cancer among priorities in initiatives
such as Horizon 2020.

Countries without previous experience with CT screening for
lung cancer are encouraged to establish demonstration projects
with CT screening for lung cancer in one or two centres, in order
to get experience with the organization and daily practice of CT
screening. These centres should have multi-disciplinary team
(MDT) capabilities (as described elsewhere in this document),
and a minimum screening population of 2000 individuals in
order to have a sufficient yield of screen detected nodules and
lung cancers to rapidly create enough expertise. Central data
registration and quality evaluation is essential for this resource to
be of benefit for the further planning and implementation of
screening.

Countries with previous or ongoing screening centres/trials are
encouraged to prepare a joint protocol and organization for the
national implementation of CT screening, based on these local
experiences. This could be combined with a parallel application
for and initiation of demonstration projects evaluating specific
issues in relation to screening. This could for example be: (i) an
evaluation of the safety and cost effectiveness of biannual screen-
ing, (ii) an evaluation of risk prediction models for selection of
the high-risk cohort for CT screening, (i) an evaluation of safety
and effect of different nodule size cut-offs for the rate of false
positive test results, (iv) an evaluation of individualized screening
protocols based on findings on base line CT screening and (v)
value of biomarkers in CT screening.

It is recommended that when establishing lung cancer screen-
ing programs—checklists are utilized in order to guarantee high-
quality standards, even in the temporary absence of large num-
bers. It is also recommended that the ESTS should prepare a
checklist for high quality lung cancer screening programs in
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Europe, followed by approaches to the UEMS to have endorse-
ment of this checklist at a national level.

Recommendation no. 2

Involvement of thoracic surgeons in preparation of
screening programs
Surgeons should be involved in structuring and implementing of
all screening programs. With the increasing rate of detection of
early lung cancer through screening LDCTs, surgeons will be
called to provide the necessary expertise to obtain both diagnosis
and treatment of screen-detected nodules. According to the
checklist concept of a high-quality lung cancer screening pro-
gram in the USA, the surgeon plays a leading role within the lung
cancer screening MDT, especially with a view to apply the prin-
ciple of adopting the least invasive diagnostic and surgical ap-
proach to achieve the minimal harm and maximal parenchymal
preservation [13, 32].

Major goals of surgical participation in lung cancer screening
programs include [7, 33]:

1. Optimization of the management of screen detected nodules

2. Reduction of false positive rates of surgical biopsies

3. Reduction of surgical incision-related trauma

4. Implementation of national or international risk assessment
guidelines

5. Implementation of a smoking cessation policy

6. Active education of primary care physicians towards lung
cancer screening programs

Accordingly, it is recommended that the surgeon involved in
lung cancer screening programs possess the qualifications and
requirements described in recommendation 5 [33, 34].

In order to provide an optimal profile of safety for the surgical
candidates, the thoracic surgical unit belonging to the institution
participating to the lung cancer screening program must possess
the minimum requirements stated in the ESTS document on
structure and qualification of general thoracic surgery [35].

In addition, thoracic surgeons must demand appropriate
pathologic reporting in line with the most recent World Health
Organization classification and be prepared to provide adequate
tissue for biomolecular characterization [34].

Recommendation no. 3

Multi-disciplinary capabilities and requirements to a
screening centre
A lung cancer screening (LCS) centre should be a centre of excel-
lence based on multi-disciplinary teamwork. In fact, the Lung
Cancer Screening MDT (LCSMdT) should include thoracic radi-
ologists, pathologists, pulmonologists, thoracic surgeons, medical
oncologists, radiation oncologists and nurses who are experi-
enced in lung cancer management and are trained in the process
of screening. An expert in smoking cessation counselling should
be a mandatory member of such a team [36]. The LCSMdT
should ensure standardization of the lung cancer screening path-
way according to established quality assurance protocols as well
as timely and uniform reporting system [37, 38].

All participants of the LCSMdT must be dedicated clinicians
with recognized expertise in the diagnosis, management and

follow-up of screen detected lung nodules and the use of cur-
rently published, evidence-based algorithms and care pathways
[7].

The adoption of a tobacco cessation program and the em-
phasis on a close cooperation with other specialties managing
population diseases (i.e. pulmonologists, cardiologists) are essen-
tial. In fact, a tobacco cessation program is potentially associated
to a reduction in lung cancer specific mortality that exceeds that
from lung cancer screening as well as to an improvement of the
cost-effectiveness of a LCS program [39, 40]. A comprehensive
individualized smoking cessation program should be offered to
all participants. Precise data collection on interventions like en-
rolment, completion, and ‘quit’ rates are of utmost importance to
monitor the outcomes of the LCS program [41].

In this setting, LCS programs should participate in national or
international registries of all aspects of screening such as risk as-
sessment protocols and biological samples collection for the
study of e.g. biomarkers.

Recommendation no. 4

Diagnostic protocols

One of the major topics related to CT screening is the precise
diagnostic algorithm used for management of screen-detected
nodules, the vast majority of which are not malignant [7].
Obviously, it is important not to overlook any early stage lung
cancer and in this way, a high sensitivity is required. Also, an ac-
ceptable specificity is important to limit the number of false-
positive diagnoses which may give rise to unnecessary invasive
procedures [42, 43]. Moreover, the introduction of a new patho-
logical classification for lung adenocarcinoma and its radiological
correlation has had a profound impact on diagnosis and man-
agement of early stage lung cancer [44, 45].

When considering diagnostic protocols several aspects are im-
portant: First of all, the target population has to be clearly identi-
fied showing an increased risk of developing lung cancer. The
National Lung Screening Trial criteria; Age: 55-74, Tobacco ex-
posure of > 30 pack years and no more than 15 years since quit-
ting smoking [1, 2] have been endorsed by all organisations
engaged in screening [9-12, 16, 18]. Some have expanded the cri-
teria to include ages over 50 years in combination with other risk
factors [6, 7, 9]. Inclusion of higher risk groups: age up to 80 and
additional risk factors [3, 4, 9, 16] or risk models selecting individ-
uals with LC risk>5% [26] or 2% [28, 29] over the next 5 years
may be justified in order to increase cost effectiveness [26, 29].
Secondly, consideration should be given to the radiation expos-
ure generated by the CT screening protocol. This has been
achieved by using LDCT with an effective dose of 1 mSv per
scanning, as recommended both in the US [9, 36, 38] and Europe
[16]. Lastly, size and nodule characteristics are important to de-
termine follow-up examinations or referral for other noninvasive
or invasive tests to determine the indication for surgical excision
[35]. Size can be measured and reported as unidimensional, bidi-
mensional or volumetric assessment, and consecutive scans can
enable an evaluation of growth and calculation of nodule volume
doubling time [46, 47]. The lower cut-off size for defining a posi-
tive nodule has great impact on the false positive rate, and a
change to higher cut-offs has been shown to be possible without
a major reduction in sensitivity [36, 48]. Also the distinction be-
tween findings at baseline and at subsequent incidence screen-
ings is important, both with regards to expected findings and the
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false positive rate, which in most European trials was only 1-2%
at incidence screenings [19, 21, 24, 25, 49]. This has important
implications for the implementation of CT screening.

