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The Role of Sublobar Resections in the Treatment 
of Small Cell Lung Cancer
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ABSTRACT
Lobectomy is the standard treatment in the early stages of non-small cell lung cancer. Today, however, it is questioned whether 
lobectomy should be performed in all early diagnosed patients. Sublobar resection remains a treatment option in elderly patients 
with low cardiopulmonary reserve who cannot tolerate sublobar resection lobectomy. In small tumors measuring 2 cm in diame-
ter, sublobar resections can provide local recurrence rates and long survival rates equivalent to lobectomy when performed with 
the appropriate techniques in eligible patients. The addition of brachytherapy can further improve the results.
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INTRODUCTION
In a randomized study in 1995, a lung cancer study group 
showed that local recurrence rate was higher in sublobar resec-
tion surgery than in lobectomy in patients with stage-I non-small 
cell lung cancer (NSCLC) (1).  Lobectomy is the preferred surgical 
treatment for stage I NSCLC patients, whereas sublobar resec-
tions are only performed in high-risk patients who cannot tol-
erate lobectomy. Today, some factors make sublobar resections 
an acceptable technique, especially in the surgical treatment of 
peripherally located early stage NSCLC. These factors include 
the recognition of very small-sized NSCLC in high-risk patients 
with evolving tomography techniques and devices, increase in 
the literature showing the success of segmentectomy, especially 
in small peripheral NSCLC cases who cannot tolerate lobectomy, 
low perioperative morbidity and mortality rates in sublobar re-
sections compared to lobectomy, and superiority in preserving 
pulmonary functions (2, 3).

Sublobar Resections in High Risk Patients
Several studies have shown that sublobar resections can be per-
formed for lobectomy with moderate morbidity and mortality, 
recurrence, and survival rates in high-risk patients (4, 5). In a 
meta-analysis by Hou et al. (6), they reported that segmentec-
tomy reduced mortality in patients with stage IA NSCLC com-
pared to larger resections and provided better survival rates 
compared to wedge resection, but that wedge resection and 
segmentectomy provided equal survival rates in sub-group an-
alyzes of T1a cases.  

The Effect of Age
The incidence of lung cancer increases with age. There is an in-
crease in the number of elderly patients with diagnosed lung 

cancer in direct proportion to the aging of society. Database sur-
veys indicate that 70% of newly diagnosed lung cancer cases are 
over 70 years old (7). 

Although age is not a contraindication alone, there is a reduction 
in the number of patients who can tolerate standard lobectomy 
in the elderly population compared to the younger population.  
With increasing age, operative mortality and complication rates 
increase in lobectomy. In the data reported by Mayo Clinic, these 
rates are 6.3% and 48%, respectively. In addition, co-morbidity-
-related mortality rates in elderly patients with early-stage NSCLC 
were found to be higher than cancer-related mortality rates. The 
literature review showed that cardiovascular disease-related 
mortality was higher than cancer-related mortality rates in can-
cer patients aged 70-79 years over the five-year period (8).  Fur-
thermore, SEER (Surveillance, Epidemiology and End Results) 
data indicates that 31% of these patients have not undergone 
lobectomy (9). Studies have shown that sublobar resections are 
effective and beneficial in patients over 75 years old with stage 
I NSCLC. In a study by Kilic et al. (10), lobectomy was compared 
to anatomic segmentectomy in patients older than 75 years with 
stage 1 NSCLC, and it was shown that segmentectomy had lower 
morbidity and mortality rates, whereas there was no significant 
difference in local recurrence and long-term survival rates. 

Tumor Size, Histology and Location
Tumor size is a prognostic factor in NSCLC cases. Sublobar resec-
tions have similar oncologic outcomes as lobectomy in small-sized 
tumors. There was no difference in the survival rate between sub-
lobar resection (anatomic segmentectomy) and lobectomy for 
peripheral tumors smaller than 2 cm (11). However, lobectomy 
provides superior results when the size exceeds 2 cm (12). 



