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Introduction

Lung cancer is one of the most common cancers and the
leading cause of cancer death worldwide in both men and
women [1]. In Switzerland, on average, around 2700 men
and 1800 women are diagnosed with lung cancer and ap-
proximately 2000 men and 1200 women die from lung
cancer every year. This cancer was the most common in
men, accounting for 21.3% of all cancer deaths [2], 2021.

Based on the National Lung Screening Trial (NLST) [3]
and Nederlands-Leuvens Longkanker Screenings Onder-
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zoek (NELSON) trial data [4], efforts are being made
throughout Europe, including Switzerland, to introduce na-
tional screening programmes to improve long-term sur-
vival by detecting early-stage lung cancer.

The increasing awareness and ongoing stage shift have im-
plications for imaging-related non-invasive diagnosis and
staging, requiring highly specific and sensitive imaging
methods that allow a better patient-centred strategy to-
wards curative surgery. Characterisation of tumour genom-
ic abnormalities and clinical applications of anticancer
agents that can effectively target these abnormalities have
transformed treatment approaches and have brought preci-
sion therapy into the mainstream of lung cancer care [5].
This has implications on how to use imaging for tumour
follow-up assessment beyond the general use of response
evaluation criteria in solid tumours (RECIST), which
might not be the tool of choice in the future [6].

Currently, different guidelines regarding postoperative fol-
low-up are available [7, 8], but new tissue-sparing surg-
eries as well as non-surgical procedures (stereotactic body
radiotherapy, radiofrequency ablation) require adaptation
of the follow-up scheme and new imaging strategies [9].
This white paper aims to give an overview of the current
advances in imaging in terms of diagnosis, staging, treat-
ment and follow-up of patients, along with appropriate rec-
ommendations.

Imaging modalities

Conventional X-ray

Chest radiographs are still frequently used to screen for
pulmonary anomalies. However, substantial limitations of
this method are the limited accuracy for small lung lesions,
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reduced accuracy for part-solid and ground-glass lesions,
the dependency of lesion location, the reduced spatial reso-
lution and the difficulty of assessing the mediastinal struc-
tures; foremost potential lymph node involvement [10, 11].
An overview of the pros and cons of the various modalities
is given in table 1.

Computed tomography

Computed tomography overcomes the limitations of con-
ventional X-ray and since the dissemination of the results
of the National Lung Screening Trial in 2011, low-dose
chest CT has been promoted as the mainstay of lung cancer
screening [12]. Compared with chest radiography, the CT
screening group showed a reduced mortality from lung
cancer by 20% [12]. In contrast to the promising results
from the National Lung Screening Trial, the first European
screening studies did not demonstrate an improved sur-
vival in a screening cohort. For instance, a pooled analysis
of the Detection and Screening of Early Lung Cancer by
Novel Imaging Technology and Molecular Essays
(DANTE) trial and the Multicentric Italian Lung Detection
(MILD) trial did not show decreased mortality in the
screening cohorts [13, 14]. Although the results were not
statistically significant, both trials as well as the Danish
Lung Cancer Screening Trial (DLCST) detected more can-
cers in the CT screening population. The heterogeneous
results from these studies can be attributed to the study
design which was underpowered to evaluate reduced mor-
tality. With the results from the NELSON trial however, a
significant reduction in lung cancer mortality was found.
Based on these results, a general recommendation for CT
screening in high-risk populations is under discussion.

In general, suspicious lesions on CT imaging are charac-
terised by irregular, spiculated borders and heterogeneous
morphology. Lung cancers tend to occur in the upper lobes
and the apical segments of the lower lobes. For a compre-
hensive risk stratification, additional factors such as age,
smoking history and a family history of lung cancer should
be considered as well. Based on the overall risk assess-
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ment, further recommendations on the management of le-
sions can be provided, such as follow-up intervals, ad-
ditional positron emission tomography (PET)-CT and/or
invasive work-up (CT-guided biopsy, endobronchial ultra-
sound).

The clinical staging of lung cancer (currently in its 8™ edi-
tion [120]) rests on either CT or CT in conjunction with
PET. The local tumour extent is mainly determined by
multiplanar CT measurements. In cases with bronchial ob-
struction, PET-CT can help to distinguish the lesion bound-
aries from atelectasis. Lymph node assessment in CT is
mainly based on size criteria. Although lymph nodes vary
in size depending on their location, a general threshold is
deemed to be 1 cm in short-axis diameter. Additional crite-
ria comprise texture (i.e. enhancement patterns) and shape.
PET-CT is more sensitive for the nodal assessment and the
depiction of distant metastasis. If metastatic spread to the
brain is suspected, additional MR imaging is required to
determine the M stage (figure 1).

