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Introduction: This study was designed to assess the long-term survival of lobectomy,
segmentectomy, and wedge resection for pathological stage | non-small cell lung cancer
(NSCLQ) in patients over 75 years of age.

Patients and methods: Pathological stage | NSCLC patients aged >75 years who
underwent lobectomy, segmentectomy, or wedge resection were identified from the
Surveillance, Epidemiology, and End Results database. Propensity score-matched and
competing risks analyses were conducted. The overall survival (OS) rate and lung
cancer—specific survival (LCSS) rate were compared among the three groups based on
the pathological stage.

Results: A total of 3,345 patients were included. In the full cohort, the OS rate and
LCSS rate of lobectomy were superior to wedge resection, but not to segmentectomy,
the OS advantage diminished when patients were over 85 years old or when at least one
lymph node was examined during the procedure. Stratified analyses showed that there
was no significant difference in OS and LCSS rates among the three surgical procedures
for patients with tumors smaller than 1.0cm. The OS and LCSS of wedge resection, not
segmentectomy, were inferior to lobectomy in stage IA2-IB tumors.

Conclusion: Lobectomy should be recognized as the “gold standard” procedure for
pathological stage | NSCLC in patients over 75 years of age, and segmentectomy could
be considered as an effective alternative. Wedge resection could be considered for
patients with compromised cardiopulmonary function or tumors smaller than 1.0cm,
and intraoperative lymph node examination should be conducted.
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sublobar resection; LO, lobectomy.

FIGURE 3 | OS of patients in two age groups. (A) OS of patients between 75 and 85 years old. (B) OS of patients older than 85 years. OS, overall survival; SLR,

TABLE 4 | Stratified univariate Cox regression analyses in matched cohort.

T stage Wedge resection vs. lobectomy

Segmentectomy vs. lobectomy

HR 95% ClI p-value HR 95% ClI p-value

Overall survival

IA1 1.094 0.431-2.777 0.851 1.346 0.294-6.166 0.702
A2 1.836 1.317-2.560 <0.001 0.956 0.526-1.737 0.883
IA3 2.042 1.325-3.149 0.001 1.192 0.572-2.485 0.640
B 1.687 1.132-2.225 0.007 1.316 0.747-2.316 0.342
Lung cancer-specific survival

IA1 1.298 0.324-5.195 0.713 3.172 0.577-17.44 0.184
I1A2 1.804 1.147-2.838 0.011 0.818 0.343-1.948 0.650
IA3 3.433 1.847-6.383 <0.001 1.598 0.575-4.437 0.368
B 1.571 1.014-2.435 0.043 0.907 0.382-2.153 0.824

the aforementioned study, which is 75 years old, the said cut-
point was 85 years old in our study. This shifting could be
stemmed from the technological advancement in the field of
surgical oncology, as well as a sign of development in general
health care services.

Regarding stratified survival outcomes, out results agreed with
the majority of former studies’ conclusion that sublobar resection
was equivalent to lobectomy in terms of survival in patients with
smaller sized tumor (13, 33). A detailed stratified comparison in
elderly patients is, unfortunately, absent. As IASLC (International
Association for the Study of Lung Cancer) asserted that from
1 to 5cm every centimeter count (34), we scrutinized the
survival outcomes in such style. Matched survival analyses
showed that, despite the equivalent survival of lobectomy

and segmentectomy throughout the whole four strata, wedge
resection shared the said similarity only in pathologic IA1 stage.
This result agreed with previous studies that focused on the effect
of different surgical procedures in younger NSCLC patients,
indicating that wedge resection may not be an appropriate
procedure for patients with NSCLC other than IA1 stage even
at advanced age.