At the present time, no universally accepted protocol for man-
agement of screen-detected nodules exists, and in several of the
prospective randomized trials different protocols were used. The
National Lung Screening Trial defined a positive test result as any
non-calcified nodule measuring at least 4 mm in any diameter,
and consequently had high false positive rates in up to 24% of
the participants [1]. In the USA, an increased cut-off rate from 4
to 6 or 7mm in diameter has been suggested [36, 38].

In the Dutch-Belgian NELSON and the United Kingdom Lung
Screening trials volumetric measurements with specific volume
criteria were used [16, 26, 46]. The positive screenings had a pre-
dictive value of 40.6% reducing false-positive results to 59.4%
[47]. Selective use of volumetric assessment of higher risk nodules
may further reduce false-positive results [50] and is included in
the recent guidelines from the British Thoracic Society [51]. The
incorporation of PET in the risk model using a 4-point intensity
scale may further improve accuracy [52-54].

The criteria of the Fleischner Society for solid nodules and sub-
solid (pure ground-glass and part-solid lesions) nodules [55, 56],
are used in the National Comprehensive Cancer Network guide-
lines [9]. A revision of the Fleischner guidelines will be published
in late 2016 (Fleischner Society, personal communication H.
MacMahon). Accurate criteria were proposed by the Pan
Canadian (PanCan) screening research group and these are the
only ones that have been validated in independent cohorts [57].
Predictors of cancer include older age, female sex, family history
of lung cancer, emphysema, larger nodule size, location in the
upper lobe, part-solid nodule, lower nodule count and spicula-
tion [58].

The ESTS Working Group on Lung Cancer Screening strongly
recommends that every screening centre utilizing LDCT should
adopt a specific diagnostic protocol with a high sensitivity and
adequate specificity in order to reduce the number of false-
negative and false-positive screening results. Based on the experi-
ences gained during the last 10 years it is now possible to plan
diagnostic protocols with satisfactory sensitivity and the low false
positive rates necessary for implementation.

Recommendation no. 5

Qualifications of participating surgeons

Early detection is essential for successful lung cancer treatment
[58]. LDCT screening is an effective way of detecting early stage
lung cancer [1, 42, 59, 60]. However, many screening-detected le-
sions are benign and may require invasive investigations—with
attendant increased costs and risk of complications—to demon-
strate non-malignancy [1, 59]. This poor specificity may constitute
an obstacle to the large-scale implementation of screening.
However, several studies have shown that by applying an effect-
ive diagnostic algorithm together with multi-disciplinary discus-
sion of positive cases detected by CT screening, the frequency
and extent of surgery for non-malignant disease can be mini-
mized while a high-cure rate for individuals diagnosed with lung
cancer can be obtained [16, 42, 60] .

Thoracic surgeons involved in LCSMdT have the important re-
sponsibility to minimize the risk of useless invasive procedures
for benign disease and avoid overtreatment of very early cancers
or precancerous lesions [7, 42].

As for the avoidance of overtreatment, the role of sublobar re-
section, anatomical segmentectomy and wide-wedge resections
in the management of very early lung cancers detected in the
context of CT screening programs is being re-evaluated. Non-
solid or part-solid ground glass opacities (GGOs) have particularly
favourable prognoses and appear to be ideal lesions for treat-
ment by sub-lobar resection [61, 62].

In this setting, minimally invasive techniques should be used,
either in the context of video-assisted thoracoscopic surgery
(VATS) or robot-assisted surgery. We recommend that surgeons
involved in lung cancer screening be familiar with minimally in-
vasive thoracic surgery techniques within Thoracic Surgical Units
where VATS or robotic equipment is used routinely to perform
lobar and sublobar anatomical resections.

Thoracic surgeons involved in the LCSMdT must have a crucial
role in tailoring the treatment to the screen detected lesion and
the individual patient prognostic factors including age, comor-
bidities, performance status and life expectancy. In addition,
thoracic surgeons involved in LCS must have extended experi-
ence in the interpretation of lung cancer imaging and related tu-
mour variables such as volume doubling time, standardized
uptake value at CT/PET, and nodule density (i.e. solid, partially
solid and non-solid) [63]. In addition they should have received
specific training in the diagnosis and management of screen-
detected nodules so as to be able to recognize potentially false
positive and false negative lesions and be aware of the incidence
and features of interval cancers. Needless to say, thoracic sur-
geons should also be aware of potential harms, mortality, cost ef-
fectiveness and quality of life LCS- related issues.

Accordingly, it is recommended that the surgeon involved in
lung cancer screening programs possess the following require-
ments [33, 34];

1. National certification as a Specialist Thoracic Surgeons—also
called Board Certification.

The European Board of Thoracic Surgery Certification is a
preferred requirement.

2. Demonstrable experience as minimally invasive thoracic sur-
geon and in the interpretation of thoracic radiologic investi-
gations. Moreover, he/she should be familiar with the use of
different diagnostic options, along with alternative methods
of diagnosis and treatment of lung cancer.

3. Participation as individual surgeon and/or unit to the ESTS
European Database or a national equivalent in order to com-
ply with international standards in terms of morbidity and
mortality [43].

4. A good knowledge and regular practice of thoracic oncology
is mandatory as well; the ERS-HERMES certification in thor-
acic oncology offers an opportunity for credential [64]

Surgeons involved in screening should have propensities to con-
sider follow-up instead of immediate surgery for indetermin-
ate nodules. In selected cases with comorbidities, multi-focal
disease, or with previous lung lobectomy, non-surgical treat-
ments include stereotactic ablative radiotherapy need to be con-
templated [65].

Moreover, the ESTS Working Group on Lung Cancer Screening
emphasizes that, since individuals receiving an indeterminate or
positive result for a baseline screening CT develop increased anx-
iety, fear of cancer, and lung cancer-specific distress compared
to those with a negative result [66], thoracic surgeons should
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possess the necessary skills to communicate LDCT results, in a
face-to face meeting before the written report is sent out.

Recommendation no. 6

The use of minimally invasive surgery for small (<3 cm)
screen-detected nodules

Lung cancer screening with LDCT detects approximately 80% of
screening-detected cases are at stage | or Il [49, 67]—compared
to 16% at this stage in historical data on unscreened individuals
[68]—and the resection rate is approximately 80-90%, with overall
5 years survival >70% [49, 66].

As a consequence of the increased detection of small-sized
lung cancers at an earlier and potentially curable stage, it has be-
come increasingly crucial to choose the most advantageous
treatment strategy, including minimally invasive approach and
sublobar resections for selected cases.

As with any screening modality, LDCT screening has potential
inherent risks, which include [9, 69, 70

1. False-positive results, leading to unnecessary testing and/or
invasive procedures (including surgery)

2. Complications from diagnostic workup

3. Detection of indolent disease (i.e. overdiagnosis), which
would never have harmed the patient who subsequently
undergoes unnecessary therapy [71].

Every effort must be made to minimize invasive interventions
(diagnostic or therapeutic) on nodules that prove to be benign
[4, 6]. Furthermore, when it is decided to proceed with a surgical
therapeutic intervention, it is imperative that the vast majority of
procedures be performed using minimally invasive techniques
[72].