Lymph node assessment in CT is mainly based on size cri-
teria. Although short axis thresholds vary depending on the
location, a general threshold is deemed to be 1 cm in short-
axis diameter. Additional criteria comprise texture (i.e. en-
hancement patterns) and shape [15, 16]. By comparison,
PET-CT is more sensitive for the nodal assessment and
the depiction of distant metastasis. In suspected tumour
spread to the brain, additional MR imaging is required. An
overview of the pros and cons of the various modalities is
given in table 1. There are no established protocols for fol-
low-up surveillance imaging after curative therapy, but it is
advisable to consider annual imaging for at least the initial
5 years.

PET/CT

Several meta-analyses demonstrate high sensitivity (ca.
90%) and overall good specificity (ca. 78%) of fluo-
rodeoxyglucose F 18 ('*F-FDG) (PET/CT for the assess-
ment of unclear lung lesions [17-19]. The diagnostic accu-
racy of the PET/CT is strongly positively associated with
the intensity of '*F-FDG uptake in lesions [20]. The sen-

Table 1:
Summary of strengths and weaknesses of each imaging modality.
Imaging modality Strengths Weaknesses
Conventional X-ray Rapidity Low accuracy for small lesions
Availability Low accuracy for non-solid and partially solid le-
sions
Low-cost Difficulty of assessing lymph nodes

Low radiation dose

Computed tomography

Early detection of lung lesions

Low specificity for normal-sized lymph nodes

Reproducibility

Availability

phy

Positron emission tomography-Computed tomogra-

Characterisation of lung nodules

Lack of sensitivity for brain metastases

ment)

Detection of positive lymph nodes (and guide for invasive assess-

Detection of distant metastases

Magnetic resonance imaging

Quantitative imaging

Breathing artefacts

Expensive

Time-consuming

High-end technology

Ultrasound

Assessment of parietal pleural and chest wall invasion

Low visibility of deep structures

Interventional radiology

Image-guided biopsies

Post-procedural complications

Percutaneous thermal ablation
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sitivity is also higher for larger lesions (e.g. ca. 96% for
lesions larger than 10 mm) [21] and vice versa. Small ma-
lignant lesions at the boundaries of the spatial resolution
of PET scanners (2—-6 mm, depending on the performance
of the scanners) are often rated false-negatively [22]. The
same applies to malignant lesions with low '®F-FDG up-
take such as bronchoalveolar cell carcinoma or carcinoid
tumours. The lower rates of specificity are caused by ac-
cumulation of '8F-FDG in reactive and inflammatory tis-
sues. Whole-body '®F-FDG PET/CT is a powerful method
for the detection of lymph nodal or distant metastases of
non-small cell lung cancer (NSCLC) and, in this regard, is
superior than CT alone (figure 2).

Different meta-analyses show a sensitivity of 74-85% and
a specificity of 85-92% for differentiation between a NO-1
status and a N2-3 status [18, 23-26]. The sensitivity and
specificity of the '*F-FDG PET/CT for metastases of non-
small cell lung cancer in CT-morphologically non-suspi-
cious lymph nodes are 70% and 94%, respectively [25].
In a randomised prospective clinical trial, futile surgical
treatments could be reduced by 50% when 'F-FDG PET/
CT was performed prior to the surgical intervention [27].
Another clinical trial demonstrated that the number of in-
vasive tests, especially of mediastinoscopies and thoraco-
tomies, is significantly reduced by prior '*F-FDG PET/
CT [27, 28]. For the detection of distant metastases of
non-small cell lung cancer in '®F-FDG PET/CT, a meta-
analysis revealed a sensitivity of 93% and a specificity of
96% [29]. The majority of distant metastases are found
in osseous structures and the adrenal glands [20]. Since
brain tissue shows a physiologically high '3F-FDG uptake,
the sensitivity for the detection of brain metastases with
BE_.FDG PET/CT is significantly reduced [30]. '®F-FDG
PET/CT is frequently able to identify additional sites of
small cell lung cancer (SCLC) thereby changing the tu-
mour stage from “limited disease” to “extensive disease”
[31, 32].

