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Background: This study aimed to assess the different survival outcomes of stage I-IITA non-small cell lung
cancer (NSCLC) patients who received right-sided and left-sided pneumonectomy, and to further develop
the most appropriate treatment strategies.

Methods: We accessed data from the Surveillance, Epidemiology, and End Results database from the
United States for the present study. An innovative propensity score matching analysis was used to minimize
the variance between groups.

Results: For 2,683 patients who received pneumonectomy, cancer-specific survival [hazard ratio (HR)
=0.863, 95% confidence interval (CI): 0.771 to 0.965, P=0.010] and overall survival (OS; HR =0.875, 95%
CI: 0.793 to 0.967, P=0.008) were significantly superior in left-sided pneumonectomy patients compared
with right-sided pneumonectomy patients. Cancer-specific survival (HR =0.847, 95% CI: 0.745 to 0.963,
P=0.011) and OS (HR =0.858, 95% CI: 0.768 to 0.959, P=0.007) were also significantly longer with left-
sided compared to right-sided pneumonectomy after matching analysis of 2,050 patients. Adjuvant therapy
could significantly prolong cancer-specific survival (67 versus 51 months, HR =1.314, 95% CI: 1.093 to
1.579, P=0.004) and OS (46 versus 30 months, HR =1.458, 95% CI: 1.239 to 1.715, P<0.001) among left-
sided pneumonectomy patients after the matching procedure, while adjuvant therapy did not increase
cancer-specific survival for right-sided pneumonectomy patients (46 versus 42 months, HR =1.112, 95% CI:
0.933 to 1.325, P=0.236). Subgroup analysis showed that adjuvant chemotherapy could significantly improve
cancer-specific survival and OS for all pneumonectomy patients. However, radiotherapy was associated with
worse survival for patients with right-sided pneumonectomy.

Conclusions: Pneumonectomy side can be deemed as an important factor when physicians determine the

most optimal treatment strategies.
Keywords: Non-small cell lung cancer (NSCLC); left-side; right-side; pneumonectomy; treatment
Submitted Jan 10, 2021. Accepted for publication Mar 17, 2021.

doi: 10.21037/jtd-21-264
View this article at: http://dx.doi.org/10.21037/jtd-21-264

© Journal of Thoracic Disease. All rights reserved. 7 Thorac Dis 2021;13(3):1799-1812 | http://dx.doi.org/10.21037/jtd-21-264


https://crossmark.crossref.org/dialog/?doi=10.21037/jtd-21-264

1800 Jia et al. Treatment strategies of right and left-sided pneumonectomy

Introduction

Lung cancer has been the most common cancer in China
and globally for several decades (1,2). Approximately 75% to
80% of lung cancer patients have non-small cell lung cancer
(NSCLC) (3). Pneumonectomy can significantly affect
quality of life and long-term survival for several reasons.
First, pneumonectomy carries the risk of complications,
including decreased respiratory function, bronchopleural
fistulas, progressive pulmonary hypertension, and elevated
right-heart pressure, amongst others (4,5). Second, it has
been reported that patients who receive right- or left-sided
pneumonectomy may have different prognoses (6,7), and
pneumonectomy of the right lung was associated with a
higher incidence of mortality and morbidity than that of the
left side (8), mainly because the right lung contributes more
to overall lung function than the opposite side (9). Third,
the anatomical structure, blood supply, and metastatic
lymph node routes of the bilateral lungs are not totally
identical. Therefore, right- and left-sided pneumonectomy
may have distinctive long-term survival, but this problem
has not been fully elucidated.

Although adjuvant chemotherapy has been the standard
treatment for stage II-IITA patients with surgery, few studies
have examined patients undergoing pneumonectomy.
Adjuvant radiotherapy was recommended for stage N2
NSCLC patients especially for those with multi-station
mediastinal lymph node metastasis. But the long-term risks
and benefits of adjuvant radiotherapy after pneumonectomy
remain controversial. It is of great importance to determine
the influence of adjuvant therapy on pneumonectomy
patients. Therefore, the purpose of this study was to assess
whether primary tumor sidedness could influence long-
term survival in stage I-IITA NSCLC patients who received
pneumonectomy using a novel and validated PSM approach,
and to further develop the best treatment strategies for
these patients.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-21-264).

Methods
Data source

We accessed data from the Surveillance, Epidemiology, and
End Results (SEER) database from the United States for
the present study (10). Data codes were recorded by the
North American Association of Central Cancer Registries

© Journal of Thoracic Disease. All rights reserved.

