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Abstract: Pneumonectomy is an entire lung removal and is indicated for both malignant and be-
nign diseases. Due to its invasiveness and postoperative complications, pneumonectomy is still
associated with high mortality and morbidity. Appropriate postoperative management is crucial
in pneumonectomy patients to improve quality of life and overall survival rates. Diverse drug
regimens are under development to be used in adjuvant chemotherapy or to improve respiratory
health after a pneumonectomy. The most common causes for a pneumonectomy are non-small cell
lung cancer, malignant pleural mesothelioma, and tuberculosis; thus, an appropriate drug regimen is
necessary. The uncommon incidence of pneumonectomy cases remains the major obstacle in studies
of postoperative drug regimens. As the majority of current studies include post-lobectomy and
post-segmentectomy patients, it is highly recommended that further research of postoperative drug
regimens be focused on post-pneumonectomy patients.
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1. Introduction

Pneumonectomy is a surgical treatment wherein the entire lung of a patient is removed.
Although an uncommon procedure, in advanced cases of cancer as well as in chronic lung
infection, it may become necessary. More preferable to pneumonectomies are lobectomies
and segmentectomies due to lower peri- and postoperative risks. For pneumonectomy
patients, the rate of postoperative complications is approximately 30–40% [1–3]. The 30-day
postoperative mortality rate is ≈5% for non-small cell lung cancer (NSCLC) patients, with a
5-year survival rate of only 38% [4]. It has been reported that the mortality rate increases
for patients who undergo a right- vs. left-sided pneumonectomy. Although the difference
in overall 5-year survival between the two is not statistically significant [5], right-sided
pneumonectomies are well known as a predictor of higher 30- and 90-day mortality [1,5].
The major cause of increased mortality after right-sided pneumonectomy has not been fully
determined; however, several studies have implied that the development of bronchopleural
fistula could be a significant factor for the high mortality rate. Due to anatomical differences,
right-sided pneumonectomy is more likely to require extensive resections [6]. A retro-
spective study illustrates that this possibly increases the risk of bronchopleural fistulas [6].
Right-sided pneumonectomy is also related to the increased risk of postpneumonectomy
syndrome [7,8]. Although postpneumonectomy syndrome is rare, it can be fatal, and it is
associated with other complications and severely diminished pulmonary functions [8,9].

While the majority of pneumonectomies are indicated for malignant diseases, benign
indications still account for ≈6% of pneumonectomy cases [3]. Pneumonectomy for benign
diseases is well known as a risk factor for increasing morbidity and mortality. According
to a nationwide study, the rate of postoperative complications is higher in benign vs. ma-
lignant patients (53% vs. 39%) [3]. In addition, the postoperative in-hospital mortality rate
for benign diseases is approximately four times higher than that of malignant diseases [3].
With regard to specific indications, infection is the most frequent cause of pneumonectomy
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for benign diseases, with tuberculosis patients accounting for more than 15% of them [3].
Patients with tuberculosis may undergo a pneumonectomy for either drug-resistant tu-
berculosis or a tuberculosis-destroyed lung. It has been reported that after pulmonary
resection, patients infected with drug-resistant tuberculosis can achieve higher than 90%
of cure rate in combination therapy [10,11]. For patients with a tuberculosis-destroyed
lung, pneumonectomy is a very effective treatment for the sequelae of pulmonary tuber-
culosis, resulting in a 5-year survival rate of 89–97% [12,13]. Unlike infectious diseases,
pneumonectomy for trauma is extremely rare and generally not recommended [14,15]. As
a result of its very high postoperative mortality, trauma pneumonectomy is avoided unless
pulmonary hilar vascular, massive parenchymal destruction, or extensive bronchial injury
are presented [16,17].

Regardless of indications, pneumonectomy can achieve a high cure rate and low risk of
recurrence. However, pneumonectomy is still associated with high postoperative complica-
tion rates and severe impairment in respiratory functions. Therefore, post-pneumonectomy
patients require several follow-ups and early detection of complications to prevent postop-
erative mortality. Considering the high risks after a pneumonectomy appropriate patient
selection and postoperative management are crucial to improve overall quality of life.

The incidence of pneumonectomy has been decreasing as more parenchymal sparing
surgeries have been introduced. Sleeve lobectomy has been proposed as an effective alter-
native for pneumonectomy. Sleeve lobectomy can significantly improve long-term survival
of NSCLC patients without increasing the recurrence rate [18]. However, if mediastinal
lymph nodes are present, pneumonectomy may be preferable to sleeve lobectomy due
to the lower risk of recurrence [19]. Although pneumonectomy still accounts for ≈8% of
major lung resections [20], only a few studies exclusively focus on post-pneumonectomy
patients. Post-pneumonectomy patients have severely diminished pulmonary function,
which should be taken into consideration in postoperative management. The current study
was conducted to provide an overview regarding appropriate postoperative management
for post-pneumonectomy patients and to illustrate the limitations of recent studies. The
literature search was based on PubMed and SciFinder listings up to 22 February 2021, focus-
ing on manuscripts related to pneumonectomy that was indicated for NSCLC, malignant
pleural mesothelioma, and tuberculosis.

