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Introduction

“Is segmentectomy the future?” We believe that the answer 
to this question in a selective “YES!” That is if you are 
referring to “intentionally” anatomic segmentectomy 
for  the surgical  resect ion approach to the smal l  
(<2 cm. diameter), non-small cell lung cancers (NSCLC) 
located in the periphery of the lung parenchyma and 
anatomically located within the boundaries of a chosen 
segment of the lung (1-9). The possibility of obtaining 
adequate resection margins must also be calculated into 
the clinical formulation for “intentionally” choosing to 
perform anatomic segmentectomy over lobectomy for 
such NSCLCs. Anatomic segmentectomy also appears to 
be a preferred approach to the indeterminant peripheral 
pulmonary nodule suspicious for malignancy (10). If these 
radiographic, anatomic criteria can be met, “sublobar 
resection” by either extended wedge resection, or preferably 
anatomic segmentectomy may have an important primary 
management role for the clinical stage Ia NSCLC. Of 
course, the sublobar resection must be accompanied with 
an adequate interlobar, hilar and mediastinal lymph node 
sampling/dissection to establish this “quality sublobar 

resection” (11). Short of meeting these clinical parameters, 
sublobar resection must be considered as a surgical 
approach directed “only” to the physiologically impaired 
patient with a small peripheral NSCLC (12-17).

What leads us to consider sublobar resection/
anatomic segmentectomy for early stage NSCLC?

For as long as physicians have contemplated surgical 
resection of pulmonary pathology, limited resection 
has been considered. The goal of sublobar pulmonary 
resection is to be the preservation of lung parenchyma and 
pulmonary function and reduce postoperative morbidity 
without affecting the primary therapeutic goals of surgical 
extirpation of the pathologic condition. 

The first pulmonary resections, performed over half a 
millennium ago, were only of portions of lung hernias that 
resulted from battlefield chest injuries (18). Subsequent 
lung resections were also “piece meal” resections of necrotic 
lung tissue and intentional sublobar resection of areas 
of limited tuberculous disease (19). As improvements in 
surgical approaches to lung resection emerged, such as; 
use of intercostal access vs. thoracic chest wall resection; 
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single stage lung resections enabled by postoperative chest 
drainage (20); and the eventual acceptance of endotracheal 
intubation with general anesthesia as a preferred approach 
to local/regional analgesia with patient sedation, renewed 
interest in sublobar resection occurred for limited 
pulmonary pathologic conditions (19). 

The use of anatomic segmentectomy was first noted in 
the resection of focal bronchiectasis of the lung reported by 
Belsey and Churchill, and described in detail by Overholt 
(21,22). The pulmonary segment has long been defined 
as the true anatomic unit of the lung (23), and the use of 
this resection for lesions contained within the segmental 
boundaries appeared to be justified.

However, the use of sublobar resection was not 
generally accepted as adequate treatment of carcinoma 
of the lung. An important barrier to the acceptance of 
sublobar resection, and even lobectomy, for the treatment 

of primary bronchogenic carcinoma was the oncologic 
surgical concepts that William Halsted championed for 
the treatment of breast cancer and other cancers (24). 
Halsted believed that the only appropriate operation was 
the removal of the entire organ affected by the cancer, 
any proximate tissues contiguous with the tumor (i.e., 
pectoral muscles and chest wall if necessary), and also all 
lymph node drainage basins proximate to the organ. These 
concepts defined Halsted’s “radical mastectomy” approach 
to breast cancer. This oncologic surgical concept was 
also held by most thoracic surgeons who first approached 
resection of lung cancer—total pneumonectomy was the 
only appropriate resection (25-31). Although lobectomy 
began to be utilized more commonly as an approach for 
the management of primary lung cancer by the middle 
of the 20th century (32-34), this lesser resection was not 
appreciated as a reasonable alternative to pneumonectomy 
until the seminal work of Shimkin et al., which described an 
equivalent survival between lobectomy and pneumonectomy 
for limited lung cancers managed at the Overholt and 
Ochsner Clinics (35) (Figure 1). 