(NAACCR) (11). The 3rd edition of the International
Classification of Diseases for Oncology (ICD-0O-3) was
used to code primary tumor histology.

Cobort selection

NSCLC patients aged 18 years or older from 2004 to
2014 were included in this study. Patients with unknown
primary tumor location were excluded. All patients received
pneumonectomy. The study was exempted from ethical
review by the Beijing Cancer Hospital. We obtained the
data agreement and data files were downloaded directly
from the SEER website (12). A flow chart of patient
selection in this study is shown in Figure S1.

Statistical analysis

Patients were categorized into left-sided and right-sided
pneumonectomy. We used the chi-square test or Fisher’s
exact test between groups to perform univariate analysis. A
propensity score was constructed to reduce potential bias.
A multivariate logistic regression model was constructed,
including variables such as age, gender, race, year of
diagnosis, tumor stage, T stage, N stage, original site,
histology, number of lymph node dissections, radiotherapy,
and chemotherapy. Matching (1:1) across the 2 groups was
achieved with a 0.2-width caliper of the standard deviation
of the logit of the propensity score. To evaluate the
matching performance, baseline variables were compared
using the McNemar’s test between the matched groups, and
a difference between -0.1 and 0.1 is generally considered
negligible for the calculation of standardized differences.

We assessed overall survival (OS) and cancer-specific
survival using Kaplan-Meier curves in the matched groups.
Relationships between pneumonectomy laterality and
OS or cancer-specific survival were evaluated using a Cox
regression model stratified by matched pairs.

R software (version 3.3.3; http://www.r-project.org) was
used for statistical analysis. The significance levels were all
two-sided, with statistical significance set at 0.05.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Results

Patient characteristics

In this study, 2,683 stage I-IIIA NSCLC patients who
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received pneumonectomy between 2004 and 2014 were
included. Of these patients, 1,150 patients received right-
sided pneumonectomy and 1,533 patients received left-
sided pneumonectomy. Patient characteristics between the
2 groups are illustrated in 7able 1. More patients with right-
sided pneumonectomy had stage I NSCLC (P=0.006), NO
(P=0.005), had an overlapping lesion (P=0.007), and had
adenocarcinomas (P<0.001). Fewer patients with right-sided
pneumonectomy received chemotherapy (P=0.025).

Survival

The median follow-up was 25 months. Cancer-specific
survival [hazard ratio (HR) =0.863, 95% confidence interval
(CI): 0.771 to 0.965, P=0.010] and OS (HR =0.875, 95%
CI: 0.793 to 0.967, P=0.008) were significantly superior
with left-sided pneumonectomy compared to right-
sided pneumonectomy, with 5-year OS rates of 36.4%
(95% CI: 33.4% to 39.6%) and 40.2% (95% CI: 37.5%
to 43.1%) for patients who received right-sided and left-
sided pneumonectomy, respectively (Figure S2). After
multivariate adjustment, differences were also significant
between left-sided and right-sided pneumonectomy both in
cancer-specific survival (HR =0.836, 95% CI :0.746 to0 0.937,
P=0.002) and OS (HR =0.841, 95% CI: 0.760 to 0.929,
P<0.001; Table 2).

Patients who had a clinical T stage of T2 or T3
(P<0.001), a clinical N stage of N1 (P=0.036) or N2
(P=0.007), had large cell carcinoma (P=0.004), were
diagnosed before 2008 (P<0.001), were diagnosed older
than 40 (P<0.042), were male (P<0.019), did not receive
chemotherapy (P<0.001), and received beam radiotherapy
(P=0.009) or other radiotherapy (P=0.008) were associated
with significantly poorer cancer-specific survival in the
multivariate analysis (Table 2).

After propensity score matching, the propensity scores
for NSCLC patients who received right-sided and left-sided
pneumonectomy were both 0.566+0.073 (P=0.833; Figure S3).
After the matching procedure, 2,050 patients were included
for further analysis, with 1,025 patients in both groups
(Table 1). Cancer-specific survival (HR =0.847, 95% CI: 0.745
to 0.963, P=0.011) and OS (HR =0.858, 95% CI: 0.768 to
0.959, P=0.007) were significantly longer with left-sided
compared to right-sided pneumonectomy (Figure I).