Another significant result observed in this study is the
confirmation of the role of lymphadenectomy. It is well
established that the extent of lymph node dissection was
correlated, if not with both better staging and survival according
to Halsted view, with a more accurate staging at least, by
the Cady-Fisher view (35). Stiles et al. demonstrated that SLR
resulted in fewer lymph node resections and was associated with
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FIGURE 4 | OS and LCSS of PS-matched patients with NSCLC in four TNM stages. (A) OS of patients with stage IA1 NSCLC. (B) LCSS of patients with stage IA1

NSCLC. (C) OS of patients with stage I1A2 NSCLC. (D) LCSS of patients with stage IA2 NSCLC. (E) OS of patients with stage IA3 NSCLC. (F) LCSS of patients with

stage IA3 NSCLC. (G) OS of patients with stage IB NSCLC. (H) LCSS of patients with stage IB NSCLC. OS, overall survival; LCSS, lung cancer—specific survival; PS,
propensity score; WR, wedge resection; SE, segmentectomy; LO, lobectomy.
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FIGURE 5 | OS and LCSS of PS-matched patients with at least one lymph node detected during the procedure. (A) OS of PS-matched patients with at least one
lymph node detected during the procedure. (B) LCSS of PS-matched patients with at least one lymph node detected during the procedure. OS, overall survival;
LCSS, lung cancer-specific survival; PS, propensity score; WR, wedge resection; SE, segmentectomy; LO, lobectomy.

inferior survival when compared with lobectomy in patients with
tumor size <5cm (15, 16). In our study, the number of lymph
nodes detected during surgery was correlated with survival, as

the OS and LCSS differences diminished in the propensity score—
matched group when at least one lymph node was examined, and
the said correlation did not cease to exist until the age exceeded
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FIGURE 6 | OS and LCSS of PS-matched patients who underwent either wedge resection or segmentectomy. (A) OS of PS-matched patients who underwent either
wedge resection or segmentectomy. (B) LCSS of PS-matched patients who underwent either wedge resection or segmentectomy. PS, propensity score; WR, wedge
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85 years. Considering the non-negligible reported occult nodal
metastases rate in clinical stage IA NSCLC, which ranges from 4
to 12% (36, 37), the correlation between the number of lymph
nodes detected during surgery and survival in our study was
possibly the effect of the “Will Rogers” phenomenon brought by
the undetected stage shafting effect resulting from the inadequate
intraoperative lymph node evaluation. Thus, it is appropriate
to perform lymph node evaluation provided that there is no
evidence for non-invasiveness even in the resection of stage IA1
NSCLC. The underlying mechanism that the effect of number
of lymph nodes on long-term survival diminishes with age is
currently unclear. Considering the equivalent NCSS between the
two age groups, our study resonated with the results obtained
by Han-Yu Deng et al. (38) that age could be an independent
predictor of lymph node metastasis, which indirectly affected the
oncological effects of lymph node harvesting in elderly patients.
This question is expected to be solved in more extensive and
specific research in the future.

Taking a closer scrutiny to the SLR, it is not hard to assume
that a survival difference should lay between wedge resection and
segmentectomy, due to the distinct surgical approach to hilar
structures and, possibly more important, lymph node removal.
Unfortunately, current evidence is inadequate to determine
the said hypothesized survival difference due to the absence
of relevant randomized controlled trials (RCTs). Although a
considerable amount of retrospective studies have suggested that
segmentectomy is superior to wedge resection regarding long-
term survival (39-41), there is evidence to the contrary that
wedge resection is similar to segmentectomy (42, 43). Our results
suggested that segmentectomy is superior to wedge resection in

terms of LCSS in patients over 75 years old, although it may
not have an OS advantage over wedge resection. The origin of
the said superiority could be derived from the different extent of
lymphadenectomy, as well as the intrinsic difference between the
surgical procedures.

The study has several limitations. First, it is more ideal
that the clinically staged patients be analyzed in addition to
pathologically staged patients. Unfortunately, clinical staging
information was not available in the SEER database. Second,
although the PS matching could partially offset the potential
confounding factors, it is at the expense of the size of the
targeted cohort. Our statistical power could hence be inadequate
to prove non-inferiority. Furthermore, it is the nature of PS
matching that only the recorded factors could be used to
fashion a simulated randomization. Taking into account that the
data of smoking history, performance status, and pulmonary
function were not available, we cannot stress enough that our
results may be affected by uncontrolled bias, which made our
conclusions less convincing. For example, lobectomy would
theoretically positively affect LCSS while negatively affecting
NCSS due to a more radical resection in comparison with
SLR; however, elucidation of the said effects requires adequate
control of patient selection bias that derives from the different
preoperative functional states of patients, which is unavailable
in our study. Finally, it is well-established that retrospective
evaluation of data from administrative database is not a
substitute for randomized trials. However, it is unlikely that
a RCT could be conducted to answer the specific clinical
question. Despite the inherent biases that are intertwined
with the study’s retrospective nature, we do believe that, by
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controlling available demographic and tumor-related factors
with PS matching, the biases can be minimized to the best
extent possible.

