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THORACIC: THORACIC SURGERY: YEAR IN REVIEW
Ayear in general thoracic surgery published in the Journal
of Thoracic and Cardiovascular Surgery: 2020
Michael Lanuti, MD,a Jules Lin, MD,b Thomas Ng, MD,c and Bryan M. Burt, MDd
2020 illustrated: Highlights in general thoracic sur-
gery included in the Journal.

CENTRAL MESSAGE

During 2020, thoracic surgeons
confronted the COVID-19
pandemic head-on while
continuing to advance the field
of general thoracic surgery.
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The challenges and uncertainties of the year 2020 touched
humanity. The entire field of medicine paused, united, and
confronted a contagion that has redesigned our professional
practices and our lives. This was a time when many surgical
specialties stopped operating altogether to redirect re-
sources to the many patients with severe acute respiratory
syndrome coronavirus 2, the virus that causes coronavirus
disease 2019 (COVID-19). A tireless troop of caregivers,
technicians, and innovators, general thoracic surgeons stood
on the front line of COVID-19 and cared for the sickest of
patients, implementing life-saving and life-sustaining ther-
apies, including extracorporeal membrane oxygenation
(ECMO) and tracheostomy. At the same time, we scientifi-
cally evaluated the risks of transmission of this virus to our
cancer patients and other patients who needed surgical ther-
apies that could not be safely delayed,1 and wrote the book
on how surgery in these patients should be appropriately
handled.2 The Journal of Thoracic and Cardiovascular
Surgery (Journal) showcased these and our other contribu-
tions to the pandemic during 2020. Perhaps even more
notable, is the surgical innovation and advancement of
our field that persisted during 2020, despite these chal-
lenges. Many of these advances were published in the
Journal and are highlighted in the following sections.
LUNG
Lung Cancer: Technique

Several advancements in minimally invasive lung resec-
tion can be found in the 2020 volumes of the Journal. Pub-
lished in the Journal was a prospective multicenter clinical
trial by Liberman and colleagues3 that demonstrated safety
in dividing pulmonary artery branches �7 mm during lo-
bectomy. Remarkably there were only 3 of 239 vessel sealer
failures and only 1 conversion to thoracotomy.3 A strategy
only once imagined, this article and its accompanying video
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highlight how rigorous surgical investigation can safely
usher new surgical technique into practice. Also published
in 2020 was an important proceeding by Qiu and col-
leagues4 showcasing the evolution of minimally invasive
surgery for complex and extended lung resections. The au-
thors presented a propensity-matched analysis of 188 sleeve
lobectomies performed robotically, thoracoscopically, or by
thoracotomy.4 No difference in 90-day morbidity or mortal-
ity was shown among the 3 groups, with no conversions to
thoracotomy in the minimally invasive groups. The robotic
technique was associated with decreased blood loss, shorter
operative time, and earlier chest tube removal.4

Comparative efficacy of stereotactic body radiotherapy
(SBRT) and surgery in the treatment of patients with non–
small cell lung cancer (NSCLC) remains a highly visible
and opinionated theme in the field of thoracic oncology.
Until publication of the forthcoming results of modern ran-
domized comparisons of lobectomy with sublobar resection
for NSCLC, lobectomy is considered by most to be the gold
standard treatment for early-stage NSCLC and is often
the operation compared against SBRT. During 2020, the
Journal published a rigorous national cancer database
(NCDB) study byWu and colleagues5 that compared the re-
sults of SBRT and other locally invasive ablative strategies
rdiovascular Surgery c Volume 162, Number 1 253
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(eg, thermal ablation) with those of sublobar resection
for patients with clinical stage T1 to T2a N0 NSCLC.
Propensity-matched analyses demonstrated longer overall
survival by sublobar resection that persisted in patients
with tumors �2 cm.5 This study included a large sample
size, and its data were informative; however, it investigated
a 10-year period (2004-2014) that was relatively early in the
evolution of ablative technologies.