Adjuvant therapy

We further analyzed the impact of adjuvant therapy on
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survival. Among the left-sided pneumonectomy patients,
patients who received adjuvant therapy (N=860) had
significantly prolonged cancer-specific survival (65
versus 44 months, HR =1.319, 95% CI: 1.134 to 1.534,
P<0.001) and OS (47 versus 28 months, HR =1.489, 95%
CI: 1.305 to 1.701, P<0.001) than patients who received
pneumonectomy alone (N=673; Figure S4). Among the
right-sided pneumonectomy patients, patients who received
adjuvant therapy (N=582) had significantly prolonged
OS (36 versus 25 months, HR =1.335, 95% CI: 1.152 to
1.548, P<0.001) but no significant improvement in cancer-
specific survival (46 versus 46 months, HR =1.056, 95%
CI: 0.893 to 1.249, P=0.522) compared to patients who
received pneumonectomy alone (N=568; Figure S5). After
the matching procedure, cancer-specific survival (67 versus
51 months, HR =1.314, 95% CI: 1.093 to 1.579, P=0.004)
and OS (46 versus 30 months, HR =1.458, 95% CI: 1.239
to 1.715, P<0.001) were also significantly longer for
patients who received adjuvant therapy (N=581) compared
with patients who received left-sided pneumonectomy
alone (N=444; Figure 2). Patients who received right-
sided pneumonectomy and adjuvant therapy (N=525) did
not achieve superior cancer-specific survival (46 versus
42 months, HR =1.112, 95% CI: 0.933 to 1.325, P=0.236)
compared to patients who received pneumonectomy alone
(N=500), although adjuvant therapy could improve OS (36
versus 25 months, HR =1.362, 95% CI: 1.165 to 1.592,
P<0.001; Figure 3).

Subgroup analysis showed that adjuvant therapy could
significantly improve cancer-specific survival and OS for
stage II and stage IITA patients with pneumonectomy of
either side (P<0.05). Adjuvant therapy was not associated
with prolonged cancer-specific survival (P=0.687) and
OS (P=0.177) for stage I patients with right-sided
pneumonectomy. Although adjuvant therapy could increase
OS for stage I patents with pneumonectomy of the left lung
(P=0.014), no differences in cancer-specific survival were
observed (P=0.273).

Subgroup analysis also showed that adjuvant
chemotherapy could significantly improve cancer-
specific survival and OS for all pneumonectomy patients.
However, radiotherapy was associated with worse OS
and cancer-specific survival for patients with right-
sided pneumonectomy. The median OS for right-sided
pneumonectomy patients who received chemotherapy
alone, radiotherapy alone, chemoradiotherapy, and
no adjuvant therapy were 54, 12, 28, and 25 months,
respectively (P<0.001). Additionally, the median cancer-
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Table 1 Comparison of baseline characteristics between right-sided and left-sided pneumonectomy patients in the original and matched datasets

Original dataset Matched dataset
Variable Right-sided Left-sided Saift - Right-sided Left-sided S ot
(n=1,150) (n=1,533) (n=1,025) (n=10,25)
Age 0.283 0.748
Up to 40 years 17 (1.5) 13(0.8) 0.059 11(1.1) 12(1.2) —-0.009
41 to 69 years 862 (75.0) 1146 (74.8) -0.005 775 (75.6) 788 (76.9) -0.0
70+ years 271 (23.6) 374 (24.4) 0.019 239 (23.3) 225 (22.0) 0.033
Gender 0.217 0.882
Male 792 (68.9) 1020 (66.5) -0.050 707 (69.0) 703 (68.6) 0.008
Female 358 (31.1) 513 (33.5) 0.050 318 (31.0) 322 (31.4) -0.008
Race/ethnicity 0.251 0.364
Caucasian 990 (86.1) 1328 (86.6) 0.016 893 (87.1) 887 (86.5) 0.017
African-American 97 (8.4) 128 (8.3) -0.003 86 (8.4) 91 (8.9) -0.017
Asian 53 (4.6) 54 (3.5) -0.055 37 (3.6) 39 (3.8) -0.010
Other/unknown 0(0.9) 23 (1.5) 0.058 9(0.9) 8(0.8) 0.011
Year of diagnosis 0.694 0.196
2004-2007 510 (44.3) 655 (42.7) -0.033 453 (44.2) 429 (41.9) 0.047
2008-2011 400 (34.8) 545 (35.6) 0.016 359 (35.0) 381 (37.2) -0.045
2012-2014 240 (20.9) 333 (21.7) 0.021 213 (20.8) 215 (21.0) -0.005
Tumor stage* 0.006 0.148
Stage | 389 (33.8) 437 (28.5) -0.115 330 (32.2) 336 (32.8) -0.012
Stage |l 403 (35.0) 613 (40.0) 0.102 374 (36.5) 336 (32.8) 0.078
Stage IlIA 358 (31.1) 483 (31.5) 0.008 321 (31.3) 353 (34.4) -0.066
Clinical T stage 0.204 0.647
T1 135 (11.7) 161 (10.5) -0.039 121 (11.8) 118 (11.5) 0.009
T2 797 (69.3) 1100 (71.8) 0.054 711 (69.4) 712 (69.5) -0.002
T3 214 (18.6) 271 (17.7) -0.024 193 (18.8) 195 (19.0) -0.005
X 4(0.3) 1(0.1) -0.062 - - -
Clinical N stage 0.005 0.507
NO 466 (40.5) 533 (34.8) -0.119 400 (39.0) 401 (39.1) -0.002
N1 412 (35.8) 631 (41.2) 0.109 380 (37.1) 355 (34.6) 0.051
N2 272 (23.7) 369 (24.1) 0.010 245 (23.9) 269 (26.2) -0.054
Original site 0.007 0.544
Lung lobe 892 (77.6) 1250 (81.5) 0.098 817 (79.7) 792 (77.3) 0.059
Main bronchus 102 (8.9) 140 (9.1) 0.009 91 (8.9) 113 (11.0) -0.072
Overlapping 121 (10.5) 108 (7.0) -0.123 93 (9.1) 91 (8.9) 0.007
lesion of lung
NOS 35 (3.0 35(2.3) -0.047 24 (2.3) 29 (2.8) -0.031