2. Drug Regimen after a Pneumonectomy
2.1. Non-Small Cell Lung Cancer

Lung cancer is a leading cause of death in the United States. Based on statistics from
the American Cancer Society, it is estimated that more than 200,000 new patients in the
United States will be diagnosed with lung cancer in 2020 [21]. Among lung cancer patients,
NSCLC is the most common, accounting for 80–85% of all lung cancer diagnoses. NSCLC is
also the major indication of pneumonectomy when other lung cancer surgeries are not feasi-
ble. It is well known that pneumonectomy is an effective surgical option especially in patients
with stage II-IIIA NSCLC. For stage I patients, it is controversial whether pneumonectomy
should be indicated at this early stage; however, aggressive surgery, such as pneumonectomy,
may be recommended in cases where cancerous cells invade the peri-bronchial lymphatic
net. After a pneumonectomy, NSCLC patients have severely diminished lung function with
a 30-day postoperative mortality rate of 4.0–6.5% [2,22]. Postoperative quality of life is even
lower in female patients and after right-sided pneumonectomy [23]. The prevention of respi-
ratory failure is as important as reducing the risk of cancer recurrence. Therefore, pulmonary
conditions of individual patients should be taken into consideration before any decisions
are made for adjuvant chemotherapy. Current guidelines from the American Society of
Clinical Oncology (ASCO) recommend adjuvant chemotherapy in stage IIA-IIIA patients
with NSCLC after complete surgical resections [24]. Although there have been several
randomized controlled trials [25,26] and retrospective studies [27–29] that support adjuvant
chemotherapy in stage IB, a recent meta-analysis demonstrated that adjuvant chemotherapy
did not significantly improve 5-year overall survival and disease-free survival [30]. Addition-
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ally, there was no sufficient evidence to associate adjuvant chemotherapy in stage IB with a
lower risk of recurrence [30]. The efficacy of adjuvant chemotherapy on patients with stage
IA is uncertain as well, and based on ASCO guidelines, cisplatin-based chemotherapy is
not recommended for these patients [24]. With appropriate patient selection and treatments,
adjuvant chemotherapy can result in an increased improvement in the 5-year survival rate
of up to 4% [31]. To maximize benefits, physical assessments and communication between
patients and health professionals are highly recommended before adjuvant chemotherapy.

In terms of drug regimens, there are a variety of chemotherapeutic agents available
depending on countries and institutions. In general, platinum-based drug regimens, mainly
cisplatin plus vinorelbine, are administered on days 1, 8, and/or 15 every 3 or 4 weeks in an
adjuvant setting. Recently, a study combining two meta-analyses reported that there was
no significant difference between various chemotherapy regimens [31]. The study implied
that platinum-based regimens have the same effect as tegafur-based regimens. However,
tegafur-based regimens were mainly administered to Asian populations, whereas platinum-
based drug regimens were administered to non-Asian populations [31]. With regard to
age, older adult patients are more likely to receive carboplatin-based regimens, especially
with paclitaxel [32]. Although there is no absolute superiority between carboplatin and
cisplatin, the former is generally more tolerated [32]. It is important to note that older
patients benefit from adjuvant chemotherapy as much as younger patients [32]. In terms
of increased overall survival and post-operative complications, no significant differences
between younger and older adult groups have been seen [32]. This corresponds to a recent
study that illustrated that age is not a prognostic factor of adjuvant chemotherapy for
NSCLC [33]. Considering that post-pneumonectomy patients have diminished respiratory
health and tolerance, these patients may also benefit more from carboplatin than older
adult patients do. Appropriate drug regimens should be determined after the evaluation
of all the significant factors that may affect post-pneumonectomy patients.

Since pneumonectomy is a relatively uncommon procedure, the majority of stud-
ies include lobectomy and segmentectomy patients. Due to the lack of data, the effi-
cacy of adjuvant chemotherapy for post-pneumonectomy patients may be overestimated.
A recent study illustrated the efficacy of adjuvant chemotherapy exclusively in post-
pneumonectomy patients with NSCLC [34]. In the study, three different carboplatin-based
drug regimens were administered in three or four cycles: 135–175 mg/m2 taxol on day 1;
25 mg/m2 navelbine on days 1 and 8; or 1250 mg/m2 gemcitabine on days 1 and 8 [34].
Adjuvant chemotherapy significantly increased overall survival when patients underwent
a left-sided pneumonectomy (p = 0.001; Figure 1A) or had preoperative FEV1 of equal
or higher than 21 (p = 0.001; Figure 1C) [34]. Considering that adjuvant chemotherapy
can further aggravate pulmonary function, it is reasonable that patients who underwent
a right-sided pneumonectomy or who had low FEV1 did not show significant positive
outcomes [34]. While age was not a significant factor, patients’ respiratory functions played
an important role in determining the outcome of adjuvant chemotherapy [34]. Although
the retrospective study failed to focus on the effect of individual drug regimens, it is note-
worthy that it only included post-pneumonectomy NSCLC patients unlike other previous
studies that also examined post-lobectomy and post-segmentectomy patients.
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Figure 1. The outcomes of adjuvant chemotherapy in non-small cell lung cancer (NSCLC) patients depending on pneu-
monectomy sites and preoperative pulmonary function are shown in Kaplan–Meier actuarial overall survival. (A) Patients
after a left-sided pneumonectomy and adjuvant chemotherapy vs. pneumonectomy only. (B) Patients after a right-sided
pneumonectomy and adjuvant chemotherapy vs. pneumonectomy only. (C) Patients with preoperative FEV1 ≥21 in
adjuvant chemotherapy vs. pneumonectomy only. (D) Patients with preoperative FEV1 < 21 in adjuvant chemotherapy vs.
pneumonectomy only. Adapted from [34]. Copyright 2012 Spandidos Publications.