Immunotherapy, Targeted Molecular, and Adjuvant
Therapy

The field of thoracic oncology has perhaps never been
more exciting. Immune checkpoint inhibitors have become
standard of care first-line therapy for most patients with
metastatic NSCLC and are being rapidly tested in clinical
trials for the treatment of early-stage NSCLC in combina-
tion with surgery. Several important gaps in the field of im-
mune checkpoint inhibitors therapy for NSCLC were
addressed in 2020 in the Journal, including the manage-
ment of immune-related adverse events in our surgical pop-
ulations by Stiles and colleagues6 and using transcriptomic
signatures to stratify tumors into immunogenic or immune-
resistant subtypes to potentially explain the variable
response to PD-1 blockade in NSCLC by Jang and
colleagues.7

Molecular targeted therapy has revolutionized the
treatment of patients with metastatic NSCLC and is
first-line therapy for patients with stage IV disease who
have targetable mutations in oncogenes such as the
epidermal growth factor receptor. The multinational ran-
domized Adjuvant Aura (ADAURA) trial was published
toward the close of 2020 and already deeply influences
the care of patients with surgically resectable epidermal
growth factor receptor-mutated lung adenocarcinomas.
The primary end point of the trial was disease-free sur-
vival for patients with stage II to IIIA disease receiving
adjuvant osimertinib. Hazard ratios (0.17-0.39) were
among the lowest ever published for a lung cancer adju-
vant treatment, and a strong signal was also shown for
patients with stage IB disease.8 These exciting data are
enhancing the depth of collaboration between medical
and surgical thoracic oncology and are actively
improving the care of patients with surgically resectable
lung adenocarcinomas, particularly in the neoadjuvant
space.

Traditional adjuvant therapies remain important in the
treatment of patients with surgically resectable NSCLC and
several notable studies were published in the Journal during
2020. A large NCDB investigation of node-negative large
cell neuroendocrine lung cancers (n ¼ 1770) by Wakeam
and colleagues9 demonstrated that chemotherapy in the adju-
vant setting was associated with improved overall survival in
patients whose tumors were>3 cm in size, that lobectomy
was superior to sublobar resection, and that adjuvant
254 The Journal of Thoracic and Cardiovascular Surg
radiotherapy did not influence survival. Adjuvant therapy
for incompletely resected (Rþ) stage I through IIIA NSCLC
was tackled in another large NCDB study by Edwards and
colleagues.10 The authors showed that NSCLC patients
with indeterminate margins (defined as margin-positive
resection) who were treated with adjuvant chemotherapy or
radiation did not experience a survival benefit compared
with those who did not have adjuvant therapy.10 These data
are expected to inform the R classification in the next staging
proposal by the International Association for the Study of
Lung Cancer.11

Biology
In the current era, it is surprising that we are still faced

with uncertainty in whether 2 NSCLCs in the same patient
represent stage I or stage IV (separate primaries vs metasta-
tic disease). In a study of multifocal NSCLCs published this
year in the Journal, Zheng and colleagues12 used next gen-
eration DNA sequencing of NSCLC tumors with similar
histology and were able to improve the distinction between
synchronous primary lung cancers and intrapulmonary met-
astatic disease. We submit that this approach presages the
solution to this unsolved problem in thoracic oncology.
Pani and colleagues13 investigated the biology of small
(�2 cm) NSCLC tumors in 555 patients undergoing sur-
gery. Although tumors �1 cm were less likely to have
lymph node metastases compared with 1.1- to 2-cm tumors
(6.8% vs 13.3%), the authors demonstrated no correlation
to tumor histology (except for the micropapillary subtype of
adenocarcinoma) and highlighted the timeless lesson of
thorough nodal dissection during lung cancer resection.13

ESOPHAGUS
Excitement in endoscopic resection (ER) for esophageal

cancer has maintained momentum into and throughout
2020, and the National Comprehensive Cancer Network
recommends ER as the preferred treatment for medically
fit patients with T1a esophageal adenocarcinoma or squa-
mous cell carcinoma.14 Considering the magnitude of
esophagectomy, this recommendation might seem appro-
priate for elderly patients; however, its application to
younger patients must take into account the likelihood of
cure by each approach. During 2020, in the Journal, Raman
and colleagues15 applied multivariable Cox and propensity
score matching to a cohort of 831 patients with clinical T1a
esophageal cancer and demonstrated that overall survival
was similar between ER and esophagectomy, regardless
of age. These data provide strong evidence in support of
current National Comprehensive Cancer Network guide-
lines recommending ER as the preferred treatment for all
patients with T1a esophageal cancer. Nobel and16 col-
leagues provided other eye-opening data on the relationship
between age and esophageal cancer in the 2020 issues of the
Journal. The authors evaluated more than 100,000 patients
ery c July 2021
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with esophageal adenocarcinoma within the NCDB and
showed that the frequency of metastatic disease at the
time of diagnosis was highest in the youngest age group, ir-
respective of tumor grade.16 Without the need for sophisti-
cated statistical analysis, this simple population study
should raise awareness and promote a more aggressive clin-
ical evaluation in younger patients with or at high-risk of
developing esophageal adenocarcinoma.