Thoracoscopic resections, also termed VATS, have been dem-
onstrated to be associated with fewer complications [73], lower
cost [74], and at least equivalent oncologic results [75] when com-
pared with open procedures.

Thoracoscopic procedures are defined by the following criteria
[72]: visualization is achieved using a camera and a video moni-
tor, an access incision must be <8cm in length, and no rib retrac-
tion, rib spreading or rib resection is employed. Minimally
invasive resections include the use of manual thoracoscopic pro-
cedures as well as robotic procedures [76], as long as rib spread-
ing is avoided.

To ensure adherence to standardized quality of practice, min-
imally invasive thoracic surgical procedures should be performed
by board certified individuals in thoracic surgery; certification
should be granted in any European Nation and/or confirmed by
the European Board of Thoracic Surgery. Using thoracoscopic
anatomic (lobar or sublobar) anatomic resections of screen-
detected cancers that are less than 3 cm, it is expected that mor-
tality would be less than 1%, major morbidity would be less
than 5%, and the length of hospital stay should be approximately
3 days [72-74].

Prior to resection of screened-detected nodules, obtaining a
preoperative diagnosis is the preferred approach. In patients with
peripheral nodules with high likelihood of malignancy, VATS
wedge resection prior to anatomic resection (VATS or open) is a
reasonable strategy. In patients with larger or more central le-
sions, obtaining a preoperative diagnosis would be possible also
with CT-guided transthoracic needle aspiration, trans-bronchial

needle aspiration, navigational bronchoscopy, or endobronchial
ultrasound guided aspiration. In any case, a diagnosis should be
secured prior to proceeding with lung major resection. In case of
suspicious lung lesions less than 2 cm with no preoperative diag-
nosis, resectable in the volume of an anatomical segmentectomy,
it can be acceptable to perform a diagnostic and therapeutic
minimally invasive segmental resection using both VATS or
Robotics [77, 78] while diagnostic lobectomy should be avoided
or limited to extremely rare cases.

Recommendation no. 7

Pathology
ESTS working group on Lung Cancer screening express the im-
portance of a standardized pathology reporting on surgical speci-
mens and also recommends the set-up of a biobank to study
biomarkers. Close cooperation of surgeon and pathologist with
onsite verification of biopsy specimens is mandatory to enhance
effectiveness of diagnostic work-up in order to minimize harms
of screening [7].

Several key modifications were established in the 2011 IASLC/
ATS/ERS Classification of lung adenocarcinoma [44]:

1. The term non-mucinous BAC was eliminated and described
as lepidic;

2. Adenocarcinoma in situ for tumours 3 cm or less with com-
pletely lepidic growth and no invasion;

3. Minimally invasive adenocarcinoma for tumours 3 cm or less
predominantly lepidic with invasion of 0.5cm or less;

4. Invasive adenocarcinoma with the predominant subtype mu-
cinous BAC is now considered invasive mucinous
adenocarcinoma.

The impact of sub-typing the lung adenocarcinoma according to
the 2011 IASLC/ATS//ERS classification on patient survival is in-
dependent of other known prognostic factors such as TNM stage,
similar to that breast and prostate cancer [79-81].

The resection of an adenocarcinoma in situ, minimally invasive
adenocarcinoma and a lepidic-predominant adenocarcinoma
have almost 100% 5-year survival rate. These figures can influence
the surgical treatment of such patients in the near future as candi-
dates for sublobar resection. The role of experienced lung patholo-
gist is crucial. It is important to notice that in intraoperative frozen
sections and/or small biopsies an invasive component cannot be
always excluded [7, 45]. Pathology reports should adhere to the
2015 World Health Organization Classification of Tumors of the
Lung, Pleura, Thymus and Heart recommendations.

Discovery and validation of biomarkers is central to segregate
groups of patients by defining a diagnosis, prognosis and predic-
tion. Ideally, the biomarkers in tissue are measured in formalin-
fixed paraffin-embedded tissue, to avoid the use of ‘snap-frozen’
or ‘fresh’ specimens. Mutational analysis of NSCLC has become
increasingly important and become the standard of care. The sig-
nificant mutations in NSCLC are: EGFR, KRAS, BRAF, EML4-ALK
and ROST1 Fusion Proteins, ERCCT and RRM1 [82].

Recommendation no. 8

Specific surgical issues relevant to the screening situation
Lung cancers detected with LDCT screening will most often be in
early stages and operable by minimal invasive techniques (VATS).
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However, not all screen-detected nodules are easily diagnosed
and therefore they require specific consideration:

Ground glass opacity lung nodules

In recent years, improvements in CT scanning resolution in com-
bination with more frequent CT scanning use, has led to the de-
tection of GGO lesions: often non- or minimally invasive
adenocarcinoma type of lung cancer with a favourable prognosis
[83-85]. GGO lesions may represent a wide spectrum of disease
from benign lesions to invasive carcinoma, and the correlation
between radiological appearance and histology may not be reli-
able [86, 87]. Therefore GGO nodules are a diagnostic challenge
requiring a MDT approach to ensure correct work-up. Growing
evidence indicates that the development and the size of a solid
component is much more important than the nonsolid/lepidic
component for the assessment of prognosis and risk of invasive
carcinoma [88, 89], and this is reflected in the coming new
(eighth edition) American Joint Committee on Cancer staging
system [90]. Growth and solid transformation of GGO nodules
may occur, however most GGO nodules remain unchanged. One
study of 122 CT screening detected GGO nodules showed that
90% of nodules did not grow during long term follow-up of me-
dian 59 months [85, 91]. Most GGOs may therefore have an indo-
lent clinical course [85, 92, 93], especially in a screening setting
where the participants are without symptoms.
Currently it is recommended that:

o Persisting GGO nodules with size above 5mm should be fol-
lowed for at least 4 years [51, 94].

e PET-CT has limited value in the diagnostic work-up of GGO
nodules [55, 95].

« Development of a solid component in a pure GGO nodule or
growth of a pre-existing solid component in a part-solid GGO
nodule is predictive of invasive malignancy. In these cases in-
vasive diagnostic procedures should be considered [51].

o Careful consideration of the indications for surgery and longer
follow-up, even for more than 4 years, of GGO nodules is cru-
cial to insure safe management and reduce over diagnosis
and overtreatment.

o Further research in this area is important for future practice

Treatment of invasive carcinoma even in stage I-1l should be
VATS lobectomy with systematic lymph node dissection [96].
Recent research from Japan has shown that some GGO lesions
with low-consolidation/tumour ratios may be treated by sublo-
bar resections [97]. However, final recommendations with re-
gards to this must await results of the Japan Clinical Oncology
Group (JCOG 0802) and Cancer and Leukemia Group B (CALGB
140 503) trials [98].

Surgery for benign lesions

It is an inherent risk in lung cancer CT screening that a suspicious
but indeterminate pulmonary nodule may in fact be benign.
Determination of malignancy will ultimately require either a bi-
opsy or removal of the nodule in question. In all of the published
studies of CT screening for lung cancer, surgery has been per-
formed for some lesions in which pathology revealed benign
histology. The reported extent varies from 2-45% [1, 9, 42, 43,

99-101], and current recommendations are to keep this rate
below 15% [9]. In the majority of cases, surgery was performed as
a minimally invasive procedure (43, 99), but also open proced-
ures have been reported [43, 100, 101]. The extent of the resec-
tion for these benign nodules has most often been a sublobar
resection [99], but also lobectomies for benign lesions have been
reported [43, 99-101].