Table 1 (continued)
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Original dataset

Matched dataset

Variable Right-sided Left-sided Sai - Right-sided  Left-sided S ot
(n=1,150) (n=1,533) (n=1,025) (n=10,25)
Histology <0.001 0.774
Adenocarcinoma 411 (35.7) 417 (27.2) -0.183 328 (32.0) 317 (30.9) 0.023
Squamous cell 563 (49.0) 882 (57.5) 0.171 537 (52.4) 540 (52.7) -0.006
carcinoma
Large cell 38 (3.3 66 (4.3) 0.052 38 (3.7) 38 (3.7) 0.000
carcinoma
Other 48 (4.2) 60 (3.9) -0.013 43 (4.2) 46 (4.5) -0.014
NSCLC NOS 90 (7.8) 108 (7.0) -0.030 79 (7.7) 84 (8.2) -0.018
Lymph node dissection 0.106 0.811
1 to 3 removed 66 (5.7) 65 (4.2) -0.069 53 (5.2) 49 (4.8) 0.018
4 or more 994 (86.4) 1364 (89.0) 0.077 898 (87.6) 907 (88.5) -0.027
removed
None/unknown 90 (7.8) 104 (6.8) -0.040 74 (7.2) 69 (6.7) 0.019
Radiotherapy 0.335 0.301
None/unknown 918 (79.8) 1201 (78.3) -0.036 811 (79.1) 798 (77.9) 0.031
Other® 4(0.3) 11(0.7) 0.051 2(0.2) 1(0.1) 0.026
Beam radiation 228 (19.8) 321 (20.9) 0.028 212 (20.7) 226 (22.0) -0.033
Chemotherapy 0.025 0.061
Yes 555 (48.4) 808 (52.7) 0.089 501 (48.9) 540 (52.7) -0.076
No/unknown 595 (51.7) 725 (47.3) -0.089 524 (51.1) 485 (47.3) 0.076

*, P value for chi-square test or Fisher’s exact test; ', P value for McNemar’s test or general McNemar’s test; ¥, The 6th Edition of the
AJCC Cancer Staging Manual; $, isotope, implant, or the combination. AJCC, American Joint Committee on Cancer; Sdiff, standardized

difference.

specific survival for right-sided pneumonectomy patients
who received chemotherapy alone, radiotherapy alone,
chemoradiotherapy, and no adjuvant therapy were 68, 13,
32, and 46 months, respectively (P<0.001). Radiotherapy
did not significantly improve OS and cancer-specific
survival for left-sided pneumonectomy patients either.
The median OS for left-sided pneumonectomy patients
who received chemotherapy alone, radiotherapy alone,
chemoradiotherapy, and no adjuvant therapy were 59, 33,
36, and 28 months, respectively (P<0.001). The median
cancer-specific survival for left-sided pneumonectomy
patients who received chemotherapy alone, radiotherapy
alone, chemoradiotherapy, and no adjuvant therapy were
94 months, 44 months, 44 months, and 44 months,

© Journal of Thoracic Disease. All rights reserved.

respectively (P<0.001).