CONCLUSIONS

Our study demonstrates that in the treatment of stage I NSCLC,
lobectomy does not negatively affect NCSS in comparison
with SLR in patients >75 years old and should be considered
the “gold standard” for the treatment of NSCLC; nonetheless,
wedge resection with lymphadenectomy may be a non-inferior
alternative in elderly patients who are >85 years old and
in elderly patients with pathologic stage IA1 NSCLC. In
addition, segmentectomy and lobectomy seem to be comparable
procedures for elderly patients with pathological stage I NSCLC.
Lymphadenectomy should be conducted as part of SLR in elderly
patients younger than 85 years unless there is adequate evidence
that it is a minimally invasive tumor. Further studies should be
performed to elucidate the effectiveness of SLR in elderly patients
with stage I NSCLC.

REFERENCES

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer ] Clin. (2020)
70:7-30. doi: 10.3322/caac.21590
2. Smith BD, Smith GL, Hurria A, Hortobagyi GN, Buchholz TA. Future of
cancer incidence in the United States: burdens upon an aging, changing
nation. J Clin Oncol. (2009) 27:2758-65. doi: 10.1200/JC0O.2008.20.8983
3. Hutchins LE Unger JM, Crowley JJ, Coltman Jr CA, Albain KS.
Underrepresentation of patients 65 years of age or older in cancer-treatment
trials. N Engl ] Med. (1999) 341:2061-7. doi: 10.1056/NEJM199912303412706
. Yee KW, Pater JL, Pho L, Zee B, Siu LL. Enrollment of older patients in
cancer treatment trials in Canada: why is age a barrier? J Clin Oncol. (2003)
21:1618-23. doi: 10.1200/JC0O.2003.12.044
5. National Lung Screening Trial Research Team, Aberle DR, Adams AM,
Berg CD, Black WC, et al. Reduced lung-cancer mortality with low-dose
computed tomographic screening. N Engl ] Med. (2011) 365:395-409.
doi: 10.1056/NEJMoal102873
6. Pastorino U, Silva M, Sestini S, Sabia F, Boeri M, Cantarutti A, et al. Prolonged
lung cancer screening reduced 10-year mortality in the MILD trial: new
confirmation of lung cancer screening efficacy. Ann Oncol. (2019) 30:1162-9.
doi: 10.1093/annonc/mdz117
7. Becker N, Motsch E, Trotter A, Heussel CP, Dienemann H, Schnabel PA,
et al. Lung cancer mortality reduction by LDCT screening-Results from
the randomized German LUSI trial. Int ] Cancer. (2020) 146:1503-13.
doi: 10.1002/ijc.32486
8. Cohen JT, Lin PJ, Sheinson DM, Wong WB, Wu N, Yim YM, et al. Are
National Comprehensive cancer network evidence block affordability ratings
representative of real-world costs? An evaluation of advanced non-small-cell
lung cancer. ] Oncol Pract. (2019) 15:¢948-56. doi: 10.1200/JOP.19.00241
9. Shirvani SM, Jiang J, Chang JY, Welsh J, Likhacheva A, Buchholz TA, et al.
Lobectomy, sublobar resection, and stereotactic ablative radiotherapy for
early-stage non-small cell lung cancers in the elderly. JAMA Surg. (2014)
149:1244-53. doi: 10.1001/jamasurg.2014.556
Harada H, Okada M, Sakamoto T, Matsuoka H, Tsubota N. Functional
advantage after radical segmentectomy versus lobectomy for lung cancer. Ann
Thorac Surg. (2005) 80:2041-5. doi: 10.1016/j.athoracsur.2005.06.010
Zhang Z, Feng H, Zhao H, Hu ], Liu L, Liu Y, et al. Sublobar resection is
associated with better perioperative outcomes in elderly patients with clinical
stage I non-small cell lung cancer: a multicenter retrospective cohort study. J
Thorac Dis. (2019) 11:1838-48. doi: 10.21037/jtd.2019.05.20

10.