The best way to reduce surgery for benign lesions is to have an
accurate preoperative/diagnostic biopsy algorithm, as this re-
duces the number of indeterminate nodules referred for surgery.
Surgeons should be closely involved in development and main-
taining a high quality diagnostic work-up to locate and mark or
biopsy small indeterminate pulmonary nodules [102]. In addition,
in difficult cases time should be allowed for watchful waiting to
verify growth and calculation of tumour volume doubling time of
the nodules and repeated biopsies to substantiate or verify a sus-
picion of malignancy [51]. In a screening setting a delay in diag-
nosis under close monitoring may be preferable to unnecessary
surgery.

The extent of surgery for benign lesions during CT screening
should be monitored and reported as an indication of surgical
quality.

Recommendation no. 9

Quality monitoring and education
Quality monitoring and education of physicians are essential for
safety issues within the framework of a screening program. While
under diagnosis is limited with LDCT screening, there is a per-
manent threat of over diagnosis and potentially unnecessary sur-
gical procedures for benign nodules. Mortality and morbidity of
invasive diagnostic procedures should of course be kept as low
as possible, especially in false positive cases [7, 42].

The fundament of quality control is materialized by an appro-
priate protocol, which needs to sharply outline [1]:

« Definition of the group at risk to be subjected to screening

« Technical means of screening and frequency of testing

o Strict criteria defining positive, negative and intermediate re-
sult of testing

« Algorithms for managing of positive, negative and intermedi-
ate results.

o Qualification of doctors involved

¢ Monitoring and re-evaluation of global results

Safety issues of a screening program concern both the individual

and the collective level.
At the collective level, we should be concerned about the

following:

o Information of the public
« Easy and equal access to the program for high-risk individuals
o Compliance to the program:
o Number of refusal to join
o Number leaving the program prematurely
¢ Reasons to do so
o Monitoring of false positives/negatives and re-evaluation of
criteria for evaluation of the results of testing (negative, posi-
tive, intermediate) [42]
o At the individual level, quality and safety issues concern the
following:
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o Use of LDCT to limit risk of irradiation [16, 36, 38, 103]

o Negative results: how long should screening be maintained
and how often?

« Handling of positive results:

« there should be no treatment without histology [7]

« surgical exploration should be minimally invasive [7]

o surgery should be performed in expert high-volume centres
to keep mortality and morbidity in the lowest possible
range [35, 102, 104]

As for confirmed lung cancer, multi-disciplinary handling of the
results of screening tests should ascertain the best possible deci-
sion for the individual patient, especially when his profile projects
outside of guidelines. Presence of the surgeon in the discussion
round is mandatory to maintain a strong position against treat-
ment without tissue diagnosis [7]. We need to actively oppose
stereotactic radiation therapy in undiagnosed lesions, which can
only be tolerated in inoperable patients [105].

Accurate monitoring and improvement of quality requires an
obligation to implement all individual data into a database.
Improvement of quality of care with marked decrease of opera-
tive mortality over time by the simple existence of a compulsory
database has been demonstrated in lung cancer patients among
others [104]. Regular reports from the database are paramount to
maintain motivation of participating centres at a high level.

All points of concern mentioned above should be surveyed in
regular time intervals, and in particular efficiency of the screening
test, and morbidity—mortality of diagnostic procedures.

The ESTS database might easily be expanded to include data of
screening programs.

Appropriate education of colleagues wishing to build up a
screening program is fundamental. Individual training concerning
radiologists (proper use of LDCT scan, software for size and vol-
ume measurements, etc) and pathologists (interpretation of small
tissue samples, aspiration cytology) are out of the scope of this
article. The American College of Radiologists for instance organ-
izes certification for radiologists interested in lung cancer screen-
ing [103]. In a team-building process, beyond individual specialist
training, it appears necessary to organize interdisciplinary teach-
ing sessions, which would be an interesting direction to complete
ESTS educational offer.

Recommendation no. 10

Central registration and certification of screening centres
Accurate screening for lung cancer requires a dedicated multi-
disciplinary team composed of thoracic radiologists, nuclear
physicians, thoracic oncologists, radiation oncologists, thoracic
surgeons and pathologists. For a screening program to be suc-
cessful, a specific protocol has to be developed in every screen-
ing centre. This refers to diagnostic and therapeutic algorithms
for screen-detected nodules, their follow-up, indications for fur-
ther minimally invasive and invasive testing, and referral for sur-
gical excision.

Although lung cancer screening is able to detect lung cancer at
an early stage, there are inherent risks, most important being
overtreatment of false-positive lesions, which may give rise to
complications in asymptomatic patients [12]. For this reason, ex-
tensive quality control is required as well for radiologists, invasive
pulmonary physicians, thoracic surgeons and pathologists. Every
member of the team should be familiar with the screening

protocol and have sufficient experience in his own specialty to
reduce false-positive and false-negative results, and to minimize
the risk of any additional intervention. Standardized reporting
should be used for radiology, surgery and pathology reports
which allow quality evaluation for these disciplines by independ-
ent auditors. National databases as the registry approved by the
Centers for Medicare and Medicaid Services (CMS) in USA and
maintained by the American College of Radiology, will provide
accurate data on patient outcomes and clinically valid results on
lung cancer screening in high-risk populations [38].

Regarding radiological examinations the American College of
Radiology advocates lung cancer screening to be performed at
sites providing high-quality LDCT examinations read and inter-
preted by qualified radiologists using a structured reporting and
management system [103]. A CT accreditation program has been
set up requiring use of Lung Imaging Reporting and Data System
(Lung-RADS) or a similar reporting and management system. The
application of Lung-RADS has been shown to increase the posi-
tive predictive value without increasing false-negative results
[106]. In this way, high-quality screening is guaranteed.

On a more general basis the American College of Chest
Physicians and the American Thoracic Society have defined es-
sential components of a lung cancer screening program to pro-
vide high-quality lung cancer screening [36]. These include not
only technical specifications for performing LDCT and structured
reporting, but also multi-disciplinary approach and specific quali-
fication for a lung cancer screening facility.

For thoracic surgical centres, specific criteria were developed
by a common working group of the European Society of
Thoracic Surgeons and European Association for Cardio-thoracic
Surgery [34, 104]. Accredited centres should be able to perform a
wide range of surgical interventions encompassing staging pro-
cedures, minimally invasive and open procedures. Equally, ad-
equate postoperative care should be provided to minimize
morbidity. At least requirements for general thoracic surgical
units should be met [35, 72]. Thoracic surgeons should also be fa-
miliar with the new pathological classification for lung adenocar-
cinoma, its radiological correlation and surgical implications [45].

For pathologists a profound knowledge of noninvasive and
minimally invasive lesions is required and currently, they have to
deal with small biopsies, intraoperative frozen section examin-
ations to determine the extent of resection, and be able to pro-
vide detailed information on the invasive size of the lesion
together with molecular information to determine any adjuvant
therapy. Specific requirements and standard operating proced-
ures for diagnosis of non-small-cell lung cancer were recently de-
veloped by an international multi-disciplinary European Expert
Group [107].