OS was favorable for left-sided pneumonectomy across
clinical subgroups, including stage II or IIIA, squamous cell
carcinoma, and those who received chemoradiotherapy or
radiotherapy (Figure 4).

Discussion

To our knowledge, this is the largest and the first
population-based study using a novel propensity score
matching analysis to assess the influence of pneumonectomy
side on the survival outcomes of NSCLC patients. This
study indicated that pneumonectomy side may be an
important factor when physicians determine the most

7 Thorac Dis 2021;13(3):1799-1812 | http://dx.doi.org/10.21037/jtd-21-264



ded pneumonectomy

=Sl

Jia et al. Treatment strategies of right and left

1804

(panurzu0d) 7 a1qey,

2000 (9gg'e-Gee'L) ot'e L000>  (#S0'2-2hS ) 08L°L 1000 (9L0'v-66€L) 02872 100°0> (#89'1L-20€"1L) ¥8¥'L 2N
9€0'0 (€90°2-¥20'L) ¥S¥'t L00'0>  (L6¥ L-E¥L'}) 80€E'L G000 (cozc-est 1) €65k 9000 (0ce L-9v0°'L) GLL'L EN
ooualeley ooualeley ooualejey ooualeley ON

obejs N [ealul|)
G260 (800°¢-262°0) 9760 8890 (#86°¢-1L0¥°0) ¥92'1 61970 (060°€-115°0) 9521 6670 (60€°€-855°0) 6SE" 1 XL
k000>  (992°2-0S¥'L) 200°C L00'0>  (961'c-€6€°}) BYL L L00'0>  (962'Cc-€62° 1) €2t 2000 (ceot-eLL'L) L¥E'L €l
k000>  (¥28°k-202'}) ¥8Y'L L00°0>  (L9L'L-6LL°}) et 9000 (66%"1-020'1) L92°} €200 (Lev1-920°'1) 012t 2L
ERIIEIETEN ERIIEIETEN aouaJaley oouaIaley 11

obeys | [eouo
1680 (L22°1-025°0) 096°0 L00°0>  (LLL'2-92G°)) v28't ¥0€'0 (80€"L-€2¥°0) ¥¥2°0 L00'0> (6v9°1-€82'L) GS¥'L vl obeig
9020 (925°1-0520) 020°L L00'0> (89S L-LZL"}) GGE'L 69€°0 (€61°1-229°0) 198°0 6200 (862°L-¥10'L) L¥L'L 1| obess
EIVEIETEN ELIVEIETEN 9ouaJsjey EIVEIETEN | obe1g

,obeys Jjown|
G100 (rS6°0-9%9°0) G82°0 L00'0>  (6S8°0-G85°0) 602°0 erL0 (P¥0"L-1¥2°0) 088°0 #7000 (¢260-859'0) 6220 7102-¢L02
L00'0>  (£280-289°0) €220 L00'0>  (2/8°0-189°0) L1220 L00'0>  (r16°0-LEL0) L180 L00'0> (5060-922°0) 1180 1102-8002
ELIVEIETEN ELIVEIETEN ELIIEIETET ELIVEIETEN 1002-v002

w_wocmm__u JO Jes\
6€0°0 (996°0-8€2°0) 0870 9200 (016°0-922°0) #1570 9900 (S€0°1-G¥€°0) £6G°0 8200 (896°0-G2€°0) 1950 uMoUNUN/IBUIO
€92°0 (P22 1-812°0) 9560 GeL0 (56€°1-162°0) 050" L €250 (¢61°1-202°0) 816°0 1980 (592°1-652°0) 2260 ueisy
2590 (9217 1-122°0) 256°0 LE%°0 (e€L"1-872°0) 1260 9220 (991°1-208°0) 296°0 0LE0 (€60°1-9G/°0) 606'0  UEOLSWIY-UEDLYY
{duslajay {duslajay 2dusJajey {duslajay ueiseone)

Anoluyre/eoey
6100 (526°0-652°0) 1980 000 (600" L-¥6.2°0) 5680 L00'0>  (S06°0-€2.°0) 608°0 L00°0> (016°0-v€2°0) £18°0 olewsa
ooualeley ooualeley oousalejey ooualeley N

lapusyn)
2000 (ovLs-ovv1) 922 9000 (evs'v-062°1L) L2v'e L00'0>  (060°9-128'|) €€€°€ 100°0> (L12'6-82L'1) evie sieak +0/
groo (16G'e-v20'L) 816k 8600 (651°€-806°0) 169" | Gl00 (Geg'e-8SL'L) vOL'2 8200 (0es'e-€L0°L) vv6°L siesh 69 0} |
2douslajay 2doualsjay aouslajay 2doualajay sieak 0Ot 01 QD

aby

d (10 %S6) "H d (10 %S56) 4H d (10 %56) 4H d (10 %S6) 4H
paisnipy paisnipeun paisnipy paisnipeun a|qeLep