For primary staging of small cell lung cancer, '*F-FDG
PET/CT demonstrated superior performance (sensitivity of
93%) when compared with conventional imaging modali-
ties (CT and bone scan, sensitivity: 79%) [31]. Specificity
was 100% for both PET/CT and conventional methods
[31]. In several studies, '*F-FDG PET/CT changed the ini-
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tially planned therapy in 8-17% of patients [31, 33, 34].
The performance of '8F-FDG PET/CT regarding the N sta-
tus of small cell lung cancer is supposed to be similar to
that of non-small cell lung cancer. In a meta-analysis, '8F-
FDG PET/CT showed a sensitivity of 99% and a specifici-
ty of 89% regarding the detection of recurrent local cancer
after initial surgery [19]. Further studies confirmed these
results [35, 36]. Besides the detection of recurrent local
tumour, '8F-FDG PET/CT also provides an excellent tool
for the simultaneous detection of distant metastases as de-
scribed above. Response evaluation is recommended af-
ter 2-3 cycles of chemotherapy or immunotherapy, using
the same initial radiographic investigation that demonstrat-
ed tumour lesions (level of evidence IV, grade of recom-
mendation B). The same procedure and timing (every 69
weeks) should be applied for the response evaluation in pa-
tients treated with targeted therapies and/or immunother-
apy. Follow-up with PET is not routinely recommended,
due to its high sensitivity and relatively low specificity.

An overview of the pros and cons of the various modalities
is given in table 1.

Magnetic resonance imaging

Magnetic resonance imaging (MRI) [37] offers improved
soft tissue contrast as well as the ability to image without
the use of ionising radiation and is routinely used in cancer
imaging at multiple disease sites (e.g. prostate cancer, liver
tumours, etc.). Unfortunately, several challenges have so
far impeded any widespread adoption of MRI in detection
or staging of lung cancer, most importantly breathing arte-
facts due to comparably long scan times and an inferior
signal-to-noise ratio due to the low proton density of air.
However, technical improvements over the last few years
(for example, shorter examination times resulting in single
breath-hold examinations) have increased interest in the
use of MRI in lung cancer; furthermore, some promising
pilot studies have been published, suggesting that MRI
may be of value in detecting lung nodules >6 mm [38], and
may be used in follow-up studies after prior CT imaging
[39].

MRI also offers the ability to quantify (patho-)physiolog-
ical parameters of the tumour, thus potentially gaining in-

Figure 1: Lung solid nodule of 12 mm in the middle lobe (white arrow), classified as Lung-RADS 4A (suspicious) (A). The patient underwent
PET-CT, showing fluorodeoxyglucose (FDG) avidity only of the nodule (B).
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creased insight into the tumour microenvironment. For ex-
ample, Razek et al. [40] showed that the apparent diffusion
coefficient (ADC) of diffusion-weighted imaging in lung
cancer was correlated with the tumour’s pathological grade
and the presence of metastatic lymph nodes, while Chang
et al. demonstrated a potential value of dynamic contrast-
enhanced MRI in the assessment of treatment response in
a small group of 11 patients [41]. While these results are
certainly promising, the use of MRI in lung cancer detec-
tion and staging is currently mostly limited to clinical tri-
als. However, given the increasing availability of MR as
part of PET/MR and the greater technical performance of
clinical MR scanners, MRI may be of value in routine clin-
ical practice in the future. An overview of the pros and
cons of the various modalities is given in table 1.

Ultrasound

Ultrasound plays a minor role in the diagnosis, staging and
follow-up of lung tumours. Nevertheless, transthoracic ul-
trasound could be used as an additional tool in specific set-
tings such as assessing parietal pleural and chest wall inva-
sion [42]. An overview of the pros and cons of the various
modalities is given in table 1.
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Intervention

Image-guided biopsy

The Fleischner Society 2017 Guidelines recommend tissue
sampling in solid, noncalcified lung nodules larger than 8
mm either by minimally invasive surgery, transbronchial
endoscopic access or transthoracic needle biopsy [15]. CT-
guided lung biopsy, performed under local anaesthesia, is
an established method with an excellent diagnostic accu-
racy ranging from 80% to 90% [43]. Major complications
are rare; however, the risk of pneumothorax ranges from
10% to 40% with chest tube insertion in 5% to 15% of cas-
es [44]. Tumour seeding through the needle tract represents
a very rare complication with a prevalence reported in the
literature between 0.012% and 0.061% [45].