11.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by the Ethics Committee of the Peking
University ~ First ~ Hospital. ~The  patients/participants
provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

XZ and GL participated in research design, data analysis, and
wrote the paper. XZ and JL participated in research design and
data analysis. All authors contributed to the article and approved
the submitted version.

Dong S, Roberts SA, Chen S, Zhong X, Yang S, Qu X, et al. Survival after
lobectomy versus sub-lobar resection in elderly with stage I NSCLC: a meta-
analysis. BMC Surg. (2019) 19:38. doi: 10.1186/s12893-019-0500-1

. Okami J, Ito Y, Higashiyama M, Nakayama T, Tokunaga T, Maeda J,
et al. Sublobar resection provides an equivalent survival after lobectomy in
elderly patients with early lung cancer. Ann Thorac Surg. (2010) 90:1651-6.
doi: 10.1016/j.athoracsur.2010.06.090

Dell’Amore A, Monteverde M, Martucci N, Sanna S, Caroli G, Dolci
G, et al. Lobar and sub-lobar lung resection in octogenarians with
early stage non-small cell lung cancer: factors affecting surgical outcomes
and long-term results. Gen Thorac Cardiovasc Surg. (2015) 63:222-30.
doi: 10.1007/s11748-014-0493-8

Stiles BM, Mao J, Harrison S, Lee B, Port JL, Sedrakyan A, et al. Extent of
lymphadenectomy is associated with oncological efficacy of sublobar resection
for lung cancer <2cm. J Thorac Cardiovasc Surg. (2019) 157:2454-65.el.
doi: 10.1016/j.jtcvs.2019.01.136

Stiles BM, Mao J, Harrison S, Lee B, Port JL, Altorki NK, et al. Sublobar
resection for node-negative lung cancer 2-5cm in size. Eur J Cardiothorac
Surg. (2019) 56:858-66. doi: 10.1093/ejcts/ezz146

Ginsberg RJ, Rubinstein LV. Randomized trial of lobectomy versus
limited resection for T1 NO non-small cell lung cancer. Lung Cancer
Study Group. Ann Thorac Surg. (1995) 60:615-22; discussion 622-3.
doi: 10.1016/0003-4975(95)00537-U

Subramanian M, McMurry T, Meyers BE Puri V, Kozower BD.
Long-term results for clinical stage IA lung cancer: comparing
lobectomy and sublobar resection. Ann Thorac Surg. (2018) 106:375-81.
doi: 10.1016/j.athoracsur.2018.02.049

Port JL, Kent MS, Korst R], Libby D, Pasmantier M, Altorki NK. Tumor size
predicts survival within stage IA non-small cell lung cancer. Chest. (2003)
124:1828-33. doi: 10.1378/chest.124.5.1828

Nakamura K, Saji H, Nakajima R, Okada M, Asamura H, Shibata T, et al. A
phase III randomized trial of lobectomy versus limited resection for small-
sized peripheral non-small cell lung cancer (JCOG0802/WJOG4607L). Jpn |
Clin Oncol. (2010) 40:271-4. doi: 10.1093/jjco/hyp156

Kohman LJ, Gu L, Altorki N, Scalzetti E, Veit L], Wallen JM, et al. Biopsy
first: lessons learned from Cancer and Leukemia Group B (CALGB) 140503. ]
Thorac Cardiovasc Surg. (2017) 153:1592-7. doi: 10.1016/j.jtcvs.2016.12.045
Dehejia RH, Wahba S. Propensity score-matching methods for
nonexperimental causal studies. Rev Econ Stat. (2002) 84:151-61.
doi: 10.1162/003465302317331982

20.

21.

22.