[eAIAINs Dl109ds-1a0ue)

[BAIAINS [[BJBAQ

19seaep [eurdLio oy ur Auroydauouwmoaud s syuaned D TDHSN VIII-T 28%S [[e UT [BAIAINS OYIDds-100Ued PUE [[2I9A0 10J S10308] oNsouSold "7 [qeL,

7 Thorac Dis 2021;13(3):1799-1812 | http://dx.doi.org/10.21037/jtd-21-264

© Journal of Thoracic Disease. All rights reserved.



1805

Journal of Thoracic Disease, Vol 13, No 3 March 2021

‘90UBIBYIP PazZIpJepue)s ‘HIPS 4eoue)
UO S9JIWIWOY JUIOf UBDLBWY ‘DO 490uBDd Bun| |[99 |lews-uou ‘OTOSN "UoieUIqWOoD ay} 4o ‘jueldwi ‘edojos! ‘g ‘lenuely Buibels Jeoued DY @yl JO UOIPT Yig 8yl

2000 (2£6°0-9%2°0) 9€8°0 0100 (596°0-122°0) £98°0 L00'0>  (626°0-09.°0) L¥8°0 8000 (296°0-€62°0°0) G280 popIs-}o
ooualeley ooualeley ERIVEIETET| ooualeley papis-1ybiy

apIs Jaoue)
L00'0>  (1621-88€'1) LLG°L L00'0>  (vO¥'L-€2L'}L) G52 L L00'0>  (0G6'L-GSG') Lv. L L00'0> (e€9'1-0¥€L) 627°L UMOUNUN/ON
ooualeley ooualeley oousalejey ooualeley SOA

Adeisyjowsyn
6000 (LLy 1-0S0°L) ZLe'k L00'0> (LGP I-v2l') 082t 2000 (OLv°'1-€80°L) 8€C' | 2Loo (90€'1-€€0°1) 291t uonelpe) weag
8000 (8LL¥-9¢g2'l) 9522 2€0°0 (SLy'e-0v0°L) ¥88°L €000 (c96'e-01€l) 8L2°C €500 (196'¢—266°0) V1Lt #OUI0
2doualalay 2oualajay aouslajey 2ousliajay umouxun/auoN

Adeiayloipey
v.€0 (825" 1-2¥8°0) €G1°} 8v¥°0 (6€5°1-L28°0) 8211 9€6°0 (L62'1-¥52°0) 686°0 8820 (092°1-2€2°0) ¥96°0 UMOUUN/SUON
9050 (¥81°1-602°0) 9160 29’0 (cLe1-2eL'0)er6 0 GeLo (Lv0"1-289°0) G780 0z (S¥0°1-G89°0) 9¥8'0  PaAOWIBI BI0W JO ¥
soualsjey 9ouaJsjey 90uaJsjey 9ouaJsjey paAowsal g€ 0} |

uonoassip apou ydwAd
9G%°0 (v 1" 1-€€2°0) 816°0 8260 (e€2'1-16.°0) 686°0 7280 (561°1-662°0) 2260 218’0 (cez’1-0€8°0) LLO'L SON O10SN
1900 (22L°1-186°0) 20€'L 900 (662" 1-+00°L) 62€E"L 9200 (62L 1-v€0°L) L€€°L 1200 (8€L°1-G¥0°1L) 8¥€'L Jaui0
euwouldied
7000 (206" L-LEL'L) BOY' L L00'0>  (L90'C-LET'}) €65} 2L (8527 1-2L0°1) €2€°L 2000 (c88°1-GSL'L) ¥2¥°L 190 8buen
euwiouloied
2e00 (886°0-152°0) £98°0 ¥91°0 (2€0°1-508°0) ¥16°0 1€1°0 (¥O1"1-898°0) 626°0 G870 (G91°1-626°0) 70"} 190 snowenbg
QouaIsley oouaIsley oouaJaley aouaIsley BWOUIDIED0USPY