Although adjuvant chemotherapy has proved beneficial, current chemotherapy reg-
imens are still associated with high toxicity. Therefore, several feasibility tests and ran-
domized controlled trials are underway to determine better chemotherapy regimens with
reduced toxicity. For current platinum-based regimens, biweekly administration (cisplatin
50 mg/m2 and vinorelbine 25 mg/m2, days 1 and 15, every 4 weeks) or split-dose drug
regimen (cisplatin 40 mg/m2 and vinorelbine 25 mg/m2, days 1 and 8, every 3 weeks) were
found to be promising [35,36]. However, these attempts to improve standard platinum-
based regimens have limitations, and more research has been focusing on other drug
regimens, such as epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-
TKI) [37]. Although the efficacy of EGFR-TKI in advanced NSCLC has been demonstrated,
their benefits in the adjuvant setting remain controversial. Previously, an international
randomized study failed to show significant improvement in disease-free days among
patients with EGFR-expressing stage IB-IIIA NSCLC [38]. However, erlotinib successfully
showed improved outcomes in the subgroup of patients with EGFR mutation [38]. An-
other randomized trial in China demonstrated that gefitinib was superior to vinorelbine
plus cisplatin for stage II-IIIA (N1-N2) EGFR-mutated NSCLC patients [39]. In the study,
patients with the complete resection of NSCLC achieved reduced toxicity and increased
disease-free days after taking gefitinib verses vinorelbine plus cisplatin [39]. Even though
some previous studies have insisted that EGFR-TKI should not be used in the adjuvant set-
ting, a recent meta-analysis further assessed the efficacy of adjuvant EGFR-TKI in patients
with EGFR-mutated NSCLC [40]. Based on this meta-analysis, postoperative adjuvant
EGFR-TKI treatments have a potential to significantly improve disease-free survival and
overall survival in patients with stage II-IIIA EGFR-mutated NSCLC [40]. Although the
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meta-analysis stated that it is uncertain if EGFR-TKI would be beneficial to patients with
stage I NSCLC [40], a recent randomized controlled trial in patients with stage IB to IIIA
EGFR-mutated NSCLC reported a significantly longer disease-free survival at 24 months
among patients who received osimertinib vs. placebo (89% vs. 52%) [41]. In patients with
stage II to IIIA EGFR-mutated NSCLC, the disease-free survival at 24 months was 90% and
44%, respectively [41]. However, without any consideration of EGFR mutation, adjuvant
EGFR-TKI did not improve overall survival in general patients with NSCLC [42].

In recent years, immunotherapy has emerged as a promising treatment option in an
adjuvant setting for advanced NSCLC patients. Previously, several anti-programmed cell
death protein 1 (PD-1) and anti-programmed cell death ligand 1 (PD-L1) antibodies have
been approved to be used in patients with NSCLC as monotherapies or in combination
with platinum-based chemotherapy. In stage IV NSCLC, pembrolizumab monotherapy and
pembrolizumab or atezolizumab in combination with chemotherapy are now the standard
first-line therapies. While more clinical trials have evaluated the use of immunotherapy in a
neoadjuvant setting rather than adjuvant setting [43], there are some ongoing clinical trials
to assess the safety and efficacy of PD-1 and PD-L1 antibodies after lung resection, including
atezolizumab (NCT02486718), durvalumab (NCT02273375), nivolumab (NCT02595944),
and pembrolizumab (NCT02504372). In various clinical trials, combination therapies with
other chemotherapy or radiotherapy are also being evaluated. Although none of them
exclusively focused on post-pneumonectomy patients, some trials, including the study of
pembrolizumab (NCT02504372), are planned to include post-pneumonectomy patients.
Depending on the study population, further research may be needed due to the limited
tolerance in post-pneumonectomy patients before assessing generalizability. In terms of
toxicity, it has been reported that PD-1 or PD-L1 antibodies are associated with lower risk of
grade 3–5 adverse events compared to chemotherapy (OR 0.45; 95% CI: 0.38–0.54 for PD-1,
HR 0.54; 95% CI: 0.40–0.72 for PD-L1) [44]. When combined with chemotherapy, PD-1
antibodies showed less frequent grade 3–5 adverse events than PD-L1 antibodies (p = 0.0302)
although there was no statistically significant difference as monotherapies [44]. While more
studies are needed to determine the optimal drug regimen of immunotherapeutic agents
with or without chemotherapy or radiotherapy, PD-1 antibodies may be a better treatment
option to be incorporated into post-pneumonectomy management.

In addition to adjuvant chemotherapy, postoperative radiotherapy is another treat-
ment option for patients with NSCLC. This has shown benefits in overall survival, espe-
cially for patients with IIIA-N2 NSCLC [45,46]. Among patients with stage II-IIIA NSCLC,
patients with N2 nodal status showed significantly higher 5-year overall survival when re-
ceived postoperative radiotherapy vs. patients who did not receive it (34.1% vs. 27.8%) [46].
The 5-year overall survival was also higher when patients received radiotherapy in addi-
tion to chemotherapy compared to when chemotherapy or radiotherapy were given alone
(36.7 vs. 33.6 vs. 23.9, respectively) [46]. Radiation dose is another important factor in
determining benefits for patients with N2 nodal status. According to the study, 45–54 Gy
had the best outcome in 5-year overall survival (41% for 45–54 Gy; 33% for 54–60 Gy; 27%
for greater than 60 Gy) [47]. In addition, it was reported that female patients under the age
of 60 benefited more from postoperative radiotherapy [47]. However, unlike N2 NSCLC
patients, those with N0 or N1 showed a statistically significant reduction in 5-year overall
survival after postoperative radiotherapy (10.3% and 4.6%, respectively) [47]. Therefore,
appropriate patient selection and radiation dose are crucial to maximize the benefits.