The benefits of immunotherapy are now being realized
for patients with esophageal cancer, and during 2020, the re-
sults of Randomized Trial of Adjuvant Nivolumab in Re-
sected Esophageal or Gastroesophageal Junction Cancer
(CheckMate 577) were presented at the European Society
of Medical Oncology Virtual Congress. CheckMate 577
randomized 794 patients to receive nivolumab versus pla-
cebo after trimodality (ie, chemotherapy/radiation followed
by surgery) therapy for esophageal adenocarcinoma or
squamous cell carcinoma and reported a doubling of me-
dian disease-free survival, corresponding to a 31% risk
reduction in recurrence or death, in favor of nivolumab.17

Continued advancement in checkpoint blockade for esoph-
ageal cancer is expected during 2021.

TRANSPLANT
The number of lung transplants performed in the United

States has increased on an annual basis and reached an all-
time high of 2759 transplants during 2019. The field has
experienced a 62% increase in lung donors over the past
decade, along with a concomitant decrease in wait list mor-
tality and incremental improvements in posttransplant
survival.18

Ex-Vivo Lung Perfusion
During 2020, the Journal published a series of investiga-

tions that could ultimately expand the available pool of
donor lungs, using ex-vivo lung perfusion (EVLP). Tian
and colleagues19 reported a meta-analysis of 8 studies
totaling 1191 patients evaluating outcomes of EVLP on
marginal donor lungs. Although EVLP donors had more
abnormal radiographs, worse donor arterial oxygen ten-
sion/inspired oxygen fraction, and a longer smoking history,
there were no significant differences between EVLP and
non-EVLP donor lungs in outcomes that included grade
3 primary graft dysfunction and 1-year survival.19 In
among the largest single-center experiences, Cypel and col-
leagues20 increased their annual lung transplant activity by
70% using EVLP to assess donor lungs. The authors re-
ported a 70% utilization rate, ranging from 63% for high
risk donation after cardiac death to 82% for standard risk
donation after cardiac death with maintenance of excellent
outcomes.20 In addition, techniques and protocols for EVLP
are being continuously and rapidly refined based on new
and exciting data. In a multicenter study of 110 patients,
Leiva-Ju�arez and colleagues21 demonstrated that extended
The Journal of Thoracic and Ca
post-EVLP cold ischemic time (>287 minutes) was associ-
ated with an increased risk of primary graft dysfunction and
1-year mortality. Whereas EVLP has generally been limited
to<24 hours of support, Hozain and colleagues22 reported
preclinical results describing their technique to maintain
extracorporeal donor lungs using cross-circulation for
4 days in a porcine model, which may lead to innovative
strategies to rehabilitate marginal donor lungs.

Extended Criteria Organs
Another strategy to increase the number of available

donor organs is the use of donor lungs from patients with in-
fectious risk factors. In the Journal, Carli and colleagues23

evaluated the influence of the US Public Health Service
2013 broadened definition of increased risk donors on
lung transplant outcomes. Investigating the period from
2006 to 2017, the authors noted that the proportion of
high-risk donors grew from 8% before 2013, to 22% after
2013, with similar graft and patient survival compared with
standard risk infectious donors.23 Following the publication
of a clinical trial in theNewEngland Journal of Medicine on
the use of heart and lung transplants from hepatitis C-in-
fected donors to uninfected recipients,24 an important
invited editorial in the Journal provided expert insight on
a strategy of using hepatitis C-infected donor lungs in com-
bination with antiviral agents to expand the pool of donor
organs.25 This approach has also been supported in a study
that stratified all deceased organ donors from 2015 to 2018
by hepatitis C status using Scientific Registry of Transplant
Recipients data and estimated that transplanting lungs from
hepatitis C positive donors would lead to an increase of at
least 55 donor lungs per year.26