ABojoisiH
€200 (r26°1-1LS0°L) OPY' L 9100 (900°2-v20°1) L9v'L €000 (986" L-9¥71'1) 80G'} €000 (626°1-871°L) 20G'L SON
Bun| Jo
19€0 (8L1'1-6€.2°0) 606°0 7890 (G21'1-282°0) 896°0 ¥60°0 (£20°1-902°0) 2580 6020 (690°1-8€2°0) 888°0  uoIise| BuiddenanQ
2670 (v 1-652°0) L€6°0 18€°0 (LL11-6¥2°0) G160 1220 (¢L0"1-9¥2°0) ¥68°0 G610 (290" 1-G¥2°0) 688°0 snyouoiq urey
ERIIEIETEN oouaIajey oouaJaley oouaIajey aqo| bun

ays [eulbuQ

d (10 %S56) "H d (10 %S6) 4H d (10 %56) 4H d (10 %S6) "H
paisnipy paisnipeun paisnlpy pajsnlpeun S|qeleA

[eAIAINS Dlj108ds-190Ue)

[BAIAINS [[BJBAO

(panurzu0s) g s[qey,

7 Thorac Dis 2021;13(3):1799-1812 | http://dx.doi.org/10.21037/jtd-21-264

© Journal of Thoracic Disease. All rights reserved.



1806 Jia et al. Treatment strategies of right and left-sided pneumonectomy

A 1.00

T

=+ Right-sided
Left-sided
0.75 1
Logrank P=0.007,
HR, 0.858 (95% Cl, 0.768 to 0.959)

0.50+

Probability of overall survival

0.254

0.00+

0 10 20 30 40 50 60 70 80 90 100 110 120 130
Time in months

Number at risk

Right-sided 1025 729 553 420 345 272 230 178 139 104 82 49 26 3
Left-sided 1025 797 613 480 373 298 229 188 149 107 78 43 17 2

B 1.00 4
+
"
=+ Right-sided
— Left-sided
S 0.75 1
% Logrank P=0.011,
] HR, 0.847 (95% ClI, 0.745 to 0.963)
Q
:‘6
(]
Q
¢
8 0.50
=
©
o
ksl
z
3
©
8
& 0.251
0.00 |

0 10 20 30 40 50 60 70 8 90 100 110 120 130
Time in months
Number at risk
Right-sided 1025 729 553 420 345 272 230 178 139 104 82 49 26 3
Left-sided 1025 797 613 480 373 298 229 188 149 107 78 43 17 2
Figure 1 Overall survival and cancer-specific survival among stage I-IITA non-small cell lung cancer (NSCLC) patients with

pneumonectomy in the matched dataset. (A) Overall Survival. (B) Cancer-specific survival.
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Figure 2 Overall survival and cancer-specific survival among stage I-IITA non-small cell lung cancer (NSCLC) patients with left-sided

pneumonectomy in the matched dataset. (A) Overall Survival. (B) Cancer-specific survival.
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Figure 3 Overall survival and cancer-specific survival among stage I-ITIA non-small cell lung cancer (NSCLC) patients with right-sided

pneumonectomy in the matched dataset. (A) Overall survival. (B) Cancer-specific survival.
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Figure 4 Overall survival by subgroup among stage I-IITA non-small cell lung cancer (NSCLC) patients with right-sided and left-sided

pneumonectomy in the matched dataset.

optimal treatment strategies.

Lung cancer has been the most commonly diagnosed
cancer and the leading cause of cancer death. In recent
years, several studies have shown that the survival
outcomes between right- and left-sided pneumonectomy
are different (6,8). One previous study showed that the
perioperative death incidence was higher for patients
with right-sided pneumonectomy (8). It has also been
demonstrated that right pneumonectomy was associated
with poorer survival outcomes and more postoperative
complications (6,13). The results in our study were
consistent with previous studies, indicating that OS and
cancer-specific survival were significantly longer with left-
sided pneumonectomy versus right-sided pneumonectomy.
Several reasons might contribute to this phenomenon.
First, the right lung is thought to be more vital for lung
function. Therefore, pneumonectomy of the right lung
might lead to greater loss of alveolar volume, pulmonary
reserve reduction, and ultimately a decrease in respiratory
function. Second, pneumonectomy is disposed to increased
pulmonary artery pressure and can even cause right heart
failure. The major complications were more likely to affect

© Journal of Thoracic Disease. All rights reserved.

the long-time survival of right-side pneumonectomy.
Third, lung cancers located across the 2 sides have different
skipping metastasis routes to mediastinal lymph nodes.
Finally, the anatomical structures differ between the right
and left lung. Therefore, pneumonectomy side could be a
fundamental prognostic factor, and patients receiving right-
sided pneumonectomy may need closer follow up for the
risk of perioperative complications.