Although there is sufficient evidence to support postoperative radiotherapy for pa-
tients with N2 NSCLC, the aforementioned studies included a large number of post-
lobectomy patients in their experiments. Recently, several studies have been conducted
to evaluate the safety and efficacy of postoperative radiotherapy specifically in post-
pneumonectomy patients with N2 NSCLC. A recent retrospective study illustrated that
adjuvant chemotherapy with postoperative radiotherapy could significantly increase over-
all survival, disease-free survival, local recurrence-free survival, and distant metastasis-free
survival compared to adjuvant chemotherapy alone [48]. In addition, postoperative radio-
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therapy is a valuable treatment option for post-pneumonectomy patients who experience
cancer recurrence. In cases of isolated contralateral central intrapulmonary or mediasti-
nal relapse, surgical treatments are generally considered as a prohibitive risk in post-
pneumonectomy patients. For preoperative stage IIB-IIIB patients, an intensive salvage
chemoradiotherapy regimen (30 mg/m2 cisplatin weekly and 60 Gy accelerated radiother-
apy) was found to be effective [49]. With or without chemotherapy, post-pneumonectomy
patients who received radiotherapy for relapse are associated with substantially lower 90-
day mortality compared to patients who did not receive radiotherapy (4.9% vs. 31.9%) [50].
While radiotherapy may be considered a valuable alternative to surgical treatment or
adjuvant chemotherapy, radiation toxicity should be taken into consideration. To minimize
toxicity, a growing number of studies support the use of stereotactic body radiotherapy
over conventional or hypofractionated radiotherapy [51–53]. Although it is still possible
that stereotactic body radiotherapy will further aggravate pulmonary function, the toxicity
is generally acceptable considering its benefit for post-pneumonectomy patients. With care-
ful monitoring, radiotherapy can be beneficial in combination with adjuvant chemotherapy
or as a concurrent chemoradiotherapy for relapse.

2.2. Malignant Pleural Mesothelioma

Malignant pleural mesothelioma (MPM) is a relatively rare but aggressive type of
cancer affecting the lining of the lung. In the United States, approximately 3000 people are
newly diagnosed with mesothelioma each year, with a slightly higher incidence in men [54].
Although the number of new cases has been decreasing, the overall 5-year survival rate of
mesothelioma patients is only 10% [54]. The poor prognosis is mainly due to the difficulty
of diagnosing it in the early stages. In terms of curative treatments, there are two types
of surgery commonly available for MPM patients: pleurectomy/decortication (P/D) and
extrapleural pneumonectomy (EPP). While P/D spares the lung by removing only parietal
and/or visceral pleura, EPP is the resection of the lung, parietal pleura, pericardium,
and diaphragm. It has been reported that EPP is associated with higher perioperative
mortality, lower quality of life, and lower tolerance in adjuvant chemotherapy compared
to P/D [55]. However, the recurrence rate of EPP is two times lower than P/D [55], and
the 5-year survival rate is not significantly different between the two [56]. For many years,
P/D has been conducted in early stages to save the lung. Although EPP has usually
been reserved for advanced stages of MPM, the database from International Association
for the Study of Lung Cancer (IASLC) supports utilizing EPP over P/D in patients with
stage I MPM [57]. Unlike other studies or current clinical practice, the data show that
patients with stage I MPM can benefit more from EPP compared to P/D in terms of overall
survival (40 months vs. 23 months) [57]. Considering that MPM is associated with high
heterogeneity and various mutations, individual preoperative assessment and proper
surgical decision-making are crucial in patients with MPM.

MPM patients often undergo multimodality therapy, which consists of chemotherapy
and/or radiotherapy in combination with surgery [58]. A common curative treatment,
trimodality therapy, involves induction or adjuvant chemotherapy and EPP, followed by
adjuvant radiotherapy. However, the timing of chemotherapy is still controversial, with de-
bates between induction (or neoadjuvant) chemotherapy and adjuvant chemotherapy [58].
A recent systemic review of overall trimodality therapy, including induction/adjuvant
chemotherapy, EPP, and adjuvant radiotherapy, reported a median survival of 12.8–46.9
months [59]. Perioperative morbidity is quite problematic (50–82.6%), with disease-free
survival of 10–16.3 months [59]. For patients who received induction chemotherapy as in
trimodality therapy, the median overall survival was 16.8–25.5 months on intention-to-treat
analysis [59]. Another study involving induction chemotherapy had a 2-year survival
rate of 61.2% after completing the trimodality therapy [60]. For patients who received
adjuvant chemotherapy instead, the median overall survival was 19–24 months, with one
study reporting 46.9 months [59]. Although adjuvant chemotherapy has been used more
commonly in the past, induction chemotherapy plus adjuvant radiotherapy is currently
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preferred, since a high dosage of chemotherapy can be more safely administered before
surgery. Due to the toxicity of chemotherapy, it is relatively difficult to administer chemora-
diotherapy in the adjuvant setting [61]. However, adjuvant chemotherapy can overcome
some disadvantages of induction chemotherapy, such as the difficulty of finding a proper
dissection plane during surgery or the increased risk of residual tumor regrowth [58].
Since there is no single standard multimodality treatment that can be applied for all MPM
patients, treatment options should be determined by considering individual functional
status, pathological stages, the resectability of the tumor, and age [62].

