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Epidemiology
With about 3300 deaths each year, lung cancer is 
the most frequent cause of cancer-related deaths 
in Switzerland (1). Lung cancer mostly affects the 
elderly with a median age of around 70 years at 
time of diagnosis (2), and many of them have 
comorbidities or a reduced performance status. 
Although tobacco consumption in industrial nati-
ons has declined over the last decades, smoking 
(actively as well as passively) remains the most 
important risk factor.

Symptoms and diagnosis
The most common symptoms of lung cancer are 
cough, pain, dyspnoea, haemoptysis and weight 
loss, which all occur predominantly in more advan-
ced tumors (3). The diagnostic tests used in the ini-
tial evaluation of patients presenting with symp-
toms suspicious for lung cancer include clinical 
examination, lab tests, chest X-ray, CT thorax and 
bronchoscopy with biopsy (including mediastinal 
staging) (4). Further diagnostic procedures for sta-
ging the tumor may involve FDG-PET/CT, puncture 
of pleura or effusion, imaging of the head (ideally 

with an MRI), mediastinoscopy or video-assisted 
thoracoscopy (VATS).  

Early Stage Lung Cancer
Lung cancer in general can be staged according to 
the TNM classification (5). Early stage lung cancer 
(Stage I-IIA) corresponds to a situation of limited 
localized tumor growth without affection of lymph 
nodes (Table).

Histologically, lung cancer can be classified as 
Non-Small Cell Lung Cancers (NSCLC) or Small-
Cell Lung Cancers (SCLC), which has major implica-
tions on treatment and prognosis of the disease. 
The majority (85%) of lung cancer cases are NSCLC, 
which are themselves a heterogeneous group, that 
may be further divided into adenocarcinoma, squa-
mous cell carcinoma and large cell carcinoma (7, 8). 
Yet, histological sampling may not always be possi-
ble (e.g. due to location or comorbidities).
Most cases of lung cancer are diagnosed in an 
advanced tumor stage and only in a minority of 
cases lung cancer is still in an early stage (8.3% 
stage I and 7.3% stage II) (3). Many patients with 
early stage lung cancer do not have any symptoms 
at the time of diagnosis. As a result, early stage 
lung cancer is often an incidental finding, with a 
suspicious lesion being seen on CT scan or chest 
x-ray (9). While some lesions may present with typi-
cal radiological signs of malignancy, others may 
appear as non-solid nodules, called ground glass 
opacities (GGO).
Overall, cases of lung cancer are often highly indi-
vidual oncological situations. The peculiarities of 
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an individual case, including patient history and 
comorbidities, as well as social aspects need to be 
considered. The oncological situation and thera-
peutic options should be discussed within interdi-
sciplinary tumor boards and in a shared decision-
making with the patient.

Surgery
Evaluation of operability
In general, the standard treatment of early stage 
NSCLC is a surgical approach, as recommended by 
international guidelines such as the German S3 
guideline (10) or the guideline of the National 
Comprehensive Cancer Network (11). To perform 
surgery, the clinical as well as the functional opera-
bility of the patient must be warranted (12). A 
cardio pulmonary assessment, involving functional 
diagnostic using spirometry and/or spiroergome-
try, as well as potentially other cardiological or pul-
monary examinations are required to estimate the 
operability.

Therapeutic procedure
In patients with sufficient pulmonary reserve a 
lobectomy with mediastinal lymphadenectomy is 
the most commonly recommended treatment. 
Many of these resections are performed minimal-
invasively (video-assisted thoracoscopy [VATS] or 
robot-assisted thoracoscopic surgery [RATS]) due 