Previous studies showed the occurrence of bronchopleural
fistula after surgery, more advanced pathological stage,
and older age were the poor prognostic factors for patients
with pneumonectomy (14,15). The poor prognostic factors
found in our study included patients with a clinical T
stage of 12 or T3, a clinical N stage of N1 or N2, large
cell carcinoma, diagnosed before 2008, diagnostic age
older than 40, male, did not receive chemotherapy, and
received beam radiotherapy or other radiotherapy in the
multivariate analysis. Besides, pneumonectomy should
be carefully selected only in patients with the potential
benefits overweigh the surgical risk. It is worth noting that
patients who did not receive chemotherapy, or received
beam radiotherapy or other radiotherapy had worse cancer-
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specific survival, which indicated that chemotherapy was
essential for patients with pneumonectomy, while the role
of radiotherapy was controversial.

The 2015 World Health Organization (WHO)
classification of tumors of the lung had numerous
important changes and the most significant change was
a new emphasis on genetic studies for advanced lung
cancer patients. Epidermal growth factor receptor (EGFR)
mutation was more likely to occur in patients who were
Asian, female, non-smokers. Anaplastic lymphoma kinase
(ALK) rearrangement occurred more likely in patients who
were younger, women and non-smokers. But for patients
with surgery, chemotherapy and radiotherapy were still
the predominant treatment. The relationship between the
above gene status and the overall survival for lung cancer
patients received chemotherapy is still controversial. It is
imperative to investigate the impact of adjuvant therapy on
patients with pneumonectomy. One previous study showed
that radiotherapy dose was significantly related to a higher
incidence of death owing to cardiopulmonary disease (16).
Another study indicated that radiotherapy might cause higher
death rates due to respiratory disease (5). However, several
other studies showed that the mortality difference was not
significant with regards to perioperative chemotherapy and
radiotherapy (17,18). Our study demonstrated that adjuvant
therapy could significantly prolong survival for patients who
received left-sided pneumonectomy, but did not improve
survival for patients with right-sided pneumonectomy.
We also found that adjuvant chemotherapy was associated
with significantly improved survival for both left- and
right-sided pneumonectomy patients. One previous study
showed that preoperative chemotherapy was associated with
severe pulmonary disease. Therefore the most appropriate
treatment sequence might be pneumonectomy followed
by adjuvant chemotherapy. However, radiotherapy did not
show survival benefits for patients with pneumonectomy,
and even worsened the prognosis of right-sided
pneumonectomy patients. The complications in patients
with pneumonectomy can cause cardiopulmonary
insufficiency, and adjuvant radiotherapy may cause further
respiratory function deterioration. This might be the main
cause of death for patients with pneumonectomy. Moreover,
the results of our study demonstrated that adjuvant therapy
was not essential for stage I patients with pneumonectomy;,
which was also in accordance with previous studies.

There were some limitations in this study. First, we used

© Journal of Thoracic Disease. All rights reserved.

the 6th edition of the American Joint Committee on Cancer
staging manual rather than the 7th edition. This is because
we selected patients in the SEER database from 2004 to
2014 and all patients had staging records based on the 6th
edition in the database. If we chose the 7th version, there
would be many missing values. Furthermore, there were
no significant differences between the 6th and 7th edition
stages, which did not have a considerable effect on the study
results. Second, some variables, such as surgical quality
or RO margin, were not actually available in the SEER
database, and we were unable to analyze these data (19).
Therefore a large sample study with more information
should be conducted to further verify our conclusion.
Third, Uniportal video-assisted thoracic surgery (UniVATYS)
technique was a new surgical method with less invasion. The
efficacy of UniVATS pneumonectomy for NSCLC patients
needed further study. But this information was not recorded
in database.

Conclusions

Right-sided pneumonectomy was associated with worse
survival compared to left-sided pneumonectomy. Adjuvant
therapy could significantly prolong survival among left-
sided pneumonectomy patients, while adjuvant therapy did
not increase cancer-specific survival for patients with right-
sided pneumonectomy. Adjuvant chemotherapy showed
significant benefits for patients who received either left- or
right-sided pneumonectomy, but radiotherapy worsened
prognosis for right-sided pneumonectomy patients. This
study suggests that pneumonectomy side can be deemed as
an important factor when physicians determine the most
optimal treatment strategies.
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