Drug regimens for post-EPP patients have been changed. Previously, platinum-based
regimens, especially with gemcitabine were popular in adjuvant chemotherapy. Cisplatin
(100 mg/m2) on day 15 plus gemcitabine (1000 mg/m2) on days 1, 8, and 15 were commonly
given to MPM patients every 4 weeks [63]. The adjuvant chemotherapy was generally
begun between 4 and 10 weeks after EPP depending on individual recovery and often
suspended due to toxicity [63]. The same drug regime with a different dose and schedule
was also used (cisplatin 75 mg/m2 on day 1 plus gemcitabine 1250 mg/m2 on day 1 and 8,
every three weeks) [64]. Recently, folate analogues were found to have better cytotoxic
activities [65]. Cisplatin with pemetrexed has become a more standard chemotherapy regi-
men in MPM patients [65]. In addition to the cisplatin with pemetrexed, cyanocobalamin
and folic acid may be recommended in MPM patients to prevent pemetrexed-related ad-
verse events [65]. Cyanocobalamin 1000 mg every nine hours with daily folic acid 400 mg
was found to be effective in reducing the risk of nausea, vomiting, fever, mucositis, and
diarrhea in patients who received pemetrexed [65]. In older adult patients with previous
chemotherapy-related toxicity experiences, carboplatin may be administered instead of
cisplatin [65]. Although carboplatin plus pemetrexed is also associated with chemotherapy-
related toxicity, the drug regimen has the potential to improve the overall toxicity profile for
selective patients [65]. However, before any recommendation, individual physical status
should be considered in MPM patients to maximize the benefit of adjuvant chemotherapy.

Although cisplatin with pemetrexed is now well known as the standard chemother-
apy, only a few studies have focused on the efficacy of the drug regimen exclusively in
post-EPP patients. More supportive evidence is available for post-P/D patients and pre-
EPP patients. Among clinical trials for post-EPP patients with adjuvant cisplatin plus
pemetrexed [64,66–68], many patients received 75 mg/m2 cisplatin with 500 mg/m2 peme-
trexed on day 1 every 3 weeks in combination with radiotherapy [64,66]. The toxicity
of this combination therapy was relatively low and well tolerated. Another clinical trial
on post-EPP patients with adjuvant cisplatin plus pemetrexed accounted for 44.6% of
the total population studied [67]. The trial resulted in 3-year locoregional control of 90%
and overall survival of 60% [67]. However, the study was mainly focused on the effect
of adjuvant radiotherapy and failed to show the influence of adjuvant chemotherapy.
In addition, a retrospective study assessed the overall outcomes of adjuvant cisplatin-
based drug combination with or without radiotherapy [68]. Cisplatin, pemetrexed, and
vinorelbine were administered after EPP (15 patients with radiotherapy and 14 patients
without radiotherapy) [68]. The postoperative complication rates were higher when the
adjuvant chemotherapy was administered with radiotherapy compared to the adjuvant
chemotherapy alone (53% vs. 36%) [68]. However, due to the small number of MPM
patients, the study was unable to assess the effect of individual drug regimen [68]. Based
on a systemic review, it was reported that only 751 patients were identified to have adju-
vant chemotherapy after either P/D or EPP among studies published between 2007 and
2015 [58]. No single study has been conducted exclusively focusing on adjuvant cisplatin
plus pemetrexed regimen after EPP. Due to the rare incidence of MPM, there are limitations
in evaluating the efficacy of specific drug regimens after EPP. In addition, current studies of
multimodality therapy have been focused on overall outcomes of all combined treatments
and not necessarily on the efficacy of individual therapies. The benefits of current adjuvant
chemotherapy may have been over or underestimated due to the presence of adjuvant
radiotherapy.
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There are many ongoing clinical trials evaluating better drug regimens for MPM pa-
tients. Targeted chemotherapy seems to be promising, since current cytotoxic chemotherapy
has limitations, such as improvement in overall survival or response rates [69]. However,
no tyrosine kinase inhibitor (TKI) has been approved for use for MPM patients in the
adjuvant setting. Although the majority of MPM patients exhibit EGFR overexpression [69],
EGFR-targeted therapies require further assessment before widespread use. A phase II
clinical study evaluated the efficacy of gefitinib with MPM patients [70]. The result was
poor with a median overall survival of only 6.8 months [70]. In addition, the study implied
that the EGFR overexpression may not be the predictor of better response to TKI [70].
Another trial with erlotinib revealed similar results with median overall survival of 10
months [69]. In the study, the 1-year survival rate was 43%, and median progression-
free survival was 2 months despite the EGFR overexpression [69]. However, the study
suggested the activated phosphatidylinositol 3-kinase/Akt pathway as a potential target
for further research [69]. In MPM patients who previously received one chemotherapy
regimen, the combination of erlotinib and bevacizumab has been tested in a phase II clinical
study. The median survival was poor (5.8 months), and only half of the patients achieved
stability for two cycles of chemotherapy [71]. In addition, two studies have examined
TKIs targeting a platelet-derived growth factor, specifically imatinib [72] and dasatinib [73].
However, neither of these were found to be effective in MPM patients [72,73].