Percutaneous thermal ablation

The current European Society of Medical Oncology guide-
lines consider surgery as the standard of care for early-
stage (Stage [A) non-small cell lung cancer [46, 47]. In
non-operable patients, accounting for about 20% to 30%
of patients at time of diagnosis [48, 49], stereotactic body
radiotherapy is recommended with thermal ablation being
a reasonable alternative with curative intent [50]. Recent

Figure 2: Large solid mass of the left upper lung (black arrow), with concomitant contralateral nodule (black arrowhead) (A), fluorodeoxyglu-
cose (FDG)-avid on PET-CT (B). PET-CT also raised suspicion of a lesion in the left adrenal (white arrow in panel C), that was confirmed as
an adrenal lesion at the subsequent CT scan, as an enlargement of the gland (white arrow in panel D).
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studies showed comparable outcomes in stage IA non-
small cell lung cancer for thermal ablation compared to
stereotactic body radiotherapy [51-55]. With thermal ab-
lative techniques, 1-year local tumour control and overall
survival rates of 77-85% and 78-91% can be achieved [56,
57]. The most common complication after thermal abla-
tion is pneumothorax with a chest tube insertion rate of
about 20% [56]. Serious adverse events such as systemic
air embolism are reported in less than 1% of cases [56, 57].
Moreover, thermal ablation has multiple advantages [58,
59]:

— Tissue sampling can be performed during the same pro-

cedure;

— Thermal ablation can be repeated as often as necessary
without any dose limitations;

— Thermal ablation has no negative effect on lung func-
tion even after treatment of multiple lesions;

— Thermal ablation is more cost-effective than stereotac-
tic body radiotherapy.

In thermal ablation, tissue destruction is achieved either
through application of heat or cold. The most studied tech-
nique so far is radiofrequency ablation (figure 3). Other
thermal ablative techniques include microwave ablation
and cryoablation, both with comparable results to radiofre-
quency ablation [56, 60]. Cryoablation in particular has
shown promising results in recent years with the multi-
centre, prospective SOLSTICE trial and long-term results
by the prospective ECLIPSE trial with local tumour con-
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trol rates of 85-90% [61, 62]. One of the main advantages
of cryoablation is the painless ablation technique, which
makes general anaesthesia obsolete [63]. In addition,
pleural tumours can be treated without postoperative pain.
Further comparative studies have to be performed to com-
pare the effectiveness of the two techniques.

Reporting

What should be included

In the context of screening, the radiological report should
include details about imaging parameters like the radiation
dose. It should also provide a concise overview of the
screening results along with specific management sugges-
tions, as well as any additional findings [64]. Standardised
templates are preferred to ensure uniform reporting and
guideline adherence [65]. Further, the use of a common ter-
minology is recommended for data collection, quality con-
trol and increased efficiency [66, 67]. Each nodule should
be described with its location (lobe, segment), size (deter-
mined on lung window images and reported as the average
diameter), attenuation (soft tissue, type of calcification,
fat), morphology (solid, non-solid and part-solid), margins
(smooth, lobulated, spiculated) and compared to prelimi-
nary examinations (growth, change of composition) [68].
For unification reasons, nodules need to be classified by an
established classification system such as Lung-RADS 1.1
[69].

Figure 3: Radiofrequency ablation of histologically proven early-stage (Stage I1A) non-small cell lung cancer [46] in a 65-year-old patient. Pan-
el A shows the planning CT depicting the tumour (white arrow) before intervention. Panels B (axial), C (sagittal) and D (coronal) show the de-
ployable radiofrequency ablation (RFA) needle (LeVeen 3.5 cm, Boston Scientific, Natick, MA, USA) in place covering the entire lesion (white
dotted arrows). Panels E (axial) and F (coronal) show the control scan immediately after the procedure, in which the ablation margin (black
dotted arrows) is clearly visible with sufficient distance to the treated tumour (black star). After one year, no signs of local recurrence were de-
tected.
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How to include concomitant findings

For lung cancer screening, the American College of Radi-
ology (ACR) proposed in the CT Screening Reporting and
Data System [70] the category “S”, where the radiologist
can mention non-lung cancer findings that he or she be-
lieves are clinically relevant [69]. We propose that a simi-
lar tag be used in imaging reports of lung cancer patients to
outline findings that are not directly related to the patients’
malignancy but of potential relevance for the patients’ fur-
ther work-up. The ACR Incidental Findings Committee
has published a set of recommendations for managing inci-
dentally detected lung findings on thoracic CT [71] to as-
sist the radiologist in this important task.