It is recommended that for a screening centre to be effective
extensive experience and a multi-disciplinary approach is
required, and the location should be in dedicated high-volume
centres. This provides not only high-quality care but further
allows centralization of data and statistical analysis of large pa-
tient populations. In this way those individuals can be identified
who will benefit most from a lung cancer screening program
with minimal risk involvement.

CONCLUSION

The advent of lung cancer CT screening will be a challenge to
surgeons but also an opportunity to improve the outcomes for
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the many patients who get this disease. In all European countries
preparations to support the implementation of CT screening
should be considered and initiated. The ESTS hopes that this
statement may provide support for these discussions and as a
stimulus to getting started with the preparations.

Conflict of interest: none declared.

REFERENCES

[1] Aberle DR, Adams AM, Berg CD, Black WC, Clapp JD, Fagerstrom RM
et al. Reduced lung-cancer mortality with low-dose computed tomo-
graphic screening. N Engl ] Med 2011;365:395-409.

[2] Aberle DR, Berg CD, Black WC, Church TR, Fagerstrom RM, Galen B
et al. The National Lung Screening Trial: overview and study design.
Radiology 2011;258:243-53.

[3] Moyer VA. US Preventive Services Task Force. Screening for lung cancer:
US Preventive services task force recommendation statement. Ann Int
Med 2014;160:330-8.

[4] US Preventive Services Task Force. Final Recommendation Statement,
Screening for Lung Cancer: US Preventive Services. http://www.uspreventi
veservicestaskforce.org/Page/Document/RecommendationStatement
Final/lung-cancer-screening (4 October 2016, date last accessed).

[5] Description of Medicare Coverage Regarding Lung Cancer Screening.
https://www.medicare.gov/coverage/lung-cancer-screening.html (4
October 2016, date last accessed).

[6] Jaklitsch MT, Jacobson FL, Austin JH, Field J, Jett J, Keshavies S et al. The

American Association for Thoracic Surgery guidelines for lung cancer

screening using low-dose computed tomography scans for lung cancer

survivors and other high-risk groups. ] Thorac Cardiovasc Surg
2012;144:33-8.

Rocco G, Allen M, Altorki NK, Asamura H, Blum MG, Detterbeck F et al.

Clinical statement on the role of the surgeon and surgical issues relating

to computed tomography screening programs for lung cancer. Ann

Thorac Surg 2013;96:357-60.

American Lung Association. Providing Guidance on Lung Cancer

Screening to Patients and Physicians. http://www.lung.org/lung-health-

and-diseases/lung-disease-lookup/lung-cancer/diagnosing-and-treat

ing/lung-cancer-screening (4 October 2016, date last accessed).

Wood DE. National Comprehensive Cancer Network (NCCN) Clinical

Practice Guidelines for Lung Cancer Screening. Thorac Surg Clin

2015;25:185-97. NCCN clinical practice guidelines. http://www.respira

tory-thessaly.gr/assets/lung_screening1.2016.pdf (January 2016, date last
accessed).

[10] Wender R, Fontham ETH, Barrera E. Jr, American Cancer Society lung
cancer screening guidelines. CA Cancer J Clin 2013;63:107-17.

[11] Field JK, Smith RA, Aberle DR, Ourdkerk M, Baldwin D, Yankelevitz D
et al. International Association for the Study of Lung Cancer computed
tomography screening workshop 2011 report. J Thorac Oncol
2012;7:10-19.

[12] Bach PB, Mirkin JN, Oliver TK, Azzoli CG, Berry DA, Brawley OW et al.
Benefits and harms of CT screening for lung cancer: a systematic review.
JAMA 2012;307:2418-29.

[13] Mulshine JL, D'amico TA. Issues with implementing a high-quality lung
cancer screening program. CA Cancer ] Clin 2014;64:352-63.

[14] Zhou Q, Fan Y, Bu H, Wang Y, Wu N, Huang Y et al. China national lung
cancer screening guideline with low-dose computed tomography (2015
version). Thoracic Cancer 2015;6:812-8.

[15] Zhao SJ, Wu N. Early detection of lung cancer: low-dose computed tom-
ography screening in China. Thorac Cancer 2015;6:385-9.

[16] Kauczor HU, Bonomo L, Gaga M, Nackaerts K, Peled N, Prokop M et al.
on behalf of the European Society of Radiology (ESR) and the European
Respiratory Society (ERS). ESR/ERS White Paper on Lung Cancer
Screening. Eur Radiol 2015;25:2519-31.

[17] Frauenfelder T, Puhan MA, Lazor R, von Garnier C, Bremerich J, Nieman
T et al. Early detection of lung cancer: a statement from an expert panel
of the Swiss University Hospitals on lung cancer screening. Respiration
2014;87:254-64.

[18] Vansteenkiste J, Crino L, Dooms C, Douillard JY, Faivre-Finn C, Lim E
et al. 2" ESMO Consensus Conference on Lung Cancer: early-stage

[7

[8

[9

non-small-cell lung cancer consensus on diagnosis, treatment and fol-
low-up. Ann Oncol 2014;25:1462-74.

[19] Heuvelmans MA, Vliegenthart R, Ourdkerk M. Contributions of the
European trials (European Randomized Screening Group) in computed
tomography lung cancer screening. ) Thorac Imaging 2015;30:101-7.

[20] Field JK, Devaraj A, Duffy SW, Baldwin DR. CT screening for lung cancer:
is the evidence strong enough? Lung Cancer 2016;91:29-35.

[21] Field J, van Klaveren R, Pedersen J, Pasturino U, Paci E, Becker N et al.
European randomised lung cancer screening trials: post NLST. ] Surg
Oncol 2013;108:280-6.

[22] Van Klaveren RJ, Oudkerk M, Prokop M, Scholten ET, Nackaerts K,
Vernhout R et al. Management of lung nodules detected by volume CT
scanning. N Engl ] Med 2009;361:2221-9.

[23] Horeweg N, van der Aalst CM, Thunnissen E, Nackaerts K, Weeninde C,
Groen HJ et al. Characteristics of lung cancers detected by computer
tomography screening in the randomized NELSON trial. Am J Respir Crit
Care Med 2013;187:848-54.

[24] Wille MMW, Dirksen A, Ashraf H, Saghir Z, Back K, Brodersen | et al.
Results of the Randomized Danish Lung Cancer Screening Trial with
focus on High-Risk Profiling. Am ] Respir Crit Care Med
2016;193:542-51.

[25] Horeweg N, Scholten ET, de Jong PA, van der Aalst CM, Weeinde C,
Lammers JW et al. Detection of lung cancer through low-dose CT
screening (NELSON): a prespecified analysis of screening test perform-
ance and interval cancers. Lancet Oncol 2014;15:1342-50.

[26] Field JK, Duffy SW, Baldwin DR, Whynes JL, Devarai A, Brain KE et al. UK
Lung Cancer RCT Pilot Screening Trial: baseline findings from the screen-
ing arm provide evidence for the potential implementation of lung can-
cer screening. Thorax 2016;71:161-70.