While past approaches to targeted chemotherapy did not demonstrate beneficial
effects, recent studies have looked at adding a specific TKI to the standard drug regimen
of cisplatin plus pemetrexed. The addition of bevacizumab to the standard regimen was
associated with an increase of overall survival compared to the standard drug regimen
without bevacizumab (18.8 months vs. 16.1 months) [74]. Progression-free survival was also
higher in bevacizumab with the standard drug regimen (9.2 months vs. 7.3 months) [74].
In a phase II clinical trial, nintedanib displayed clinically meaningful results in progression-
free survival in combination with cisplatin plus pemetrexed [75], although the benefit
was less pronounced in a recent phase III clinical study [76]. Cediranib was another
option for the triplet regimen, combined with cisplatin and pemetrexed. There was no
significant outcome in overall survival, but the triplet regimen increased progression-free
survival from 5.6 to 6.9 months [77]. The main issue in the triplet regimes is the higher
toxicity compared to the standard regimen. Patients who received bevacizumab with
the standard regimen experienced more grade 3 or higher hypertension and thrombotic
events compared to patients with cisplatin plus pemetrexed only (23% vs. 0%; 6% vs. 1%,
respectively) [74]. For cediranib, 69% of patients who received the drug had grade 3 or
higher toxicities versus 57% of patients with standard drug regimen [77], while 29% of
patients discontinued cediranib due to the toxicity during the trial [77]. While the triplet
regimens still have a potential to be used in MPM patients, the feasibility of targeted
chemotherapy in an adjuvant setting has not been fully determined. Post-EPP patients
are generally less tolerant to chemotherapy and hence require a safer and less toxic drug
regimen. Considering the high toxicity, targeted chemotherapy may not be appropriate
in MPM patients who underwent EPP, although a definite conclusion cannot be drawn at
this point.

In patients with MPM that has progressed after first-line platinum-based chemother-
apy, immunotherapy has been proposed as a promising treatment option. Several PD-1 or
PD-L1 antibodies, such as pembrolizumab, nivolumab, and avelumab, have been evaluated
as monotherapy or in combination with anti-cytotoxic T lymphocyte antigen 4 (CTLA-4)
inhibitors. The exact role of PD-1 or PD-L1 expression as a biomarker is unclear, but
several trials displayed disease control rates up to 72% for pembrolizumab [78,79], 68% for
nivolumab [80,81], and 58% for avelumab [82] with acceptable safety profiles. Although
pembrolizumab did not result in better progression-free survival or overall survival com-
pared to standard chemotherapy in the first randomized controlled trial [83], PD-1 or
PD-L1 antibodies were generally well-tolerated with encouraging clinical activities in small
studies [78–82]. The mean overall survival for pembrolizumab, nivolumab, and avelumab
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was 7.2–18.0 months [78,79], 11.8–17.3 months [80,81], and 10.7 months [82], respectively.
When nivolumab was administered with ipilimumab, a CTLA-4 inhibitor, the median
progression-free survival was 6.2 months with overall survival of 64% at 12 months [84].
This result corresponds with a randomized controlled phase 2 trial, where the same com-
bination resulted in median progression-free survival of 6.2 months and overall survival
of 58% [85]. Similar results were observed durvalumab plus tremelimumab combination
treatment, with median progression-free survival of 8.0 months and mean overall survival
of 16.6 months [86]. However, there has been no study conducted to evaluate the feasibility
of immunotherapy in an adjuvant setting. Unlike targeted chemotherapy, patients who
underwent immunotherapy generally report less toxicity compared to standard chemother-
apy. Although well-established randomized controlled trials with a large sample size are
needed to further demonstrate the efficacy and safety, immunotherapy has the potential to
be developed as a treatment option for post-EPP patients considering the safety profiles.

In post-EPP patients with MPM, recurrence rates remain problematic. According to a
large cohort study, the recurrence rate after EPP was 75% (118/158), with median survival
of 15 months [87]. The most frequent site of recurrence was the ipsilateral hemithorax
or mediastinum, which was followed by the abdomen and the contralateral hemithorax
(Figure 2) [87]. This result corresponds to a more recent retrospective analysis, which
reported 78% of the recurrence rate among 136 patients after induction chemotherapy and
EPP [88]. In this study, second-line treatments were given to 78 patients, consisting of 71%
of chemotherapy, 23% of radiotherapy, and 21% of additional surgery [88]. Eleven patients
(14%) had a combination of two different therapies, while the rest (86%) received a single
therapy [88]. The chemotherapy regimens were most likely cisplatin (85%) and pemetrexed
(79%) [88]. Patients who received second-line treatments achieved significantly longer
survival rates compared to patients who did not receive additional treatments (10 months
vs. 2 months) [88]. Adjuvant radiotherapy was found to be effective in decreasing the risk
of recurrence after EPP, but it could not improve overall survival due to its limited efficacy
in distant metastasis [88]. Another recent retrospective analysis evaluated the efficacy of
additional chemotherapy in patients with relapsed MPM after previous multimodality
therapy [89]. Patients had received preoperative hemithoracic radiation, EPP, and adjuvant
chemotherapy before the recurrence [89]. Among 42 patients who were diagnosed with
relapsed diseases, only 15 patients underwent systemic therapy [89]. The majority of
patients received platinum and antifolate doublet, but approximately half of these patients
halted the treatment due to chemotherapy-related toxicity [89]. Although only 36% of total
patients were treated as planned, resulting in poor median overall survival of 4.8 months,
this study illustrated that patients with Eastern Cooperative Oncology Group performance
status ≥2, disease-free interval <1 year, and hemoglobin ≤110 g/L were at a higher risk in
systemic therapy [89]. While the most appropriate management of relapsed MPM remains
controversial, identifying ideal candidates for further treatments is crucial to improve the
poor prognosis after recurrence.
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Figure 2. Pattern of first recurrence sites in post-EPP patients (n = 158) based on the American Joint Committee on Cancer
stage. Adapted from ref [87]. Copyright 2015 The American Association for Thoracic Surgery.