Tumor histology also leads to the decision to perform sublobar 
resection. The prognosis after sublobar resection is associated 
with the histological type. Patients with adenocarcinoma in situ 
(AIS), minimal invasive adenocarcinoma (MIA), and adenocarci-
noma with lepidic growth pattern have a good prognosis after 
sublobar resection. Tumors exhibiting ground-glass opacifica-
tion are often considered as AIS, MIA or lepidic adenocarcinomas 
(13). 

Tumor localization is also important in the decision to perform 
sublobar resection in small-sized NSCLC cases. Peripheral tumors 
constitute the majority of tumors undergoing sublobar resec-
tion.

Surgical Approach and Technical Features
The decision to administer a sublobar resection (wedge resec-
tion or anatomic segmentectomy) is usually made by evaluating 
the patient’s performance, the tumor’s character, and the sur-
geon’s preference. For example, wedge resection is preferred for 
peripheral small tumors in patients with poor performance and 
poor self-care, whereas anatomic segmentectomy is preferred 
for larger tumors confined within the segment. For intersegmen-
tal tumors, extended segmentectomy or wedge resection with 
a surgical margin of at least 1 cm is performed as a sublobar re-
section (14).  Many factors can influence the decision regarding 
which surgical technique to use. For example, lobectomy will be 
preferred to segmentectomy in lesions that have exceeded the 
limits of the segment, the majority of which form deep lesions. 
This is most frequently encountered in the lower lobe superior 
segment and basilar segments. The most common localization in 
the upper lobes is the boundary between the upper division and 
the lingular segment in the upper left lobe.

Mediastinal systematic lymph node sampling should be per-
formed with all sublobar resections. For right-sided lesions, sta-
tions 4R-7 and 9 should be sampled, and for left-sided lesions, 
stations 5-6-7 and 9 should be sampled. In wedge resections, 
only station 10 is sampled as the N1 lymph node.  

If wedge resection is to be performed as a sublobar resection, 
the surgical margins should be intraoperatively checked by fro-
zen section or margin cytology examination.

Width of the Resection
For a sublobar resection, the analysis of the near parenchymal 
area is more important than the analysis of the bronchial surgical 
margin. This is due to the fact that the local recurrence rate is 
found to be increased for resections with a clear margin below 
1.5 cm (15, 16). While the extent of the resection is a controversial 
issue, there is a consensus that a wider resection is better. There 
are reports recommending the intra-operative cytologic study of 
negative margins (17). Lobectomy should be considered if seg-
ment margins are exceeded or positive margins exist.  

The local recurrence rate is the lowest with a tumor size below 
3 cm, consolidation/tumor ratio below 0.5, solid tumor size of 
1.2cm or below, carcinoembryogenic antigen level of 5.0ng/mL 
and the presence of a histological type of adenocarcinoma (18). 

In wedge resections, a clear surgical margin of less than 1.5 cm in 
tumors smaller than 2 cm obviously reduces the local recurrence 
rate, whereas segmentectomy should be preferred for lower re-
currence rates in tumors larger than 2 cm (16, 19). If sublobar re-
section is planned in stage I patients diagnosed with squamous 
cell NSCLC, wedge resection is not recommended, but segmen-
tectomy should be preferred. Local recurrence and lymph node 
positivity rates in squamous cell carcinomas are higher than in 
adenocarcinomas (20). 

According to the recommendations of the National Comprehen-
sive Cancer Network (NCCN, Version 1.2016) guidelines, the dis-
tance between the tumor and the surgical margin at sublobar 
resections should be greater than 2 cm or at least the size of the 
tumor.

The rate of local recurrence is lower because the malignancy rate 
is lower compared to solid tumors in NSCLC cases with ground-
glass opacification. It has been reported that the length of the 
clean surgical margin may be lower in these tumors (21). 

Pulmonary Functions after Sublobar Resections
The reports of the lung cancer study group in 1995 showed that 
limited resection has an advantage in terms of loss of pulmonary 
function in the early postoperative period, but this advantage 
disappeared after 12 months or longer (1). However, it should 
not be forgotten that the patient follow-up period was indicated 
as a limiting factor. Takizawa et al. (22) showed that postopera-
tive FEV1 values were higher in patients undergoing segmentec-
tomy compared with lobectomy, but proposed segmentectomy 
only for patients with limited pulmonary reserve. 