TNM

The tumour, node, metastasis (TNM) classification system
for lung cancer was introduced in its 8th edition by the
Union for International Cancer Control (UICC) in 2016
and came into effect in January 2017 with authorisation
by the American Joint Committee on Cancer (AJCC) in
January 2018. The changes made to the 7th edition were
based on recommendations from the International Associa-
tion for the Study of Lung Cancer [72] Staging Project, in-
cluding the analysis of an international database of 94,708
patients from 46 sites and 19 countries. The UICC rec-
ommends the inclusion of the TNM classification in the
data reporting. The classification applies to carcinomas
of the lung including non-small cell lung cancer, small
cell lung cancer and bronchopulmonary carcinoid tumours,
but does not apply to sarcomas and other rare tumours
of the lung. The classification consists of a clinical and a
histopathological part. The clinical classification (cTNM)
is essential for selecting and evaluating the therapy. It is
based on evidence acquired before treatment, from phys-
ical examination, imaging (CT and PET-CT), endoscopy,
biopsy, surgical exploration and other relevant examina-
tions. The pathological classification (pTNM) represents a
postsurgical classification, used to guide adjuvant therapy
and provide additional data to estimate the patient’s prog-
nosis. Compared to the cTNM, it is supplemented or mod-
ified by data from surgery and pathological examination.

Major changes introduced by the TNM 8th edition were:
tumour size cut points in every T category, based on 1 cm
intervals up to 5 cm, thus creating new 1A subgroups (IA1,
1A2, 1A3); the classification of main bronchus involvement
as T2 (with subsequent removal of the 2 cm distance from
the carina as a limit between pT2 and pT3 tumours); classi-
fication of partial and total atelectasis as T2; categorisation
of diaphragm invasion as T4. Mediastinal pleural invasion
was removed from the criteria of T3 definition due to in-
frequent use. No changes were made to the N categories,
though the new TNM categories led to further subgroup-
ing of the III stage category (IIIA, IIIB, IIIC), correspond-
ing to different treatments and outcomes [73]. Likewise,
a new M1b descriptor was introduced for patients with a
single extrathoracic metastatic lesion in a single organ, be-
cause they have better survival and different treatment op-
tions, compared with those with multiple extrathoracic le-
sions (M1c) [74].

The UICC also defined prognostic factors, subcategorised
into tumour-related, host-related and environment-related
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factors. For example, tumour-related factors for surgically
resected non-small cell lung cancer patients are T category,
N category or extracapsular nodal extension; patient-relat-
ed factors for surgically resected non-small cell lung can-
cer patients are parameters such as weight loss and/or per-
formance status; environment-related factors for non-small
cell lung cancer patients are resection margins or adequacy
of mediastinal dissection.

New promising prognostic factors such as tumour-related
molecular/biological markers as well as quality-of-life as-
sessments have been named and might be addressed in fu-
ture TNM editions.

RECIST and iRECIST

RECIST (response evaluation criteria in solid tumours) are
objective criteria used for evaluation of cancer therapy re-
sponse in patients included in clinical trials. The latest and
currently used version of RECIST (v1.1) was published in
2009. According to Eisenhauer et al. [75], lesions to be fol-
lowed during treatment are defined at baseline (no more
than 4 weeks before the beginning of the treatment) and
separated as target lesions (up to 5 lesions with maximum
diameter >10 mm and/or lymph nodes with short axis >15
mm) and non-target lesions (consisting of measurable le-
sions not meeting the target lesion criteria and non-mea-
surable lesions such as effusions and bony lesions). The
sum of the diameters of target lesions is compared to the
nadir value to define complete response (disappearance of
lesions), partial response (at least a 30% decrease), sta-
ble disease (changes insufficient to define partial response
or progressive disease) or progressive disease (at least a
20% increase). The appearance of one or more new lesions
is always considered progressive disease. Non-target le-
sions are evaluated qualitatively. Immunotherapy aims to
enhance the immunological response of patients to the can-
cer cells. The effects of these therapies may lead to a re-
sponse, to a pseudo-progression or, in a limited number of
cases, to a so-called hyperprogressive disease, represent-
ing a rapid progression after starting the treatment [76].
Considering hyperprogressive disease and pseudoprogres-
sion, the RECIST working group developed the immune
response evaluation criteria in solid tumours (iIRECIST)
[77], where the first assessment of progressive disease is
considered unconfirmed until reassessment, usually after
6-8 weeks.

Volumetry

From lung cancer screening trials, we know that the best
predictors of malignancy are nodule size and volume dou-
bling time [78—-80]. In a screening setting, the recommend-
ed cut-off for malignant tumours would be a volume dou-
bling time of <600 days [81] — although the range of
volume doubling time for malignant tumours is larger
(50-800 days), especially due to the slow growth of less
frequent adenocarcinomas [82]. For tumour restaging and
follow-up CT exams, there is no need for volumetry since
the RECIST criteria define the response to chemotherapy.
However, volumetry may be helpful in the assessment of
lung nodules in patients with primary cancers outside the
lung, a screening setting or the appearance of a new lung
nodule in a healed cancer patient. There is substantial inter-
observer variability among volume software and radiolo-

Swiss Medical Weekly - www.smw.ch - published under the copyright license Attribution 4.0 International (CC BY 4.0)

Page 6 of 13



Review article: Biomedical intelligence
|

gists; therefore, it is mandatory to use the same software
or radiologist with the same reconstruction filter of the CT
images (hard/soft) to reduce measurement errors [83]. The
nodule volume can be calculated manually by the Schwartz
formula (volume doubling time = [t log2] / [log Vt/V0],
where t is the time between scans, Vt is the second volume,
and VO is the first volume) or more simply by using an on-
line calculator.