Frontiers in Surgery | www.frontiersin.org

10

April 2021 | Volume 8 | Article 652770


https://doi.org/10.3322/caac.21590
https://doi.org/10.1200/JCO.2008.20.8983
https://doi.org/10.1056/NEJM199912303412706
https://doi.org/10.1200/JCO.2003.12.044
https://doi.org/10.1056/NEJMoa1102873
https://doi.org/10.1093/annonc/mdz117
https://doi.org/10.1002/ijc.32486
https://doi.org/10.1200/JOP.19.00241
https://doi.org/10.1001/jamasurg.2014.556
https://doi.org/10.1016/j.athoracsur.2005.06.010
https://doi.org/10.21037/jtd.2019.05.20
https://doi.org/10.1186/s12893-019-0500-1
https://doi.org/10.1016/j.athoracsur.2010.06.090
https://doi.org/10.1007/s11748-014-0493-8
https://doi.org/10.1016/j.jtcvs.2019.01.136
https://doi.org/10.1093/ejcts/ezz146
https://doi.org/10.1016/0003-4975(95)00537-U
https://doi.org/10.1016/j.athoracsur.2018.02.049
https://doi.org/10.1378/chest.124.5.1828
https://doi.org/10.1093/jjco/hyp156
https://doi.org/10.1016/j.jtcvs.2016.12.045
https://doi.org/10.1162/003465302317331982
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles

Zhang et al.

Surgical Procedures for Stage | NSCLC in the Elderly

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Caliendo M, Kopeinig S. Some practical guidance for the implementation
of propensity score matching. J Econ Surv. (2008) 22:31-72.
doi: 10.1111/j.1467-6419.2007.00527.x

Funk MJ, Westreich D, Wiesen C, Stiirmer T, Brookhart MA, Davidian M.
Doubly robust estimation of causal effects. Am J Epidemiol. (2011) 173:761-7.
doi: 10.1093/aje/kwq439

Berry SD, Ngo L, Samelson EJ, Kiel DP. Competing risk of death: an important
consideration in studies of older adults. ] Am Geriatr Soc. (2010) 58:783-7.
doi: 10.1111/j.1532-5415.2010.02767.x

Fine JP, Gray RJ. A proportional hazards model for the subdistribution
of a competing risk. J Am Stat Assoc. (1999) 94:496-509.
doi: 10.1080/01621459.1999.10474144

Mery CM, Pappas AN, Bueno R, Colson YL, Linden P, Sugarbaker
DJ, et al. Similar long-term survival of elderly patients with non-small
cell lung cancer treated with lobectomy or wedge resection within the
surveillance, epidemiology, and end results database. Chest. (2005) 128:237-
45. doi: 10.1378/chest.128.1.237

Ueda K, Hayashi M, Tanaka N, Tanaka T, Hamano K. Long-term pulmonary
function after major lung resection. Gen Thorac Cardiovasc Surg. (2014)
62:24-30. doi: 10.1007/s11748-013-0346-x

Tsutani Y, Tsubokawa N, Ito M, Misumi K, Hanaki H, Miyata Y, et al.
Postoperative complications and prognosis after lobar resection versus
sublobar resection in elderly patients with clinical Stage I non-small-cell lung
cancer. Eur ] Cardiothorac Surg. (2018) 53:366-71. doi: 10.1093/ejcts/ezx296
Gonzalez-Aragoneses F, Moreno-Mata N, Simon-Adiego C, Penalver-Pascual
R, Gonzalez-Casaurran G, Perea LA. Lung cancer surgery in the elderly. Crit
Rev Oncol Hematol. (2009) 71:266-71. doi: 10.1016/j.critrevonc.2008.09.010
Liu T, Liu H, Li Y. Early lung cancer in the elderly: sublobar resection provides
equivalent long-term survival in comparison with lobectomy. Contemp Oncol.
(2014) 18:111-5. doi: 10.5114/w0.2014.42726

Fiorelli A, Caronia FP, Daddi N, Loizzi D, Ampollini L, Ardo N, et al.
Sublobar resection versus lobectomy for stage I non-small cell lung cancer:
an appropriate choice in elderly patients? Surg Today. (2016) 46:1370-82.
doi: 10.1007/s00595-016-1314-8

Razi SS, John MM, Sainathan S, Stavropoulos C. Sublobar resection is
equivalent to lobectomy for Tla non-small cell lung cancer in the elderly:
a surveillance, epidemiology, and end results database analysis. ] Surg Res.
(2016) 200:683-9. doi: 10.1016/j.js5.2015.08.045

Goldstraw P, Chansky K, Crowley J, Rami-Porta R, Asamura H,
Eberhardt WE, et al. The IASLC lung cancer staging project:
proposals for revision of the TNM stage groupings in the
forthcoming (eighth) edition of the TNM classification for lung
cancer. ]| Thorac Oncol. (2016) 11:39-51. doi: 10.1016/j.jtho.2015.
09.009