Acceptance of the use of sublobar resection for the 
management of resectable lung cancers by thoracic surgeons 
has been met with even greater challenges. We must 
credit Errett et al. with providing the impetus to consider 
sublobar resection for peripheral stage I lung cancers (12).  
In 1985, Errett  reported his  survival  comparison 
of 100 stage I NSCLC patients with compromised 
cardiopulmonary reserve who were managed with sublobar 
resection to the survival of 97 good risk NSCLC patients 
undergoing lobectomy from 1965 to 1982. He found no 
difference in survival between these groups (Figure 2). 

It appears that this investigation was encouraged by the 
contemporary findings of equivalent survival of breast cancer 
patients undergoing either segmental breast resection with 
radiotherapy to that of radical mastectomy (36).  

Errett’s report eventually inspired the NCI’s Lung 
Cancer Study Group to conduct the important randomized 
study of sublobar resection compared to lobectomy for the 
management of stage I (less 3.0 cm diameter) NSCLC (13). 
The results of Lung Cancer Study Group’s publication 
revealed a statistically equivalent cancer survival which 
did not change on subsequent analysis, however, a three-
fold increase in local recurrence was seen among wedge 
resection and a two-fold plus (2.4) increase among 
segmental resection patients. Two thirds of the sublobar 
resections were performed by “segmentectomy”, although 
the “segmentectomy” site and extent (i.e., single segment 

Figure 1 The results of the landmark study by Shimkin which 
compared the survival outcomes of patients undergoing either 
lobectomy or pneumonectomy for localized disease and not 
localized disease operated upon at the Ochsner and Overholt 
Clinics. Lobectomy found to be equivalent to pneumonectomy for 
localized disease. Reproduced from ref. (35).
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vs. multiple segments removed) was not delineated. This 
study was flawed primarily from the small sample size 
ultimately available for analysis. Although 771 patients 
were registered for trial, only 247 patients (32%) were 
randomized to sublobar resection or lobectomy due to a 
variety of disqualifying circumstances (i.e., not a T1 tumor, 
benign disease, lesion technically inappropriate for sublobar 
resection, or not NSCLC by frozen section). Interestingly, 
although the intended resection was to have “a 2 cm margin 
of resection”, a lack of adherence to this marginal distance 
was not noted as a disqualifying factor for inclusion in the 
randomization process. Could the non-reported marginal 
distance have affected local recurrence rates? Additionally, 
even as the tumors resected were segregated by tumor 
volumes equivalent to diameters of 1, 2, and <3 cm in 
diameter, no objective evidence is provided regarding 
differential local recurrences or survival based on tumor size 
between sublobar and lobectomy patients. 

A contemporaneous retrospective analysis of wedge 
resection vs. lobectomy for stage I NSCLC by Landreneau 
et al., also noted equivalent survival but an increased 
local recurrence among sublobar resection patients. The 
general thought developed that sublobar resection should 
be considered a “compromise resection” approach for 
the physiologically impaired NSCLC patient, and that 
lobectomy remained the standard of surgical care for the 

peripheral early stage NSCLC (14).
Another driving force leading to consideration of sublobar 

resection of the small peripheral lung lesion/cancer was the 
increasing use of computed tomographic (CT) radiographic 
scanning/surveillance of patients at high risk for developing 
lung cancer (i.e., significant smoking history, middle aged, 
and chronic obstructive pulmonary disease). The chest CT 
surveillance effort began in Japan a decade or more before 
being considered in North America and Europe. These 
surveillance efforts identified increasing numbers of small, 
peripheral lung nodules/cancers amenable to sublobar 
resection. Growing interest emerged in Japan for the use of a 
sublobar resection approach for small peripheral lung cancers 
as a result of these CT surveillance efforts.

Eventually similar interests evolved in the West. 
Henschke and the I-ELCAP consortium of North America 
and Europe explored the utility of CT screening among 
patients with increased risk of lung cancer based upon 
smoking history, age and diagnosis of chronic obstructive 
pulmonary disease. Among those patients identified with 
malignant early lung cancers undergoing resection, an 80% 
overall survival was noted and greater than 90% survival 
seen among patients identified with stage I lung cancers (37).  
The results of this effort led to the North American, 
“National Lung Screening Trial (NLST)” which identified 
a 20% reduction in lung cancer deaths among those 

Figure 2 Life-table analysis for cumulative survival rates in patients who underwent either lobectomies or wedge resections for stage I non-
small cell bronchogenic carcinomas. Deaths include operative mortality. Numbers indicate patients at risk at the beginning of each interval. 
Reproduced from ref. (12).
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patients who undergo low-dose helical CT surveillance 
scanning compared with the observation arm of the study 
undergoing standard chest X-ray alone (38). The role of 
possible sublobar resection as a “primary surgical approach” 
alternative to lobectomy for the peripheral small lung 
cancer began to gain traction in North America and world-
wide after these studies were reported (37,38).