2.3. Tuberculosis

Tuberculosis (TB) causes 1.5 million deaths each year, making it the leading cause
of death from infectious disease worldwide [90]. According to a recent World Health
Organization (WHO) report, approximately one-quarter of the global population can
develop TB from the bacillus Mycobacterium tuberculosis infection, although the lifetime
risk is less than 10% [91]. Currently in the United States, there are two to three people
infected with TB per 100,000 persons [92]. The incidence of TB has been decreasing in
the United States, but the rate of the decline has slowed (6.4% per year during 2007–2012
vs. 2.1% per year during 2012–2019) [92]. Due to the advance in medical treatments,
lung surgeries for TB have become less popular. However, it is estimated that ≈5% of
TB patients may still require surgeries as an induction therapy or an adjuvant therapy in
addition to medical treatments [93]. Pulmonary resections for TB are mainly performed
for elective indications, such as in cases of multidrug-resistant tuberculosis (MDR-TB)
or extensively drug-resistant tuberculosis (XDR-TB). Less commonly, TB patients may
undergo pulmonary resections due to TB-related complications/sequelae or emergency
indications such as hemoptysis [94]. According to a recent study, radical pulmonary
resections for TB can achieve a high success rate (79–100%) [94]. In terms of surgical
decision-making for TB, less invasive surgeries are preferred, but pneumonectomy and
pleuropneumonectomy still account for 12–15% of total lung resections for TB [94]. The
major indication for pneumonectomy in TB patients is a tuberculosis-destroyed lung and
widespread irreversible lesions [94]. Based on a recent prospective study, the complication
rate of overall pneumonectomy cases for TB was 30.8% [95]. Postoperative morbidity
increased in MDR-TB and XDR-TB patients, but the TB patients in the study achieved a
100% success rate with pneumonectomy [95]. Emergency pneumonectomy for hemoptysis
is relatively rare, but it is associated with a significantly higher risk of complications
compared to emergency lobectomy (72% vs. 52%) [94]. To decrease postoperative morbidity,
alternatives to pneumonectomy, such as combined and rare polysegmental resection, may
be considered for TB patients.
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The majority of TB patients can be successfully treated by receiving a combination
of isoniazid, rifampicin, pyrazinamide, and ethambutol. In general, drug-susceptible TB
does not require a radical pulmonary surgery unless the patient has a severely destroyed
lung. However, inappropriate management of TB historically has resulted in the emergence
of drug-resistant TB. For selective drug-resistant TB patients, pulmonary resections are
a valuable option over medical therapy. Based on the report from the WHO, the overall
success rate of treatments for MDR-TB and XDR-TB are ≈60% and ≈40%, respectively [91].
Approximately 500,000 new cases of MDR-TB are emerging each year [91], and standard
medical treatments for drug-susceptible TB patients are inadequate in these drug-resistant
TB patients. Although the most effective standard treatment has not been fully determined
for these patients, pulmonary resections are highly recommended in addition to medical
treatments. According to a study that compared outcomes between surgical groups and
non-surgical groups in treating MDR-TB, the successful outcome rates were 81.9% vs.
59.7%, respectively [96]. An observational cohort also demonstrated the important role of
pulmonary resections in treatments of MDR-TB and XDR-TB. Among 75 patients (51 MDR
and 24 XDR) who underwent adjuvant surgery, the rates of favorable outcomes were 90%
and 67% [97]. Another study with 72 TB patients (46 MDR and 26 XDR) reported the overall
favorable outcome rate of 90% after pulmonary resections, with no significant difference
between MDR-TB and XDR-TB (93% vs. 85%) [98]. Although better success is achieved
with surgery, it is an invasive procedure. Therefore, appropriate patient selection and
preoperative assessment is necessary in surgical decision-making.

Adjuvant chemotherapy after pulmonary resections is highly recommended in drug-
resistant TB patients. It is well known that postoperative anti-TB chemotherapy can reduce the
risk of relapses from persistent foci [94]. To date, there has been no study exclusively focused
on post-pneumonectomy TB patients. However, several studies including a great portion of
pneumonectomy patients have reported successful outcomes of adjuvant anti-TB chemother-
apy [10,99–104]. TB patients were considered as cured when acid-fast bacilli (AFB) negative
sputum conversion was produced throughout 18 months of treatments. All of these studies
achieved at least 90% of AFB negative sputum conversion/overall cure rates with appropri-
ate chemotherapy after pulmonary resection [10,99–104]. Adjuvant anti-TB chemotherapy
usually lasted for 6 months, with the median duration of 18 months [10,99,100,103]. After
the combination therapy of pulmonary resections and postoperative medical treatments, the
majority of studies reported zero [99,103] or only a few (n = 1–3) [10,100–102] cases of relapse
with acceptable morbidity and mortality. In terms of drug regimen, there is no specific drug
combination that can be used in all TB patients after a surgery. Individual drug regimens are
determined based upon the results of drug susceptibility tests and, if possible, they consist
of a variety of anti-TB drugs to prevent further drug resistance. Patients who underwent a
surgery often resume their preoperative drug regimens if no correction is necessary. In general,
common first-line drug regimens, such as isoniazid, rifampin, pyrazinamide, ethambutol, and
streptomycin, are preferred without a significant difference between pre- and post-operative
treatments.