[27] de-Torres JP, Wilson DO, Sanchez-Salcedo P, Weisfeld JL, Berto J, Campo
A et al. Lung Cancer in patients with chronic obstructive pulmonary dis-
ease. Development and validation of the COPD Lung Cancer Screening
Score. Am J Respir Crit Care Med 2015;191:285-91.

[28] Young RP, Duan F, Chiles C, Hopkins Gamble GD, Greco EM et al.
Airflow limitation and histology shift in the National Lung Screening
Trial: the NLST-ACRIN cohort substudy. Am ] Respir Crit Care Med
2015;192:1060-7.

[29] Tammemagi MC. Application of risk prediction models to lung cancer
screening. A review. ] Thorac Imaging 2015;30:88-100.

[30] Stang A, Schuler M, Kowall B, Darwiche K, Kiihl H, Jéckel K. Lung cancer
screening using low dose CT scanning in Germany. Extrapolation of re-
sults from the National Lung Screening Trial. Dtsch Artzbl Int
2015;112:637-44.

[31] http://ec.europa.eu/health/major_chronic_diseases/docs/2nd_implre
port_cancer screening co_eppac_en.pdf (4 October 2016, date last
accessed).

[32] Mulshine JL, Altorki N. Inplementing lung cancer screening: a checklist.
Lung Cancer Management 2014;3:1-4.

[33] Grondin SC, Edwards JP, Rocco G. Surgeons and lung cancer screening:
rules of engagement. Thorac Surg Clin 2015;25:175-84.

[34] Rocco R, Jones DR, Morabito A, Franco R, La Mantia E, Rocco G.
Validation of the new IASLC/ATS/ERS lung adenocarcinoma classifica-
tion: a surgeon’s perspective. ] Thorac Dis 2014;6(Suppl 5):5547-51.

[35] Brunelli A, Falcoz PE, D'amico T, Hansen H, Lim E, Massard G et al.
European guidelines on structure and qualification of general thoracic
surgery. Eur ] Cardiothorac Surg 2014;45:779-86.

[36] Mazzone P, Powell CA, Arenberg D, Bach P, Detterbeck F, Gould MK
et al. Components necessary for high-quality lung cancer screening:
American College of Chest Physicians and American Thoracic Society
Policy Statement. Chest 2015;147:295-303.

[37] Lung CT. Screening Reporting and Data System (Lung-RADS™). http://
www.acr.org/Quality-Safety/Resources/LungRADS (4 October 2016,
date last accessed).

[38] Fintelmann FJ, Bernheim A, Digumarthy SR. The 10 Pillars of Lung Cancer
Screening: Rationale and Logistics of a Lung Cancer Screening Program.
pubs.rsna.org/doi/pdf/10.1148/rg.2015150079 (4 October 2016, date
last accessed).

[39] McMahon PM, Kong CY, Bouzan C, Wernstein MC, Cipriano LE,
Tramontano AC et al. Cost-effectiveness of computed tomography
screening for lung cancer in the United States. | Thorac Oncol
2011;6:1841-8.

[40] Goffin JR, Flanagan WM, Miller AB, Fitzgerald NR, Memon S, Wolfson
MC et al. Cost-effectiveness of Lung Cancer Screening in Canada. JAMA
Oncol 2015;1:807-13.


http://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/lung-cancer-screening
http://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/lung-cancer-screening
http://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/lung-cancer-screening
https://www.medicare.gov/coverage/lung-cancer-screening.html
http://www.lung.org/lung-health-and-diseases/lung-disease-lookup/lung-cancer/diagnosing-and-treating/lung-cancer-screening
http://www.lung.org/lung-health-and-diseases/lung-disease-lookup/lung-cancer/diagnosing-and-treating/lung-cancer-screening
http://www.lung.org/lung-health-and-diseases/lung-disease-lookup/lung-cancer/diagnosing-and-treating/lung-cancer-screening
http://www.respiratory-thessaly.gr/assets/lung_screening1.2016.pdf
http://www.respiratory-thessaly.gr/assets/lung_screening1.2016.pdf
http://ec.europa.eu/health/major_chronic_diseases/docs/2nd_implreport_cancer screening_co_eppac_en.pdf
http://ec.europa.eu/health/major_chronic_diseases/docs/2nd_implreport_cancer screening_co_eppac_en.pdf
http://www.acr.org/Quality-Safety/Resources/LungRADS
http://www.acr.org/Quality-Safety/Resources/LungRADS
http://pubs.rsna.org/doi/pdf/10.1148/rg.2015150079

J.H. Pedersen et al. / European Journal of Cardio-Thoracic Surgery 419

[41] Pedersen JH, Tannesen P, Ashraf H. Smoking Cessation and Lung Cancer
Screening. Ann Transl Med 2016;4:157.

[42] Flores R, Bauer T, Aye R, Andaz S, Kohman L, Sheppard B et al. I-ELCAP
Investigators. Balancing curability and unnecessary surgery in the con-
text of computed tomography screening for lung cancer. ] Thorac
Cardiovasc Surg 2014;147:1619-26.

[43] Rzyman W, Jelitto Gérska M, Dziedzic R, Biadacz |, Ksiazek J, Chwirot P
et al. Diagnostic work up and surgery in participants of the Gdansk lung
cancer screening programme: the incidence of surgery for non malig-
nant conditions. Interact CardioVasc Thorac Surg 2013;17:969-73.

[44] Travis WD, Brambilla E, Noguchi M, Nicholson AG, Geisinger KR, Yatabe
Y et al. International Association for the Study of Lung Cancer/American
Thoracic  Society/European  Respiratory ~ Society  International
Multidisciplinary Classification Of Lung Adenocarcinoma. J Thoracic
Oncol 2011;6:244-85.

[45] Van Schil PE, Asamura H, Rusch VW, Mitsudomi T, Tsuboi M, Brambilla
E et al. Surgical implications of the new IASLC/ATS/ERS adenocarcinoma
classification. Eur Respiratory ] 2012;39:478-486.

[46] Xu DM, Gietema H, de Koning H, Vernhout R, Nackaerts K, Prokop M
et al. Nodule management protocol of the NELSON randomised lung
cancer screening trial. Lung Cancer 2006;54:177-84.

[47] Horeweg N, van der Aalst CM, Vliegenthart R, Zhao Y, Xie X, Scholten ET
et al. Volumetric computed tomography screening for lung cancer: three
rounds of the NELSON trial. Eur Respiratory J 2013;42:1659-67.

[48] Yip R, Yankelevitz DF, Henschke Cl. CT screening for lung cancer: defin-
ition of positive test result in the national lung screening trial CT cohort
compared with i-elcap. J Thoracic Oncol 2013;8:5326.

[49] Gierada DS, Pinsky P, Nath H, Chiles C, Duan F, Aberle DR. Projected
outcomes using different nodule sizes to define a positive CT lung can-
cer screening examination. J Natl Cancer Inst 2014;106. DOI: 10.1093/
jnci/dju284.

[50] Tsao AS, Scagliotti GV, Bunn Pa Jr, Carbone DP, Warren GW, Bai C et al.
Scientific advances in lung cancer 2015. ] Thoracic Oncology
2016;11:613-38.