Survival Rate after Sublobar Resection
In a study by Khullar et al. (23) featuring 13,606 patients, it was 
reported that lobectomy was still the gold standard treatment 
in T1A-N0 NSCLC cases, but sublobar resections may be an alter-
native to lobectomy in patients with limited pulmonary reserves 
only if surgical margin and lymph node negativity are present. 
Another report evaluated 2,090 patients with a tumor size of 
less than 1cm, and showed that sublobar resections were more 
commonly performed in elderly patients, female patients, and 
patients with adenocarcinoma and lower lobe tumors and that 
disease-free survival and overall survival rates were equal to that 
of lobectomy (24). 

Sublobar Resection and Brachytherapy
As local recurrence rates are higher, sublobar resections are 
usually performed alternatively to lobectomy in patients with 
limited pulmonary function. Adjuvant RT reduces local recur-
rence rates, but respiratory movements and the difficulties of 
determining the stapler line can limit and complicate RT to 
be applied from outside the body. Adjuvant intraoperative RT 
has been successfully used in many centers through the appli-
cation of iodine-125 on the stapler line (25). The direct appli-
cation of radiation emitting systems on the surgical field has 
many advantages; it provides more specific targeting, minimiz-
es the effect of RT on normal lung tissue, reduces the time and 
dose of treatment, patient tolerance is excellent, and treatment S30
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begins immediately during surgery. In 1998, D’Amato et al. (26) 
covered stapler lines with I-121 Vicryl meshes during VATS 
sublobar resections performed in stage I tumors and demon-
strated success in terms of the control of local recurrence in 
the postoperative period. No implant displacement, radiation 
pneumonia or loss of pulmonary function were observed in 
these studies. Although its effect on the current long-term 
survival rate is not entirely clear, intraoperative brachytherapy 
seems promising for the future. Studies have shown that local 
recurrence rates in sublobar stage-I NSCLC cases corroborated 
by intraoperative brachytherapy are reduced, even at lobecto-
my levels (27). 

As a general safety guideline, it is recommended that children 
under 18 years of age and pregnant women should not get 
closer than 1m away from patients who have received intraop-
erative brachytherapy treatment for a period of three months. 

CONCLUSION
Sublobar resections are considered superior to RT in terms of the 
application of lymph node dissection and the absence of dam-
age to residual lung tissue after treatment. Intraoperative mi-
croscopic border analyzes are performed to reduce recurrences, 
which are the most important local failure of sublobar resection 
therapy. Intraoperative brachytherapy removes the difficulties 
and limitations of RT applied from outside the body. The data of 
patients with sublobar resection corroborated by intraoperative 
brachytherapy is promising in terms of presenting an alternative 
to lobectomy.

RECOMMENDATIONS
1. In stage-I NSCLC patients who are medically eligible, if 

the tumor is confined within a segment, extended seg-
mentectomy or the addition of lymph node dissection in 
lobectomy is recommended, and these techniques have 
similar five-year survival rates.

2. In the high-risk stage I NSCLC patient group, sublobar 
resections in which a clear surgical margin is achieved 
and hilar/mediastinal lymph node sampling is added is 
an alternative surgical procedure to lobectomy.

3. Sublobar resection is an effective and potentially useful 
treatment, especially in patients over 75 years of age 
with NSCLC.

4. A clean surgical margin of more than 1cm is recom-
mended for sublobar resections in stage I NSCLC cas-
es.

5. Patients undergoing sublobar resection should be close-
ly monitored due to high local recurrence rates, which 
includes follow-ups every three months for the first year, 
followed by follow-up every six months.

6. If sublobar resection is performed, anatomic segmen-
tectomy should be preferred to wedge resection.

7. The distance between the tumor and the surgical margin 
appears to be an ineffective factor for local recurrence 
rates in patients undergoing R0 sublobar resection and 
with N0 ground-glass opacities and tumors smaller than 
3 cm.
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