Can anatomic segmental resection be equivalent 
to lobectomy for stage I NSCLC? 

	
The Lung Cancer Study Group strongly recommended 
against the use of sublobar resection, by wedge resection or 
anatomic segmentectomy, for the stage I NSCLC patient 
with adequate cardiopulmonary function (13,39). Due to 
the overall weaknesses of such studies a number of thoracic 
surgeons continued to be intrigued with the earlier seminal 
work of Jensik et al. (1) and Read et al. (2) which supported 
the use of a “quality” sublobar resection for appropriately 
selected patients with stage I NSCLC.

As noted above, the results of the international low dose 
CT surveillance efforts directed for high risk patients for 

lung cancer, which have identifying small, peripheral lung 
cancers, has also inspired increased investigation of sublobar 
resection. Okada’s investigation of the outcomes for stage 
I NSCLC managed by lobectomy compared to sublobar 
resection (segmentectomy and wedge resection) based on 
the size of the lung lesion has provided important insight 
into the possible best approach to the small peripheral lung 
cancer (5) (Figure 3).

Important differences in the numbers of patients 
managed by sublobar resection for lesions greater than  
2.0 cm in diameter in this retrospective study by Okada et al.,  
lead to concerns in making definitive recommendations for 
sublobar vs. lobectomy for larger lung cancers. Certainly, 
other para-phenomenal circumstances may have been at 
play in deciding upon sublobar resection among these larger 
tumors (i.e., comorbidities, etc.).

Nevertheless, the data reported by Okada et al. for 
smaller (<2.0 cm diameter) lung cancers treated by 
lobectomy or sublobar resection was compelling and 
probably statistically relevant. Notably, in this work, Okada 
reported a similar survival opportunity with segmentectomy 
and lobectomy among patients with tumors between 2.0 and 

Figure 3 Data summary of Okada experience. Although the message of this provocative study is important regarding the potential utility of 
segmentectomy for the small stage I NSCLC, the patient distribution compared to lobectomy for sublobar resections is comparatively small 
across all tumor sizes. Reproduced from (5). NSCLC, non-small cell lung cancer.
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Figure 4 Cancer-specific survival curves for patients with complete resection for pathologic stage I non-small cell lung cancer of 20 mm or 
less (A), 21 to 30 mm (B), and greater than 30 mm in diameter according to operative procedure. Reproduced from (5).

3.0 cm in diameter. Although the disparity between patients 
treated by lobectomy, segmentectomy, or wedge resection 
for lesions less than 2.0 cm in diameter are important, 
the clinical outcome results between surgical treatment 
approaches were provocative (5) (Figures 4,5).

The influence of tumor size on outcome as influenced 
by the method of resection used has also been emphasized 
in the recent report by Carr et al. (40). Carr and associates 
evaluated the relative efficacy of anatomic segmentectomy 
compared to lobectomy performed among 429 patients 
with pathologic stage Ia–Ib NSCLC at their institution 
over a 7-year period [2002–2009] (40). Stage Ia patients had 
similar survival between surgical approaches as noted in 
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Figure 5 Lobectomy vs. sublobar resection—5-year cancer specific 
survival ‘stage I’. Reproduced from (5).
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Figure 6 Clinical peripheral stage IA NSCLC potentially 
amenable to anatomic segmental resection for cure. NSCLC, non-
small cell lung cancer.

Figure 7 Survival between anatomic segmentectomy vs. lobectomy 
for stage IA NSCLC (segmentectomy: 121; lobectomy: 163). 
Reproduced from (40). NSCLC, non-small cell lung cancer.