to the small tumor size and absence of mediastinal 
lymphadenopathy.  However, there is an ongoing 
debate on how to proceed in cases of peripheral 
pure GGO, which might be malignant in over half of 
cases (13, 14). The question of whether a pure GGO 
needs the same oncological resection as a solid 
growing cT1c, cN0 NSCLC remains unanswered 
(15). A sublobar resection is considered an accepta-
ble surgical option for pure GGO lesions or adeno-
carcinoma in situ (16).
A standard lobectomy with mediastinal lymphade-
nectomy in early stage NSCLC is performed in an 
open surgery – via thoracotomy, or minimal-invasi-
vely via VATS/RATS. The decision is made by the 
surgeon depending on tumor localization, tumor 
size, surgeon’s expertise, comorbidities, etc. As 
there are no significant differences in nodal upsta-
ging, 30-day mortality and 5-year survival (17), the 
resection should be performed minimal-invasively 
due to a shorter length of stay and less postopera-
tive pain (18). 
Independently of the resection modality, mediasti-
nal lymphadenectomy leads to more accurate 
oncological therapy, because in 5–15% of the cases, 
there is an unforeseen pathological N2 involvement 
which may require adjuvant therapy (19). 
A different situation is present in patients unable to 
undergo a lobectomy due to poor pulmonary func-
tion. There are other surgical resection modalities 
apart from lobectomy which may be considered. If 
the tumor is located peripherally within the lobe or 
can be assigned to a specific pulmonary segment, 
segmentectomy or wedge resection can be consi-
dered. The advantage of segmentectomy is the 
possibility of harvesting the N1 lymph nodes in the 
intersegmental plane which is not possible in 
wedge resections. As studies comparing the onco-
logical outcomes between lobectomies and seg-
mentectomies for stage IA adenocarcinoma sho-
wed no inferiority of less extensive resection 
procedures, they present a surgical treatment 
option for patients with limited pulmonary function 
(20, 21). Sublobar resection may be considered in 
synchronous or metachronous primary lung cancer.

Possible complications and side effects
Postoperative morbidity after pulmonary resection 
is not rare. The internationally known rate for mor-
tality after lobectomy is 2.6% and the rate for mor-
bidity is 10–15%. The risk for postoperative compli-
cations rises with patients age (22). A common 
complication after a pulmonary resection is a pro-
longed air leak, defined as a leak lasting more than 
7 days (22). As most of the NSCLC patients under-
going treatment are former/current smokers, the 
incidence of lung emphysema is high. Therefore, 
attention should be paid to avoid  damaging 

Table

T1 stadium

T1 diameter ≤ 3cm

T1a(mi) minimal invasive adenocarcinoma

T1a diameter ≤ 1 cm

T1b diameter >> 1 and ≤ 2 cm

T1c diameter >> 2 and ≤ 3 cm

T2 diameter >> 3 and ≤ 5 cm and/or
• infiltration of main bronchus or
• infiltration of visceral pleura or
• obstruction leading to atelectasis or pneumonia

T2a diameter >> 3 and ≤ 4 cm

T2b diameter >> 4 and ≤ 5 cm

UICC-8 tumor stage

IA T1a(mi), T1a

IA2 T1b

IA3 T1c

IB T2a

IIA T2b

T stadium and UICC-8 stage of early stage, nodal negative lung cancer 
(adapted from [6]).
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tumor-free lung parenchyma. Postoperative extu-
bation should be assessed as soon as possible. 
One of the common complications following pul-
monary resection, especially in elderly, is atrial 
fibrillation with an incidence of about 30% (23). 
Specific complications for pulmonary resection 
include: nerve injury, chylothorax, pneumonia, 
empyema, atelectasis, bronchopleural fistula. 

Prognosis
In selected patients eligible for sublobar resec-
tions, some studies reported similar survival rates 
between lobectomy and segmentectomy. In a 
latest study comparing 1018 patients with N0 inva-
sive lung adenocarcinomas smaller than 2 cm, 
after propensity-score matching, no significant 
difference of overall survival or recurrence-free 
survival was found (24). 5-year survival rates have 
been shown to be 67% for stage IA and 55% for 
stage IIA (25).

Stereotactic Radiotherapy
Preparation of a radiotherapy
As mentioned before, patients with lung cancer are 
often elderly and may have comorbidities and an 
impaired general health state. For patients who are 
inoperable or who do not want to undergo surgery, 
stereotactic body radiotherapy (SBRT) is a good 
therapeutic alternative with curative intention (25). 
Often a pulmonary assessment is performed 
before therapy to estimate the risk of side effects.

Planning CT
In order to perform a radiotherapy, a planning CT 
needs to be done. As the application of radiation is 
precisely calculated in modern 3D-conformal 
radiotherapy, the planning CT is required as a refe-
rence image, on which the calculations are done. 
Correct positioning of the patient needs to be 
ensured and in the case of lung cancer, the move-
ment of the tumor during the breathing needs to 
be evaluated. In some situations, further aspects 
may be considered, such as application of certain 
breathing techniques.