Outcomes and Perioperative Management
In a longitudinal study evaluating outcomes of lung trans-

plantation from 2005 to 2018, Hamilton and colleagues27

showed that survival after lung transplantation in mechani-
cally ventilated patients has improved over time, although
preoperative mechanical ventilation remains an important
risk factor. Ius and colleagues28 evaluated the long-term
outcomes of 311 lung transplant recipients who required in-
traoperative ECMO. Although these patients had a higher
pretransplant risk profile and a more complicated postoper-
ative course, those who survived to hospital discharge had
no difference in 5-year survival or chronic lung allograft
dysfunction.28 Meanwhile, Hoetzenecker and colleagues29

evaluated routine use of intraoperative ECMO in 159 pa-
tients undergoing lung transplantation. They reported grade
3 primary graft dysfunction of only 3% and a 2-year sur-
vival of 86% and advocate for the routine use of intraoper-
ative ECMO.29

To address the problem of postoperative deep venous
thrombosis in lung transplantation, Jorge and colleagues30

evaluated 1141 patients who received prophylactic
rdiovascular Surgery c Volume 162, Number 1 255
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subcutaneous heparin postoperatively and demonstrated a
decline in the rate of deep venous thrombosis from 17.3%
to 8.8% after a universal screening program was imple-
mented. Two publications in the Journal in 2020 evaluated
the association of gastroesophageal reflux and outcomes af-
ter lung transplantation. Davidson and colleagues31 per-
formed a meta-analysis of 6 retrospective studies and
showed that antireflux surgery resulted in a small increase
in forced expiratory volume in 1 second (FEV1) in lung
transplant patients, but a large effect of antireflux surgery
on the rate of FEV1 change, suggesting meaningful benefit
of antireflux surgery in patients with a declining FEV1.30

Meanwhile, esophageal aperistalsis is believed to increase
the risk of allograft dysfunction due to reflux and aspiration
from poor esophageal clearance. In their evaluation of 31
patients undergoing lung transplantation who have esopha-
geal aperistalsis, Masuda and colleagues32 found that 1-, 3-,
and 5-year survival was worse in patients with aperistalsis
and that the 19 patients with improvement in esophageal
motility on manometry posttransplant had a similar survival
to the control group. This series of articles are expected to
inform the refinement of perioperative protocols for patients
undergoing lung transplantation.

PLEURA
Malignant pleural mesothelioma (MPM) has largely de-

feated traditional systemic therapies; however, in early
2021, results of the CheckMate 743 trial were published
in the Lancet,33 and might improve outcomes of first-line
therapy for individuals with MPM. This randomized, phase
3 trial demonstrated improved overall survival of first-line
combination immunotherapy (nivolumab plus ipilimumab)
compared with standard platinum plus pemetrexed chemo-
therapy for patients with unresectable, previously untreated
mesothelioma. In a relevant study published in the Journal,
DePerrot and colleagues34 showed importance of the tumor
immunemicroenvironment ofMPM, particularly of its CD8
T-cell compartment, in response to hypofractionated hemi-
thoracic radiation before surgery. Similar to the personal-
ized strategies that benefit patients with NSCLC, targeted
molecular therapy holds promise in MPM but first requires
a thorough understanding of its tumor genomics. The mo-
lecular landscape of this unique tumor has been unraveled
over the past several years and is featured in an invited
article by Bueno and colleagues35 this year in the Journal.

MEDIASTINUM
In a national analysis, Yang and colleagues36 demon-

strated shorter length of stay following minimally invasive
thymectomy for stage I through III thymoma, compared
with open thymectomy, without increased rates of margin
positivity, perioperative morbidity, or decreases in overall
survival. Kim and colleagues37 performed a useful
256 The Journal of Thoracic and Cardiovascular Surg
systematic analysis of the paraneoplastic syndromes associ-
ated with thymoma and showed that a multimodal treatment
approach that includes resection is able to achieve remis-
sion of the paraneoplastic syndrome in the majority
(76%) of patients, which is associated with improved over-
all survival.
TRACHEA
During 2020 in the Journal, an important, humbling

report in the field of tracheal replacement was published.
In this proceeding, the authors analyzed 3 patients who
received synthetic tracheal grafts seeded with autologous
bone marrow mononuclear cells and showed that these
grafts did not become living functional grafts and lead to
debilitating complications and death.38 The publication of
these sobering data are considered an important milestone
in recalibrating investigational approaches to tracheal
replacement in humans.
CONCLUSIONS
Despite the exceptional challenges and uncertainties that

we, our patients, and our families have faced this past year
from the global COVID-19 pandemic, thoracic surgeons
have continued to provide essential care to our patients,
including those with lung and esophageal cancer and end-
stage lung disease. Our specialty not only continues to
thrive, but driven by surgeon innovators, educators, and re-
searchers, our persistence has continued to drive the
advancement of our field during 2020.
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