Figure 8 Analysis of recurrences (diamonds) based on tumor size 
and surgical margin. The diagonal line represents a surgical margin/
tumor size ratio of 1 over the range of tumors encountered. Note 
that the significant majority of recurrences (23/27=85%) are seen 
when the margin/tumor ratio is less than 1. Reproduced from (6).
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Earlier, Schuchert et al. reported the University of 

Pittsburgh’s general experience with sublobar resection 
(specifically anatomic segmentectomy) for stage I NSCLC. 
In this work, this single institutional experience also 
analyzed the relative survival and the potential risk for 
“local recurrence” following segmentectomy (6). This 
review reported equivalent survivals between lobectomy 
and segmentectomy resections among patients with stage 
I NSCLC. Schuchert reaffirmed the work of Bando  
et al. (41), that the risk for local recurrence was uncommon 
after sublobar resection of lesions less than 2 cm diameter, 
particularly when adequate margins of resection were 
obtained.

Figure 8 from Schuchert’s work illustrates this point, 
where they confirmed that an increased local recurrence 
rate was noted among segmentectomy patients with margin 
of resection was less than the diameter of the cancer being 
resected (6).

More recently, Altorki et al. reported the survival 
differences between stage I NSCLC patients identified by 
the LCAP study group, which was previously mentioned 
in this review (37,42). These investigators identified 
347 patients with stage I NSCLC (<3.0 cm in diameter 
solid lesions) from the LCAP database who underwent 
lobectomy (n=294) or sublobar resection (n=53). Similar 
actuarial survivals were noted between lobectomy (85%) 
and sublobar resection (86%) patients (P=0.86) (42). 

The general interest in identifying the appropriate 
role of sublobar resection for definitive management of 
small peripheral lung cancers led to the Japanese and 
North American studies comparing sublobar resection 
to lobectomy for stage Ia NSCLC (43,44). These large 
clinical studies are presently closed to accrual to patient 
participation and under analysis. The fact that continued 
scrutiny of the local recurrence and survival outcomes 
continue is interesting. Certainly, if important differences 
in local recurrence were noted, at this juncture something 
may have been reported. Overall survival and cancer related 
survival differences between the sublobar and lobectomy 
patients of these important investigations are certainly 
approaching a point where reporting is appropriate. 

We must stand in alert until results of these randomized 
trials of sublobar resection trials reach maturity. However, 
during the course waiting for these findings, we can reflect 
on the results of anatomic segmentectomy compared to 
lobectomy for stage I NSCLC was recently reported by the 
group at the University of Pittsburgh. These investigators 
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used a propensity matched design to compare 312 matched 
stage I NSCLC lung cancer patients who had underwent 
anatomic segmentectomy vs. lobectomy (45). No difference 
in survival or local recurrence was identified between the 
anatomic segmentectomy and lobectomy patients (Figure 9). 

Preservation of pulmonary functionality following 
surgery for resectable lung cancer is an important 
concern. Objective evidence of preservation of pulmonary 
functionality between sublobar resection and lobectomy 
is relatively limited in the literature. Indeed, this was an 
important failure of the Lung Cancer Study Group trial 
noted earlier in this review (13). Keenan et al. did note a 
significant change in spirometric and diffusion capacity 
between patients undergoing lobectomy compared to 
segmentectomy during a common time line in their clinical 
experience (46). These postoperative functional differences 
have been subsequently reported by others (47-49). These 
pulmonary functional differences primarily seen among 
patients undergoing segmentectomies involving 2 or less 
anatomic segments (47,49). 

On the other hand, today we also have local intense 
radiotherapy, “stereotactic body radiotherapy—SBRT”, 
aka, “Stereotactic Ablative Body Radiotherapy—SABR” 
as a non-surgical alternative to the management of the 
peripheral stage I NSCLC (50). Although not the focus 
of this review, there is ongoing consideration for the 
primary use of this local radiation therapy as an alternative 
to surgical resection for the peripheral, small lung cancer, 
particularly among patients who are marginal candidates 

for surgical resection by lobectomy. This push toward 
nonsurgical approaches to the peripheral small lung 
cancer makes it even more important that we understand 
the utility of “well done” wedge resection and anatomic 
segmentectomy for stage I NSCLC. 

What is an acceptable sublobar resection/
segmentectomy and how should it be 
performed?

The definition of an “anatomic segmentectomy” has been 
debated. Should middle lobectomy be considered an 
equivalent resection to a left sided lingulectomy? What 
should we consider a left upper lobe tri-segmentectomy? 
Should we consider it an equivalent to a right upper 
lobectomy—sparing the lingula as we do the middle lobe 
on the right—or should it be considered true segmental 
resection? What do we consider a four segment complete 
lower lobe basilar resection—sparing the superior 
resection of the lower lobe? Is this major resection really a 
segmentectomy? Functionally, such basilar resections seem 
to deserve a separate consideration (47,49). These anatomic 
distinctions appear to have both clinical oncologic and 
functional importance. 

Regardless, whenever sublobar resection for primary 
NSCLC is considered, the primary goal is to obtain clear 
surgical margins. Ideally the margin of resection should be 
equal to the diameter of the resected lesion (6,43-45,51-53).  
A representative regional lymph node sampling of the 

Figure 9 The time to recurrence (A) and overall Survival (B) between stage I NSCLC patients undergoing anatomic segmentectomy vs. 
lobectomy. Reproduced from (45). NSCLC, non-small cell lung cancer.
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interlobar, hilar, and mediastinal lymph nodes should also 
accompany the resection to minimize understaging of 
the cancer. This “clinical to pathologic stage shift” is an 
important concern when attempting to determine the true 
efficacy of any resective/ablative therapy for “presumed” 
early stage lung cancer. Ginsburg and Rubenstein identified 
a 25% stage shift in their randomized trial (13). Other 
investigators have also raised concern for this phenomenon, 
reporting stage shift in up to 30% of lung cancer patients 
undergoing resection (6,13,45,54-56). 

When these two concepts of  adequate surgical 
management are honored, a “quality wedge resection/ 
segmentectomy” may be considered to have occurred which 
can provide a significant therapeutic advantage over wedge 
resections without these characteristics and non-surgical 
approaches (i.e., SBRT/SABR) (6,11,45,46,51). 

As compared to non-anatomic “wedge resection”, 
anatomic segmentectomy commonly affords the opportunity 
for improved surgical margins of resection and mediastinal/
hilar lymph node assessment/dissection (1,2,4-6,45). 

What surgical approach should be considered 
for performance of anatomic segmentectomy?

The clinical information at hand leads us to believe that 
anatomic segmentectomy can provide equivalent outcomes 
to lobectomy for the small peripheral NSCLC. Since the 
introduction of video-assisted thoracic surgery (VATS) 
into our technical armamentarium, the “Ancien Regime” 
of thoracic surgery has been skeptical of this approach to 
thoracic malignancies (15,57-61). 

Recent reports from the West and Asia have noted an 
equivalent clinical outcome for segmentectomy performed 
by open and VATS techniques (62). The expanded role 
of robotic assisted VATS approaches for pulmonary 
resection has also demonstrated efficacy of this technique 
for performance of anatomic segmentectomy (63,64). 
Additionally, advocates of the “Uniportal” VATS approach 
to lung resection have noted success in accomplishing 
anatomic segmentectomy for the early lung cancer (65-67).

Conclusions

As our group has stated earlier, “Anatomic segmental 
resection can be safely performed for the small peripheral lung 
cancer anatomically confined to segmental boundaries. However, 
confirmation of clear, generous margins of resection and the 
assurance of accurate intraoperative pathologic nodal staging 

of the lesion are important considerations that should lead us to 
favor lobectomy over segmentectomy when an issue. For the small 
peripheral lung cancer, however, anatomic segmentectomy appears 
to offer comparable local control and the opportunity for prolonged 
disease-free and overall survival that is not statistically different 
when compared with lobectomy.” (45). 

As a competitive therapeutic approach to non-surgical 
ablative procedures (50,68-70), we have further objectified 
that, “Surgical resection of peripheral lung cancers represents the 
standard of care. Similar to the arguments with breast cancer 
surgery, the advantages of surgery are pathologic assessment of 
surgical margins, the establishment of pathologic regional nodal 
status, and, in this era of increasing enthusiasm for adjuvant 
systemic therapy, provision of tissue for pharmacogenomic 
assessment.” (45). As the opportunity for preservation 
of pulmonary functionality exists without compromise 
of surgical oncologic therapeutic intent, “anatomic 
segmentectomy with objective, thorough assessment of 
mediastinal/hilar lymph node stations”, may be the future 
for the management of the small peripheral lung cancer. 
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