[51] Baldwin DR, Callister MEJ. The British Thoracic Society guidelines on the
investigation and management of pulmonary nodules. Thorax
2015;70:794-8.

[52] Herder GJ, van Tinteren H, Golding RP, Kostense PJ, Comans EF, Smit EF
et al. Clinical prediction model to characterize pulmonary nodules: val-
idation and added value of 18F-fluorodeoxyglucose positron emission
tomography. Chest 2005;128:2490-6.

[53] Al-Ameri A, Malhotra P, Thygesen H, Plant PK, Vaidyanathan S, Karthik S
et al. Risk of malignancy in pulmonary nodules: a validation study of
four prediction models. Lung Cancer 2015;89:27-30.

[54] Ashraf H, Dirksen A, Loft A, Bertelsen AK, Bach KS, Hansen H et al.
Combined use of PET scanning and Volume Doubling Time in lung can-
cer screening with low dose CT. Thorax 2011;66:315-9.

[55] MacMahon H, Austin JH, Gamsu G, Herold CJ, Jett JR, Naidich DP et al.
Guidelines for management of small pulmonary nodules detected on CT
scans: a statement from the Fleischner Society. Radiology
2005;237:395-400.

[56] Naidich DP, Bankier AA, MacMahon H, Schaefer-Prokop CM, Pistolesi
M, Goo JM et al. Recommendations for the management of subsolid
pulmonary nodules detected at CT: a statement from the Fleischner
Society. Radiology 2013;266:304-17.

[57] McWilliams A, Tammemagi MC, Mayo JR, Roberts H, Liu G, Soghrati K
et al. Probability of cancer in pulmonary nodules detected on first
screening CT. N Engl ] Med 2013;369:910-19.

[58] Rami-Porta R, Bolejack V, Goldstraw P. The new tumor, node, and me-
tastasis staging system. Semin Respir Crit Care Med 2011;32:44-51.

[59] Bach PB, Jett JR, Pastorino U, Tockmann M, Swensen SJ, Begg GB et al.
Computed tomography screening and lung cancer outcomes. JAMA
2007;297:953-61.

[60] Veronesi G, Bellomi M, Mulshine JL, Pelosi G, Scanagatta P, Panganelli G
et al. Lung cancer screening with low-dose computed tomography: a
non-invasive diagnostic protocol for baseline lung nodules. Lung Cancer
2008;61:340-9.

[61] Asamura H, Suzuki K, Watanabe S, Matsuno Y, Maeshima A, Tsuchiya R
et al. A clinicopathological study of resected subcentimeter lung cancers:
a favorable prognosis for ground glass opacity lesions. Ann Thorac Surg
2003;76:1016-22.

[62] Altorki NK, Yip R, Hanaoka Bauer T, Aye R, Kohman L et al. Sublobar re-
section is equivalent to lobectomy for clinical stage 1A lung cancer in
solid nodules. ] Thorac Cardiovasc Surg 2014;147:754-62.

[63] Stiles BM1, Altorki NK. Screening for lung cancer: challenges for the
thoracic surgeon. Surg Oncol Clin N Am 2011;20:619-35.

[64] Gamarra F, Bofetta P, De Ruysscher D, Felip E, Gaga M, Grigoriu B et al.
Thoracic oncology HERMES syllabus: setting the basis for thoracic oncol-
ogy training in Europe. Eur Respir J 2013;42:568-71.

[65] Chang JY, Senan S, Paul MA, Mehran RJ, Louie AV, Balter P et al.
Stereotactic ablative radiotherapy versus lobectomy for operable stage |
non-small-cell lung cancer: a pooled analysis of two randomised trials.
Lancet Oncol 2015;16:630-7.

[66] van den Bergh KA, Essink-Bot ML, Borsboom GJ, Scholten ET, van
Klaveren R, de Koning HJ. Long-term effects of lung cancer computed
tomography screening on health-related quality of life: the NELSON trial.
Eur Respir J 2011;38:154-61.

[67] International Early Lung Cancer Action Program Investigators. Survival of
patients with stage | lung cancer detected on CT screening. N Engl ] Med
2006;355:1763-71.

[68] http://seer.cancer.gov/statfacts/html/lungb.html (4 October 2016, date
last accessed).

[69] Veronesi G, Maisonneuve P, Bellomi M, Rampinelli C, Durli Bertoloffi R
et al. Estimating overdiagnosis in low-dose computed tomography
screening for lung cancer a cohort study. Ann Intern Med
2012;157:776-84.

[70] Prasad V, Cifu A. Ending Medical Reversal: Improving Outcomes, Saving
Lives. Baltimore: Johns Hopkins University Press, 2015.

[71] Hillerdal G. Indolent lung cancers-time for a paradigm shift: a review.
J Thorac Oncol 2008;3:208-11.

[72] Yan TD, Cao C, D'amico TA, Demmy TL, Demmy TL, He J, International
VATS Lobectomy Consensus Group et al. Video-assisted thoracoscopic
surgery lobectomy at 20 years: a consensus statement. Eur |
Cardiothorac Surg 2014;45:633-9.

[73] Paul S, Altorki NK, Sheng S, Lee PC, Harpole DH, Onaitis MW et al.
Thoracoscopic lobectomy is associated with lower morbidity than open
lobectomy: a propensity-matched analysis from the STS Database.
J Thorac Cardiovasc Surg 2010;139:366-78.

[74] Burfeind W, Jaik N, Villamizar N, Toloza E, Harpole D, D'amico TAA, Cost
M. Analysis of lobectomy: thoracoscopic vs. posterolateral thoracotomy.
Eur ] Cardiothorac Surg 2010;37:827-32.

[75] Berry MF, D’amico TA, Onaitis MW, Kelsey CR. Thoracoscopic approach
to lobectomy for lung cancer does not compromise oncologic efficacy.
Ann of Thorac Surg 2014;98:197-202.

[76] Park BJ, Melfi F, Mussi A, Maisonneuve P, Spaggiari L, Da Silva RK et al.
Robotic lobectomy for non-small cell lung cancer (NSCLC): long-term
oncologic results. ] Thorac Cardiovasc Surg 2012;143:383-9.

[77] Pardolesi A, Park B, Petrella F, Borri A, Gasparri R, Veronesi G. Robotic
anatomic segmentectomy of the lung: technical aspects and initial re-
sults. Ann Thorac Surg 2012;94:929-34.

[78] Yang CF, D'amico TAl. Thoracoscopic segmentectomy for lung cancer.
Ann Thorac Surg 2012;94:668-81.

[79] Russell PA, Wainer Z, Wright GM, Daniels M, Cohron M, Williams RA
et al. Does lung adenocarcinoma subtype predict patient survival? A
clinicopathologic study based on the new International Association for
the Study of Lung Cancer/American Thoracic Society/European
Respiratory Society international multidisciplinary classification of lung
adenocarcinoma. ] Thorac Oncol 2011;6:1496-504.

[80] Warth A, Muley T, Meister M, Stenzinger A, Thomas M, Schirmacher P
et al. The novel histologic International Association for the Study of Lung
Cancer/American Thoracic Society/European Respiratory Society classi-
fication system of lung adenocarcinoma is a stage-independent pre-
dictor of survival. J Clin Oncol 2012;30:1438-46.

[81] Yoshizawa A, Motoi N, Riely GJ, Sima CS, Gerald WL, Kris MG et al.
Impact of proposed IASLC/ATS/ERS classification of lung adenocarcin-
oma prognostic subgroups and implications for further revision of stag-
ing based on analysis of 514 stage | cases. Mod Pathol 2011;24:653-64.

[82] Pass HI, Beerrt DG, Joseph S, Massion P. Biomarkers and molecular test-
ing for early detection, diagnosis and therapeutic prediction of lung can-
cer. Thorac Surg Clin 2013;23:211-24.

[83] Asamura H, Hishida T, Suzuki K, Koike T, Nakamura K, Kusumoto M
et al. Radiographically determined noninvasive adenocarcinoma of the
lung: survival outcomes of the Japan Clinical Oncology Group 0201. ]
Thorac Cardiovasc Surgery 2013;146:24-30.

[84] Lim H-J, Ahn S, Lee KS, Shim YM, Woo S, Kim JH et al. Persistent pure
ground-glass opacity lung nodules > 10 mm in diameter at CT scan: his-
topathologic comparisons and prognostic implications.  Chest
2013;144:1291-9.

REPORT



http://seer.cancer.gov/statfacts/html/lungb.html

420 J.H. Pedersen et al. / European Journal of Cardio-Thoracic Surgery

[85] Yankelevitz DF, Yip R, Smith JP, Liang M, Liu Y, Xu DM, International
Early Lung Cancer Action Program Investigators Group et al. CT
Screening for lung cancer: nonsolid nodules in baseline and annual re-
peat rounds. Radiology 2015;277:555-64.

[86] Mimae T, Miyata Y, Tsutani Y, Mimura T, Nakayama H, Okumura H et al.
What are the radiologic findings predictive of indolent lung adenocar-
cinoma? Jpn J Clin Oncol 2015;45:367-72.

[87] Detterbeck FC, Homer RJ. Approach to the ground-glass nodule. Clin
Chest Med 2011;32:799-810.

[88] Tsutani Y, Miyata Y, Nakayama H. Prognostic significance of using solid
versus whole tumor size on high-resolution computed tomography for
predicting pathologic malignant grade of tumors in clinical stage IA lung
adenocarcinoma: a multicenter study. | Thorac Cardiovasc Surg
2012;143:607-12.

[89] Maeyashiki T, Suzuki K, Hattori A, Matsunaga T, Takamochi K, Oh S et al.
The size of consolidation on thin-section computed tomography is a
better predictor of survival than the maximum tumour dimension in re-
sectable lung cancer. Eur ] Cardiothorac Surg 2013;43:915-8.

[90] Travis D, Asamura H, Bankier AA, Beasley MB, Detterbeck F, Flieder DB
et al. The IASLC Lung Cancer Staging Project: proposals for coding T cat-
egories for adenocarcinoma in situ and minimally invasive adenocarcin-
oma, and for measurement of tumor size in part-solid tumors in the
forthcoming eighth edition of the TNM Classification of Lung Cancer.
J Thorac Oncol 2016;11:1204-24.

[91] Chang B, Hwang JH, Choi YH, Chong MP, Kim H, Kwon O] et al. Natural
history of pure ground-glass opacity lung nodules detected by low-dose
CT scan. Chest 2013;143:172-8.

[92] Gulati CM1, Schreiner AM, Libby DM, Port JL, Altorki NK, Gelbman BD.
Outcomes of unresected ground-glass nodules with cytology suspicious
for adenocarcinoma. J Thorac Oncol 2014;9:685-91.

[93] Kobayashi Y, Fukui T, Ito S, Usami N, Hatooka S, Yatabe Y et al. How
long should small lung lesions of ground-glass opacity be followed? ]
Thorac Oncol 2013;8:309-14.

[94] Scholten ET, de Jong PA, de Hoop B, van Klaveren R, van Amelsvoort-
van de Vorst S, Oudkerk M et al. Towards a close computed tomography
monitoring approach for screen detected subsolid pulmonary nodules?
Eur Respir | 2015;45:765-73.

[95] Veronesi G, Travaini LL, Maisonneuve P, Rampinelli C, Bertolotti R,
Spaggiari L et al. Positron emission tomography in the diagnostic work-
up of screening-detected lung nodules. Eur Respir J 2015;45:501-10.

[96] Lim E, Baldwin D, Beckles Duffy J, Enterisle J, Faivre-Finn C et al.
Guidelines on the radical management of patients with lung cancer.
Thorax 2010;65:iii1-27.

[97] Sakurai H, Asamura H. Sublobar resection for early-stage lung cancer.
Transl Lung Cancer Res 2014;3:164-1872.

[98] Nakamura K, Sajii H, Nakajima R, Okada M, Asamura H, Shibata T et al.
A phase Il randomised trial of lobectomy versus limited resection for
small-sized peripheral non-small cell lung cancer (JCOG0802/
WJOG4607). Jpn ] Clin Oncol 2010;40:271-4.

[99] Petersen RH, Hansen HJ, Dirksen A, Pedersen JH. Lung cancer
screening and video-assisted thoracic surgery. J Thorac Oncol
2012;7:1026-31.

[100] Van't Westeinde SC, Horeweg N, Leyn PD, Groend HJM, Lammerse L,

Weenink C et al. Complications following lung surgery in the Dutch-

Belgian randomized lung cancer screening trial. Eur J Cardio-Thoracic

Surg 2012;42:420-9.

Infante M, Cavuto S, Lutman FR, Pasvre E, Chiarenza M, Chiesa G et al.

Long-term follow-up results of the DANTE trial, a randomized study of

lung cancer screening with spiral computed tomography. Am | Respir

Crit Care Med 2015;191:1166-75.

[102] Kazerooni EA, Armstrong MR, Amorosa JK, Hernandez D, Liebscher LA,
Nath H et al. ACR CT accreditation program and the lung cancer screen-
ing program designation. ] Am College Radiol 2015;12:38-42.

[103] Falcoz PE, Puyraveau M, Rivera C, Bernard A, Massard G, Manny F et al.
The impact of hospital and surgeon volume on the 30 day mortality of
lung cancer surgery: a nation-based reappraisal. ] Thorac Cardiovasc
Surg 2014;148:841-8.

[104] Opitz I, Rocco G, Brunelli A, Varela G, Massard G, Weder W. Surgery ver-
sus SABR for resectable non-small cell lung cancer. Lancet Oncol
2015;16:372-3.

[105] McKee BJ, Regis SM, McKee AB, Flacke S, Wald C. Performance of ACR
Lung-RADS in a clinical CT lung screening program. ] Am College Radiol
2015;12:273-6.

[106] Massard G, Rocco G, Venuta F. The European educational platform on
thoracic surgery. ] Thorac Dis 2014;6(Suppl 2): 276-83.

[107] Dietel M, Bubendorf L, Dingemans AM, Dooms C, Elmberger G, Garcia
RC et al. Diagnostic procedures for non-small-cell lung cancer
(NSCLC): recommendations of the European Expert Group. Thorax
2016;71:177-84.

[101