When to follow up and at what interval

Annual screening has already been proven to reduce lung
cancer mortality in large trials [4, 12, 84], therefore annual
screening should be preferred. Nevertheless, the MILD tri-
al provides original evidence that prolonged screening be-
yond five years with every 2 years low-dose computerised
tomography (LDCT) can achieve a lung cancer mortali-
ty reduction comparable to annual LDCT in subjects with
a negative baseline examination [85, 86]. In the future,
scores based on individual risk assessments will further
stratify the screening follow-ups [87].

Future perspectives

Patient-centred precision medicine, circulating tumour
DNA and artificial intelligence

Precision medicine is the integration of genetics, clinics,
imaging and environmental patient features with the aim of
finding the most suitable treatment for each individual pa-
tient, with maximum benefit and limited toxicity [5].

In lung cancer this concept may be currently exemplified
by targeted therapy and immunotherapy. Targeted therapy
is based on the use of drugs specifically directed against
oncogenic driver mutations. The two currently most used
drugs of this category are directed to the epidermal growth
factor receptor mutations and anaplastic lymphoma kinase
(ALK) rearrangements. Evidence already exists supporting
the use of alternative therapeutic agents for specific target
alterations (e.g. BRAF, ROS1, among others). At some
point during these therapies, an acquired resistance may
present, and imaging may play a pivotal role for its early
identification [5, 88]. Furthermore, radiomics is a recently
introduced field of research that may well represent the
role of imaging in lung cancer precision medicine. Ra-
diomics refers to the extraction of qualitative and quan-
titative information from digital images and to perform a
correlation with clinical data with or without associated
gene expression, in order to support evidence-based clini-
cal decision-making [89]. Research studies show that CT
radiomics features may be helpful in more patient-specific
selection of therapy, based on the correlation of these char-
acteristics with mutational status and prognostication
[90-92].

In the context of precision medicine, liquid biopsy must
also be mentioned as a crucial non-invasive technique for
managing lung cancer. Liquid biopsy is a non-invasive
technique critical for managing lung cancer. It analyses
circulating tumour DNA (ctDNA) and circulating tumour
cells (CTCs) in the blood to detect cancer-specific genetic
mutations, such as epidermal growth factor receptor
(EGFR), anaplastic lymphoma kinase and KRAS. This
method allows for early detection and continuous moni-
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toring of the disease, providing insights into treatment ef-
fectiveness and resistance [93]. Liquid biopsies also help
detect minimal residual disease, which could be beneficial
in the future for selecting patients who may benefit from
adjuvant treatment after surgery. Additionally, they help
monitor cancer recurrence post-treatment. Although not a
complete replacement for traditional biopsies, liquid biop-
sies are safer, less invasive and a valuable complement to
enhance lung cancer management [94].

Artificial intelligence refers to specific algorithms driven
by existing data that allow objects to be predicted or clas-
sified. With the exponential growth of the computational
power of microchips over the last decades, linear and logis-
tic regression algorithms have given way to complex algo-
rithms based on machine learning, such as decision trees,
support vector machines and Bayesian networks. Further-
more, deep learning, which uses several layers of machine
learning algorithms, paved the way to even more advanced
analysis, such as artificial neural networks [95], convo-
lutional networks, recurrent neural networks, long-term/
short-term memory and generative adversarial networks
[96]. Supervised learning systems are considered the most
accurate models for training algorithms, requiring re-
searchers to label patient data with inputs and outputs, of-
ten used to predict survival, cancer risk, nodule detection
and nodule characteristics. Unsupervised learning does not
require data labelling and is used to identify associations
between samples. There are also semi-supervised learning
models and reinforcement learning models, the latter using
a reward function to adjust the algorithm.