35. Sigurdson ER. Lymph node dissection: is it diagnostic or therapeutic? J Clin
Oncol. (2003) 21:965-7. doi: 10.1200/JCO.2003.11.944

36. Stiles BM, Servais EL, Lee PC, Port JL, Paul S, Altorki NK. Point: Clinical
stage IA non-small cell lung cancer determined by computed tomography and
positron emission tomography is frequently not pathologic IA non-small cell
lung cancer: the problem of understaging. | Thorac Cardiovasc Surg. (2009)
137:13-9. doi: 10.1016/j.jtcvs.2008.09.045

37. Boffa DJ, Kosinski AS, Paul S, Mitchell JD, Onaitis M. Lymph node
evaluation by open or video-assisted approaches in 11,500 anatomic lung
cancer resections. Ann Thorac Surg. (2012) 94:347-53; discussion 353.
doi: 10.1016/j.athoracsur.2012.04.059

38. Deng HY, Zhou J, Wang RL, Jiang R, Qiu XM, Zhu DX, et al. Age-different
extent of resection for clinical IA non-small cell lung cancer: analysis of nodal
metastasis. Sci Rep. (2020) 10:9587. doi: 10.1038/s41598-020-66509-5

39. Smith CB, Swanson SJ, Mhango G, Wisnivesky JP. Survival after
segmentectomy and wedge resection in stage I non-small-cell lung cancer. J
Thorac Oncol. (2013) 8:73-8. doi: 10.1097/JTO.0b013e31827451c4

40. Koike T, Koike T, Yoshiya K, Tsuchida M, Toyabe S. Risk factor analysis of
locoregional recurrence after sublobar resection in patients with clinical stage
TA non-small cell lung cancer. ] Thorac Cardiovasc Surg. (2013) 146:372-8.
doi: 10.1016/j.jtcvs.2013.02.057

41. Sienel W, Dango S, Kirschbaum A, Cucuruz B, Hérth W, Stremmel C, et al.
Sublobar resections in stage IA non-small cell lung cancer: segmentectomies
result in significantly better cancer-related survival than wedge resections. Eur
J Cardiothorac Surg. (2008) 33:728-34. doi: 10.1016/j.ejcts.2007.12.048

42. Tsutani Y, Miyata Y, Nakayama H, Okumura S, Adachi S, Yoshimura M, et al.
Appropriate sublobar resection choice for ground glass opacity-dominant
clinical stage IA lung adenocarcinoma: wedge resection or segmentectomy.
Chest. (2014) 145:66-71. doi: 10.1378/chest.13-1094

43. Zhang Y, Sun Y, Chen H. A propensity score matching analysis of survival
following segmentectomy or wedge resection in early-stage lung invasive
adenocarcinoma or squamous cell carcinoma. Oncotarget. (2016) 7:13880-5.
doi: 10.18632/oncotarget.7284

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Zhang, Lin and Li. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Surgery | www.frontiersin.org

11

April 2021 | Volume 8 | Article 652770


https://doi.org/10.1111/j.1467-6419.2007.00527.x
https://doi.org/10.1093/aje/kwq439
https://doi.org/10.1111/j.1532-5415.2010.02767.x
https://doi.org/10.1080/01621459.1999.10474144
https://doi.org/10.1378/chest.128.1.237
https://doi.org/10.1007/s11748-013-0346-x
https://doi.org/10.1093/ejcts/ezx296
https://doi.org/10.1016/j.critrevonc.2008.09.010
https://doi.org/10.5114/wo.2014.42726
https://doi.org/10.1007/s00595-016-1314-8
https://doi.org/10.1016/j.jss.2015.08.045
https://doi.org/10.1016/j.jtho.2015.09.009
https://doi.org/10.1200/JCO.2003.11.944
https://doi.org/10.1016/j.jtcvs.2008.09.045
https://doi.org/10.1016/j.athoracsur.2012.04.059
https://doi.org/10.1038/s41598-020-66509-5
https://doi.org/10.1097/JTO.0b013e31827451c4
https://doi.org/10.1016/j.jtcvs.2013.02.057
https://doi.org/10.1016/j.ejcts.2007.12.048
https://doi.org/10.1378/chest.13-1094
https://doi.org/10.18632/oncotarget.7284
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles

