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Background: Some patients with non-small cell lung cancer (NSCLC) have superior short- and long-term
outcomes with sleeve lobectomy rather than pneumonectomy. Originally sleeve lobectomy was reserved for
patients with limited pulmonary function, however, the reported superior results allowed sleeve lobectomy
to be performed in expanded patient populations. In a further attempt to improve post-operative outcomes
surgeons have adopted minimally invasive techniques Minimally invasive approaches have potential benefits
to patients such as decreased morbidity and mortality while maintaining the same caliber of oncologic
outcomes.

Methods: We identified patients at our institution who underwent sleeve lobectomy or pneumonectomy
to treat NSCLC from 2007 to 2017. We analyzed these groups in respect to 30- and 90-day mortality,
complications, local recurrence, and median survival. We included multivariate analysis to determine the
impact of a minimally invasive approach, sex, extent of resection, and histology. Differences in mortality
were analyzed using the Kaplan-Meier method using the log-rank test to compare the groups. A two-tailed
Z test for difference in proportions was done to analyze complications, local recurrence, 30-day and 90-day
mortality.

Results: A total of 108 patients underwent sleeve lobectomy (n=34) or pneumonectomy (n=74) for
treatment of NSCLC with 18 undergoing open pneumonectomy, 56 undergoing video-assisted thoracoscopic
surgery (VATS) pneumonectomy, 29 undergoing open sleeve lobectomy, and 5 undergoing VAT sleeve
lobectomy. There was no significant difference in 30-day mortality (P=0.064) but there was a difference in
90-day (P=0.007). There was no difference in complication rates (P=0.234) or local recurrence rates (P=0.779).
The pneumonectomy patients had a median survival of 23.6 months (95% CI: 3.8-43.4 months). The
sleeve lobectomy group had a median survival of 60.7 months (95% CI: 43.3-78.2 months) (P=0.008). On
multivariate analysis extent of resection (P<0.001) and tumor stage (P=0.036) were associated with survival.
There was no significant difference between the VAT'S approach and the open surgical approach (P=0.053).
Conclusions: When considering patients undergoing surgery for NSCLC sleeve lobectomy resulted in
lower 90-day mortality and better 3-year survival compared to patients undergoing PN. Having a sleeve
lobectomy rather than a pneumonectomy and having earlier-stage disease lead to significantly improved
survival on multivariate analysis. Having a VATS operation leads to a non-inferior post-operative outcome

compared to open surgery.
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Introduction

Lung cancer remains one of the deadliest cancers leading to
death in 135,720 people in 2020 (1). Early-stage lung cancer
is often treated with complete surgical resection (2). Later-
stage cancers may also be treated with neoadjuvant therapy,
adjuvant chemotherapy, immunotherapy, or radiation (2).
Common surgical treatments include wedge resections and
anatomic resections such as: segmentectomy, lobectomy,
and pneumonectomy (PN). The approach chosen for the
treatment of lung cancer depends on the tumor stage and
location (2). Other factors that are often considered when
deciding surgical management of patients is their functional
status, results from pulmonary function tests, and at times
patients preference (2).

Sleeve lobectomies (SL) are a type of lobectomy where
a section of bronchus is excised and the residual stump is
anastomosed with part of the bronchus distally (3). Rates of
SL and other lung sparing alternatives are increasing due to
the decreased morbidity associated with the procedure (4-7).
The merits of choosing SL over PN, when the patient’s

Highlight box

Key findings
* Video-assisted thoracoscopic surgical technique does not
compromise post-operative outcomes for NSCLC patients.

What is known and what is new?

e Early-stage NSCLC can be treated with surgery including
sleeve lobectomy and pneumonectomy. Patient undergoing
sleeve lobectomy have improved lost-term survival and fewer
complications compared to patients undergoing pneumonectomy.
Minimally invasive surgical techniques are gaining popularity due
to decreased morbidity and patient preference.

e VATS sleeve lobectomy and pneumonectomy are feasible
operations and performing NSCLC surgery using a VATS
approach does not compromise survival.

What is the implication, and what should change now?
¢ Based on this data more surgeons may be influenced to adapt

minimally invasive surgical techniques for the treatment of NSCLC.
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disease is conducive, have been analyzed thoroughly. Studies
have shown lower mortality rates and preservation of
oncologic outcomes (5,8-10). Abdelsattar ez a/. showed that
when analyzing national databases including 23,964 patients,
including 1,713 SL patients, there was improved long-
term survival and decreased mortality in the SL group (11).
The improved outcomes were shown to remain in patients
above 70 years old (12,13). The results also hold following
induction therapy (14). The conclusion can be made that
SL should be chosen over PN when patient characteristics
allow.

In addition to increased utilization of parenchymal-
sparing operations, surgeons have endorsed minimally
invasive approaches such as video-assisted thoracoscopic
surgery (VATS) and robotic-assisted thoracic surgery
(RAT'S). The advantages of a minimally invasive approach
include decreased post-operative morbidity, decreased
length of stay, decreased estimated blood volume (EBL), and
improved post-operative quality of life (15-19). The analysis
of 78 paired cases of SL by a thoracotomy approach vs. a
VAT'S approach showed no significant difference between
the groups in overall survival (OS) and recurrence-free
survival (RES) (16). The VATS group was able to boast lower
EBL, shorter drain dwell, and shorter hospital stay (16).
Nwogu et al. reported early outcomes on VATS PN in
2006 at Roswell Park (20) which followed that of Craig in
1995 (21) and Conlan in 2003 (22). They showed safety,
feasibility, and no compromise in oncologic outcomes.
These results suggest that this procedure has utility in
patients with anatomy that would make a SL suboptimal.
This study provides additional support for the adoption of
VATS technique for SL and PN operations.

Roviaro performed the first VATS lobectomy in 1992
when he removed the right lower lobe of a patient afflicted
with adenocarcinoma (23). Santambrogio performed the
first VATS SL in 2002 to treat disease in the left lower lobe
bronchus (24). Due to concerns about safety and oncologic
outcomes, VATS SL has not been as widely accepted as
VATS PN (25). Though much of the current literature is
single case reports or small series, the larger reviews have
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supported the use of VATS to perform SL. In an article
reviewing 281 cases of VATS SL, there was no increased
rate of complications or mortality (26). There was no
compromise to oncologic outcomes observed (26).

We aim to investigate if there is a relationship between
surgical approach and post-operative NSCLC patient
outcomes. Based on previous works in the field we expect
to see PN patients having worse peri- and post-operative
outcomes when compared with SL patients. We also do
not expect the adoption of a minimally invasive surgical
approach to negatively affect these outcomes. We present
this article in accordance with the STROBE reporting
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-22-654/rc).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the institutional review board of Roswell Park
Comprehensive Cancer Center (No. BDR-055715) and
individual consent for this retrospective analysis was waived.
We reviewed SL and pneumonectomies performed for
NSCLC at Roswell Park Comprehensive Cancer Center
over a 10-year period from 2007 to 2017. We compared
patients who underwent a PN compared to those who had
a SL. Patients were included in the study if they underwent
a SL or PN at Roswell Park Comprehensive Cancer Center
between 2007-2017 due to oncologic reasons. Patients
were excluded from analysis if they underwent a SL or
PN for other reasons such as infection. The open PN and
SL were performed using standard surgical procedure.
Of note, when performing VATS PN we commonly
adopt procedures described by Demmy ez 4/. (27). Patient
follow up was determined by arrival to scheduled follow
up appointments at the Roswell Park Thoracic Surgery
Clinic. Patients were considered lost to follow up if they
failed to arrive to scheduled appointments. Outcome
variables analyzed include: 30-day and 90-day mortality,
complication rate, local recurrence rate, and survival. Due
to the retrospective nature of this study, we cannot ensure
that there was no bias in the reporting of complications.
Due to this, we aimed to analyze variables that had
quantitative reporting rather than qualitative. We hope that
by doing this we helped to alleviate observer bias and have
the ability to carry out straight forward analyses looking for
differences between the SL and PN groups. The 30-day and
90-day mortality were calculated by analyzing the number
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of patient deaths that occurred within 30 and 90 days of
the operation. To analyze complications, we enumerated all
complications [return to operating room, acute respiratory
distress syndrome (ARDS), bronchopleural fistula (BPF),
pneumonia, vocal cord paralysis, empyema, chylothorax,
atrial fibrillation, reintubation]. If patients had multiple
complications each individual complication was recorded.
When analyzing local recurrence, we classified it as disease
within the ipsilateral chest cavity. OS was counted from
the time of surgery until a censoring event that was defined
as death, secondary to any cause, or their last follow-up
visit. If patients were lost to follow up, they were counted
as deceased following their last follow up appointment.
We converted our survival in days to survival in months by
dividing the answer in days by 30.437 (average number of
days in a month). The data set was ended in 2017 to allow
at least three-year survival data on patients.

Statistical analysis

Differences in mortality were analyzed using the Kaplan-
Meier method using the log rank test to compare the
PN and SL groups. A two-tailed Z test for difference
in proportions was done to analyze complications, local
recurrence, 30-day and 90-day mortality. To analyze the
impact of a minimally invasive approach, age at time of
surgery, patient sex, tumor stage, and tumor histology on
survival we performed multivariate analysis.

Results

A total of 108 patients underwent SL or PN for NSCLC
during this ten-year period. Demographic information can
be found in Table 1.

There was a statistically significant difference in 90-day
mortality between the SL and PN groups (P=0.007). There
was no difference in 30-day mortality between the SL and
PN groups (P=0.064) (Table 2).

We then analyzed complication rates between cohorts.
When looking at the PN patients there were 47 complications
and when looking at the SL group there were 17 complications
(P=0.234). The complications and their respective rates can
be seen in Table 3.

We then analyzed the differences in local recurrence
rates. There was no significant difference between local
recurrence rates (P=0.779) and distant recurrence rates
(P=0.576) between the PN and SL groups (7able 4).

The PN group had a median disease-specific survival of
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Table 1 Patient characteristics

Variables Total PN (n=74) Total SL (n=34) Open PN (n=18) VATS PN (n=56) Open SL (n=29) VATS SL (n=5)

Pathologic stage, n (%)

[ 16 (21.6) 9 (26.5) 3(16.7) 13 (23.2) 9(31.0) 0

Il 31 (41.9) 15 (44.1) 9 (50.0) 22 (39.3) 11 (37.9) 4 (80.0)

Il 27 (36.5) 10 (29.4) 6 (33.3) 21 (37.5) 9 (31.0) 1(20.0)
Histology, n (%)

Squamous 40 (54.1) 23 (67.6) 11 (61.1) 29 (51.8) 21 (72.4) 2 (40.0)

Adeno 32 (43.2) 10 (29.4) 6 (33.3) 26 (46.4) 8 (27.6) 2 (40.0)

Large cell 22.7) 1(2.9) 1 (5.6) 1(1.8) 0 1(20.0)
Average age at time of surgery 62.9 62 59.4 64.0 62.1 61.2
Patient sex, n (%)

Male 42 (56.8) 21 (61.8) 13 (72.2) 29 (51.8) 16 (55.2) 5 (100.0)

Female 32 (43.2) 13 (38.2) 5 (27.8) 27 (48.2) 13 (44.8) 0

PN, pneumonectomy; SL, sleeve lobectomy; VATS, video-assisted thoracoscopic surgery; Adeno, adenocarcinoma; Squamous,
squamous cell carcinoma.

Table 2 Patient mortality

Death Total PN (n=74) VATS PN (n=56) Open PN (n=18) Total SL (n=34) Open SL (n=29) VATS SL (n=5)
<30-day 7 (9.5 6 (10.7) 1(5.6) 0 0 0
31- to 90-day 7 (9.5 2 (3.6) 5(27.8) 0 0 0

Data are expressed as N (%). PN, pneumonectomy; SL, sleeve lobectomy; VATS, video-assisted thoracoscopic surgery.

Table 3 Complications

Complication Total PN (n=74) Open PN (n=18)  VATS PN (n=56) Total SL (n=34) Open SL (n=29) VATS SL (n=5)
Return to OR 10 (13.5) 2 (11.1) 8 (14.3) 1(2.9) 1(3.4) 0
ARDS 2(2.7) 2(11.1) 0 0 0 0
BPF 5(6.8) 1(5.6) 4(7.1) 0 0 0
Pneumonia 8(10.8) 2(11.1) 6 (10.7) 6(17.6) 5(17.2) 1(20.0)
Vocal cord paralysis 8(10.8) 3(16.7) 5(8.9) 5(14.7) 5(17.2) 0
Empyema 3(4.1) 0 3(5.4) 0 0 0
Chylothorax 1(1.4) 1(5.6) 0 0 0 0
Afib 8(10.8) 1(5.6) 7 (12.5) 3(8.8) 3(10.3) 0
Reintubation 22.7) 2(11.1) 0 2(5.9) 1(3.4) 1(20.0)
Total 47 14 33 17 15 2

Data are expressed as N (%) or N. PN, pneumonectomy; VATS, video-assisted thoracoscopic surgery; SL, sleeve lobectomy; OR,
operating room; ARDS, acute respiratory distress syndrome; BPF, bronchopleural fistula; Afib, atrial fibrillation.
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Table 4 Recurrence
Metastasis Total PN (n=74) Open PN (n=18) VATS PN (n=56) Total SL (n=34) Open SL (n=29) VATS SL (n=5)
Local* 3(4.1) 0 3(5.4) 1(2.9) 1(3.4) 0
Distant* 18 (24.3) 6 (33.3) 12 (21.4) 10 (29.4) 8 (27.6) 2 (40.0)

*, open vs. VATS: P=0.281. ¥, open vs. VATS: P=0.576. Data are expressed as N (%). PN, pneumonectomy; VATS, video-assisted

thoracoscopic surgery; SL, sleeve lobectomy.

Patient survival

1.0
Extent of resection
0.8 _— PN
- SL
5 —+ PN-censored
2 0.6
s —+ SL-censored
3
§ 0.4
0.2
0.0
T T T T T T
0 1000 2000 3000 4000 5000
Duration of follow up in, d
SL 33 22 6 5 2 0
PN 74 29 10 3 2 0

Figure 1 Patient survival. (A) There was a significantly significant
(P=0.006) difference between the survival of patients undergoing
SL vs. those undergoing PN. Pre-operative FEV1 and an open vs.
VAT approach did not significantly affect survival. (B) SL patients
had a longer median survival of 1,849 days (95% CI: 1,317.8-
2,380.2 days) compared to PN patients with a median survival of
719 days (95% CI: 117.5-1,320.5 days). FEV1, forced expiratory
volume in 1 second; VAT, video-assisted thoracoscopic surgery;

PN, pneumonectomy; SL, sleeve lobectomy.

23.6 months (95% CI: 3.8-43.4 months). The SL group
had a median disease-specific survival of 60.7 months (95%
CI: 43.4-78.2 months) (Figure I).

To determine the impact of the extent of surgical
resection (SL vs. PN), surgical approach (open vs. VATS),
patient sex, age at the time of surgery, tumor histology
(adenocarcinoma, squamous, other), and tumor stage on
median survival we performed a multivariable analysis. We
found that SL patients had superior survival compared to

© Journal of Thoracic Disease. All rights reserved.

PN (P<0.001) and tumor stage (P=0.036) were significantly
associated with survival with earlier-stage patients having
better survival. We were also able to conclude that using a
minimally invasive surgical approach did not compromise

long-term survival compared to open surgical approaches

(P=0.053) (Tuble 5).

Discussion

When comparing our PN outcomes in current literature
we had similar results. In a study of 1,160 patients,
Skrzypczak et al. experienced 30-day mortality of 4% and a
five-year survival of 45% (28). They also experienced 56.7%
morbidity, as defined by the patients experiencing at least
one complication (28). Gu et 4/. analyzed 406 patients and
experiences a 30-day mortality of 3.2% and saw a five-year
survival of 32.5% (29). They observed a 36.7% morbidity (29).
Ludwig et 4l. studied 194 PN patients and observed a 30-day
mortality of 4.6%, a 5-year survival rate of 27% and their
patients had a morbidity rate of 23% (9). Moore et al.
reported a 30-day mortality of 5.1% in 15,524 patients and
a 90-day mortality of 5.1% in a study of 15,455 patients (30).

When analyzing SL outcomes to current literature we had
similar results. Chen ez 4/. observed 30-day mortality of .6%
and 90-day mortality of 0.9% in a patient cohort of 964 (31).
They also reported a morbidity of 4.36% and a five-year
survival of 62.7% (31). Yazgan er al. reported a five-year
survival of 50.9%, a 30-day mortality of 1.2% and a 90-day
mortality of 2.4% for a group of 80 patients (32). In patients
undergoing open SL, Mayne et 4/. reported a 5-year survival
of 79%, a 30-day mortality of 4.5%), and a 90-day mortality
of 6.8% (33).

Conclusions

When considering NSCLC patients, performing a SL rather
than a PN was related to improved median survival and
90-day mortality. And does not negatively impact 30-day
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Table 5 Multivariate analysis

Nitsche et al. Impact of MIS on PN and SL

Variable SE df sig Odds ratio (95% Cl)
Extent of resection (PN vs. SL) 0.323 1 0.000 3.09 (1.62-5.89)
Open vs. VATS 0.281 1 0.053 1.87 (1.06-3.27)
Sex 0.012 1 0.425 0.98 (0.96-1.00)
Age (at time of surgery) 0.011 1 0.069 1.02 (1.00-1.04)
Histology 2 0.295

Adeno vs. others 0.259 1 0.443 0.82 (0.49-1.38)

Squam vs. others 1.019 1 0.157 0.24 (0.03-1.81)
Stage 0.176 1 0.036 1.51 (1.06-2.14)

Statistical significance: P<0.05. df, degrees of freedom; SE, standard error; sig, significance; PN, pneumonectomy; SL, sleeve lobectomy;
VATS, video-assisted thoracoscopic surgery; Adeno, adenocarcinoma; Squam, squamous cell carcinoma.

mortality, complications rate, or local recurrence as seen by
a lack of statistical differences in these variables when the
patients who underwent SL were compared to those who
underwent PN. Median survival was also increased when
the patient had a lower tumor stage.

Finally, survival was not compromised when a patient
had their surgery performed using a minimally invasive
approach. We are able to conclude that the addition of
the minimally invasive cohort did not compromise post-
operative outcomes in patients undergoing SL or PN to
treat NSCLC.

One of the shortfalls of our review is that we had a
relatively few numbers of patients in the VATS SL group.
This therefore may have minimized the impact of this
group either positively or negatively on the total group of
SL. This study was done at a single institution therefore
further work needs to be completed to ensure external

validity.
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