Determination of radiation volume and dose
After the planning CT, the radiation oncologists 
define the target volume as well as organs at risk, 
which need to be considered for the radiation 
treatment plan. In the case of SBRT, the defined 
volume that is planned to receive a high radiation 
dose is relatively small, including the tumor and 
only a narrow safety margin around it.
Regarding radiation dose, «stereotactic» or hypo-
fractionated dose regimes (> 2 Gy per fraction) are 
usually used for SBRT of early stage lung cancer. 
While normofractionated schemes of 2 Gy per frac-
tion are used in many radiooncological situations 
and also are common in more advanced stages of 
lung cancer, for early stage NSCLC hypofractionated 
SBRT has shown better results (27). As a result, SBRT 
is today the standard of care for patients with medi-
cally inoperable early stage NSCLC (Figure 1) (28).

Commonly used treatment regimens usually com-
prise three to eight fractions with a biologically 
equivalent dose of more than 100 Gy, as it has been 
shown that these higher doses lead to higher rates 
of local control (29, 30). Commonly used regimes 
include schemes of 3 x 13.5 Gy, 3 x 18 Gy, 5 x 11 Gy 
or 8 x 7.5 Gy (29).

Possible complications and side effects
A common side effect of radiation therapy is tired-
ness. More serious side effects of SBRT, especially 
if the tumor is close to critical structures, involve 
chest wall pain, rib fracture, esophagitis or brachial 
plexopathy (31).
Another rare, but serious potential side effect of 
SBRT is the development of a severe radiation pneu-
monitis, which may lead to coughing, dyspnoea, 
fever and pleuritic pain and may require a cortico-
steroid therapy. In a meta-analysis of multiple obser-
vational studies the rate of severe (≥ grade 3) radia-
tion pneumonitis after SBRT was 2% (32).

Prognosis
Numerous studies have shown that SBRT is an 
effective treatment to ensure ablation of radiated 

Figure 1: Image of a linear accelerator and of the dose profile of an SBRT
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tumor sites with 3-year local control rates of around 
90% (25). In a study of Timmerman et al. rates of  
3-year survival were 55.8% (with a median survival 
of 48.1 months) for patients with early stage NSCLC 
treated with SBRT (26).

Comparison of surgery and SBRT (Conclusion)
Attempts to directly compare surgery and SBRT in 
stage I NSCLC were undergone in the STARS (33) 
and in the ROSEL trial (34). Unfortunately, both tri-
als were closed early due to low patient recruit-
ment. In a pooled analysis, the estimated rates of 
overall survival at 3 years were 86% for SBRT and 
80% for surgery (35). Yet, the data are not sufficient 
to prove equivalence of SBRT to surgery. In a retro-
spective analysis that compared lobectomy and 
SBRT for stage I/II NSCLC, 3-year survival rates 
were in favor of surgery with 92.8% over 59% (36). 
In a propensity matched comparative Dutch analysis 
from 2019, 792 patients aged > 65 years with NSCLC 
stage I underwent VATS lobectomy or SBRT. In mat-
ched groups the 1-, 3- and 5-year OS rates after 
VATS lobectomy were 91%, 68% and 58% and 87%, 
46% and 29% after SBRT (p < 0.001). The survival 
advantage with VATS lobectomy also persisted after 
adjusting for non-matched variables (p = 0.034) (37).

Overall, surgery remains the standard of care for 
medically operable patients as stated by internati-
onal guidelines (10, 11). Beyond mere outcome, sur-
gery also facilitates histological examination of the 
tumor, which may be helpful in situations where 
histological testing is needed. Furthermore, if a 
hilar or mediastinal lymphadenectomy is perfor-
med, this may lead to tumor upstaging and require 
further adjuvant therapy.

Figure 2: Comparison of surgery and SBRT for early stage lung cancer
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In general, surgery and SBRT differ in terms of 
treatment procedure. While an operation necessi-
tates hospitaliziation and narcosis of the patient, 
the SBRT requires several visits, usually daily for 
two weeks (Figure 2). While surgery is the current 
standard of care for early stage lung cancer, SBRT 
is a good therapeutic option for inoperable pati-
ents or patients refusing surgery (38).
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Key  points
 ■ Patients with early stage lung cancer often do not have any symptoms
 ■ Diagnostic procedures involve clinical examination, lab tests, imaging techniques 

and bronchoscopy with biopsy and mediastinal staging
 ■ A cardiopulmonary examination is required to check for functional operability  

(if an operation is considered)
 ■ Surgery is the standard of care for operable patients in early stage NSCLC
 ■ SBRT is a good alternative with high rates of local control for inoperable patients and 

patients refusing to undergo surgery