By supporting diagnosis and predicting clinical outcomes,
artificial intelligence can play a central role in shaping in-
dividual patient management. The most direct contribu-
tions of artificial intelligence to precision medicine are
drug selection, prediction of treatment response [97] and
estimation of survival [98]. Artificial intelligence-based
models can also anticipate treatment-related toxicity, as re-
cently documented for radiation-induced pneumonitis [99,
100]. Nevertheless, many technical challenges hamper the
widespread implementation of artificial intelligence-based
models. The reproducibility and standardisation of artifi-
cial intelligence methodology are critical aspects that need
to be refined [101], and these account for the publication of
the Image Biomarker Standardization Initiative [102] and
the introduction of the radiomic quality score [103].

Augmented reality partially falls within the scope of ar-
tificial intelligence systems, and is currently underway in
generating holograms for more precise surgical planning as
well as for teaching purposes. As mentioned above, low-
dose CT enables early detection of lung cancer and in-
creases the survival of lung cancer patients. Recently, the
LUNAL16 challenge was set up, where several algorithms
were tested, with the best algorithm providing a sensitivity
of more than 95% at fewer than 1.0 false-positive per scan
over a database of 888 CT scans [104]. Artificial intel-
ligence-based screening models represent promising tools
for the role of a second reader, as they detected up to 70%
of lung cancers not detected by the radiologist, but did not
detect about 20% of the lung cancers initially identified by
the radiologist [105]. Moreover, once a nodule is detected,
artificial intelligence can be used to predict the histopatho-
logical characteristics [106] and to stratify the risk of ma-
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lignancy [107]. In the International Symposium on Bio-
medical Imaging (ISBI) 2018 Lung Nodule Malignancy
Prediction Challenge [108], the top five participants used
deep learning models with area under the curve (AUC) be-
tween 0.87 and 0.91 without significant differences. An-
other recent artificial intelligence model achieved an accu-
racy of 93%, with a sensitivity of 82% and a precision of
84% [109]. In addition, artificial intelligence-based mod-
els can distinguish between small cell lung cancer and non-
small cell lung cancer [110], differentiate non-small cell
lung cancer subtypes [111], identify specific molecular fea-
tures (i.e. Ki-67, anaplastic lymphoma kinase, PDL1 or
EGFR expression) through radiomic analysis [112].

Pulmonologist’s perspective

The role of the pulmonologist is critical in detecting pa-
tients at risk of lung cancer early, in diagnosing suspected
lung cancer patients and in evaluating disease extent as
well as treating lung cancer [113]. Diagnosis and definition
of disease extent and staging are not only crucial in de-
termining prognosis but also necessary to direct treatment
strategies [114]. Pulmonary interventions offer less inva-
sive diagnostic and staging possibilities for the assessment
of lung cancer patients. Following radiological imaging,
bronchoscopy allows for cytopathological and histopatho-
logical sampling, which can be used to determine the pre-
cise type of cancer and thus guide treatment strategies.
Direct biopsy (e.g. forceps) can be used for visible endo-
bronchial lesions, while radioscopic or endobronchial ul-
trasound-guided transbronchial forceps biopsy can help to
establish diagnosis in peripheral pulmonary lesions. Vari-
ous techniques are available for diagnostic purposes (e.g.
needle techniques endobronchial ultrasound-needle aspi-
ration, endoscopic ultrasound-needle aspiration and com-
bined endobronchial ultrasound/endoscopic ultrasound-
needle aspiration) [115]. For staging purposes,
endobronchial and endoscopic oesophageal ultrasound-
guided transbronchial needle aspiration has replaced surgi-
cal mediastinal nodal staging as the initial procedure [116].
Pleural effusion puncture can determine stage IV lung can-
cer. Treatment decisions are based on the underlying lung
cancer type, staging and comorbidities. The pulmonolo-
gist evaluates lung functional performance to evaluate op-
erability and determine risk before possible other treatment
approaches (e.g. chemotherapy and radiation therapy). The
treatment decision and treatment administration is usually
decided in a multidisciplinary setting where the pulmo-
nologist plays a pivotal role for patients with lung cancer.

Thoracic surgeon’s perspective

Promising and significant developments have recently oc-
curred in the treatment of lung carcinoma, in part due
to modern oncology. This is also reflected in the current
histopathological subtyping of lung carcinoma, which now
distinguishes numerous tumour entities leading to different
treatment approaches. In addition to the histopathological
and molecular characteristics of the tumour, the prognosis
is also determined by the patient’s sex, general condition
and concomitant diseases. The three modalities for treating
lung cancer remain surgery, radiation and systemic thera-
py, which are increasingly recommended in a patient-ori-
entated and multimodality approach due to the aforemen-

Swiss Med Wkly. 2024;154:3843

tioned development. A curative therapy claim exists for
non-small cell lung cancer [117] in early and, in some cas-
es, advanced stages. However, for the majority of stage
MIB/C and IV patients, therapy is not curative. In recent
years, drug development has led to a significant improve-
ment in the prognosis of many patients thanks to immune
checkpoint and kinase inhibitors in combination with pre-
dictive biomarkers. Important advances have also been
made in the surgical treatment of lung cancer thanks to
technical advances in minimally invasive surgery. Efforts
to resect tumours in a way that spares lung tissue are also
likely to advance patient-centred tumour therapy. Other de-
velopments in therapy include local endoscopic and percu-
taneous interventional therapy and new options in pallia-
tive care. The current staging of non-small cell lung cancer
is based on the TNM classification and the UICCS criteria
[118-120]. Due to the diversity of treatment strategies, the
very heterogeneous stage IIIA with ipsilateral mediastinal
lymph node involvement is additionally classified accord-
ing to Robinson [121]. As a rule, cytological or histologi-
cal confirmation should be performed if N2 or N3 metas-
tasis is suspected. For this purpose, further clarification
by endobronchial or endo-oesophageal ultrasound (EBUS/
EUS) is primarily indicated. If this does not lead to a diag-
nosis, surgical biopsy by video-assisted mediastinoscopy /
video-assisted mediastinoscopic lymphadenectomy (VAM/
VAMLA) or video-assisted thoracoscopy (VATS) is an-
other diagnostic option [118, 122, 123]. Therapeutic ad-
vances have necessitated the development of new patho-
logical classifications of lung cancer [124]. One reason for
this is the importance of molecular testing in addition to
histopathological diagnosis, which must also be feasible
from small tissue samples. If there are no primary con-
traindications for surgery, neither from the tumour situ-
ation nor from comorbidities, the expected postoperative
lung function and the perioperative cardiovascular risk are
crucial for planning the anatomical lung resection. Clari-
fying algorithms for determining cardiopulmonary reserve
have been established, for example, by the European Res-
piratory Society (ERS) and the European Society of Tho-
racic Surgeons (ESTS) [125]. The recommendations for lo-
cal therapy with curative intent apply to the entire group
of non-small cell lung cancers. For systemic therapy with-
out curative intent, recommendations are differentiated by
histological, immunological and genetic markers. With the
advent of systemic molecular targeted therapy, checkpoint
inhibitors and multimodality multidisciplinary therapy,
even patients with metastatic disease and especially pa-
tients with oligometastatic tumour stage can achieve sur-
vival greater than 5 years. The main method of cure is
surgery. A prerequisite for this treatment option is the per-
formance of an anatomical lung resection. The current
standard of minimal expansion is lobectomy [126]. If re-
sectability for a minimally invasive surgical approach is
given (cT1-3, cNO-1), lobectomy should be performed
minimally invasive, uniportally or multiportally video-as-
sisted (uniportal or multiportal VATS lobectomy). This is
now the standard procedure for stage I tumours and is asso-
ciated with less postoperative morbidity and physical im-
pairment [127]. For tumours <2 cm in diameter, anatomical
segment resection is an alternative to lobectomy. Current-
ly, data are available from the Japanese JCOGO0802 trial, in
which n = 1106 stage IA patients were randomly assigned
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to lobectomy or anatomical segment resection [128]. The
S-year survival rate without recurrence was not different
between the two groups, 87.9% and 88.0%, respectively.
However, the 5-year survival rate showed a significant
advantage in favour of segment resection (94.3% versus
91.1%). This advantage was primarily due to lower mortal-
ity from second malignancies and a higher rate of curative
therapy for second malignancies in the segmental group.
In both groups combined, 4.9% of patients died from their
primary lung cancer and 7.8% from another cause of death,
primarily second malignancy, during the observation peri-
od (median 7.3 years) [128]. For central tumour location,
the larger resection extents of pneumonectomy or the more
technically challenging but parenchyma-sparing sleeve re-
sections are available. The mortality after pneumonectomy
is two to three times higher than after lobectomy, due in
part to the greater loss of lung parenchyma and the as-
sociated burden on the right heart. The goal of complete
removal of the hilar and mediastinal lymph nodes during
tumour surgery is to improve prognosis by accurately de-
termining tumour stage (N status) as a basis for stage-ap-
propriate postoperative therapy. There is no evidence of
increased postoperative morbidity or mortality associated
with radical mediastinal lymphadenectomy. Even in PET-
negative mediastinum, systematic intraoperative lymph
node dissection reveals tumour-involved lymph nodes in
10-16%, depending on tumour location and size [129].
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