Due to the complexity and toxicity of current anti-TB chemotherapy, many studies
have aimed to develop a new TB drug regimen. To date, there are three novel drugs recently
introduced for anti-TB treatments: bedaquiline, delamanid, and pretomanid. Bedaquiline
is the first drug approved by the FDA to be used against MDR-TB in decades [105]. It is an
adenosine triphosphate synthase blocker, which can reduce the risk of adverse effects in TB
patients by selectively working against Mycobacterium’s ATP synthase [105]. According to a
systematic review, bedaquiline with a standard drug regimen for MDR-TB can significantly
decrease the length of treatment compared to placebo [106]. However, bedaquiline should
only be used when more effective treatments are not feasible. While the labeled regimen is
a daily dose of 400 mg for 14 days followed by 200 mg twice a week for 22 weeks, a recent
study proposed a simpler drug regimen of a daily dose of 200 mg for 2 months followed
by 100 mg daily for the remaining 12 weeks [107]. It is estimated that the proposed drug
regimen has a similar safety and efficacy profile but more benefits available in terms of
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adherence [107]. Delamanid is another promising anti-TB drug that is meant to be used in
combination with other anti-TB drugs. It is a mycolic acid biosynthesis inhibitor against
Mycobacterium tuberculosis. Based on a phase IIA randomized controlled trial, there was
no statistically significant difference among 100, 200, 300, and 400 mg of daily dose in
terms of early bactericidal activity [108]. In terms of sputum decline, 200 and 300 mg
showed a better outcome compared to 100 mg [108]. While all of the dosages are safe and
well tolerated, on day 3, patients can achieve a significant increase in bactericidal activity,
which is similar to a standard drug combination, isoniazid, rifampicin, pyrazinamide,
and ethambutol [108]. Pretomanid was recently approved to be used in combination
with bedaquiline and linezolid against MDR-TB and XDR-TB. It was reported that this
drug combination achieved 90% favorable outcomes among 109 highly drug-resistant
infected patients [109]. Linezolid-induced toxicity, such as peripheral neuropathy or
myelosuppression, was common, but these toxic effects could be successfully managed by
reducing the dose [109]. Although all of the three novel drugs can be used in drug-resistant
TB, their efficacies in adjuvant settings remain unclear. Considering that post-operative
drug regimens for TB are highly individualized, the development of novel drug regimens
may benefit post-pneumonectomy patients by providing more treatment options.

When a lung is totally destroyed, surgery should be performed to prevent compli-
cations, such as recurrent infections and frequent hospitalizations [110]. Unlike drug-
resistant TB, when pneumonectomy is indicated to remove a TB-destroyed lung, adjuvant
chemotherapy may not be required. Unless patients are infected with active drug-resistant
TB, patients with a TB-destroyed lung generally achieve satisfactory outcomes with preop-
erative anti-TB chemotherapy and careful operation of pneumonectomy [111]. According
to a retrospective study of 172 cases of TB-destroyed lungs, the clinical cure rate was 91.9%
after a pneumonectomy following induction chemotherapy [111]. However, if necessary,
patients can resume their previous anti-tuberculosis chemotherapies after surgery based
on their practitioner’s recommendation. For patients with a TB-destroyed lung, the main
indication of pneumonectomy is the presence of severe pleural adhesions [111]. The lung
lesions should be removed to reduce the risk of complications, such as postoperative
empyema [111]. Pneumonectomy for a TB-destroyed lung is rare in children, but it may
become necessary when the destroyed lung irreversibly changes the lung parenchyma or
causes severe acute/chronic complications [110]. After a lung removal, children are more
likely to experience compensatory lung growth, which eventually results in improved
exercise capacity and tolerance [110]. However, pneumonectomy for a TB-destroyed lung is
associated with high postoperative complication rates [12,13]. Although pneumonectomy
for a destroyed lung can achieve high long-term survival [12,13], to improve quality of life,
the management of postoperative complications is crucial. Especially for patients with low
predicted postoperative FEV1, several follow-ups are highly recommended for the early
detection of postoperative complications [12].

2.4. Respiratory Health

Post-pneumonectomy patients are known to have severely impaired respiratory
health. Based on spirometry tests, both static and dynamic lung volumes, such as FEV1,
FVC, and RV, significantly decreased in patients who survived more than a year after a
pneumonectomy [112]. However, there is no single drug to improve overall pulmonary
function in post-pneumonectomy patients. As these patients are susceptible to postoper-
ative complications and respiratory failure, conservative management of the remaining
lung may not be adequate to improve quality of life. Present studies have been aiming
to develop treatments that can actively improve pulmonary function after a pneumonec-
tomy [113–125]. Among these studies, post-pneumonectomy compensatory lung growth
seems to be especially promising. Pneumonectomy can stimulate the active growth of a
remaining lung as compensation for the removed lung portion [113]. If compensatory lung
growth can be stimulated by a pharmaceutical intervention, it would result in the develop-
ment of lung regenerative therapy, which can benefit patients with diminished pulmonary
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function [113]. While there is no drug yet approved to be used in post-pneumonectomy
patients for this purpose, many animal experiments are underway to identify effective
pharmaceutical treatments that induce compensatory lung growth [113].

Lung growth involves numerous growth factors to form a properly functioning com-
plex structure. To stimulate compensatory lung growth, the administration of exogenous
growth factors or the recruitment of endogenous growth factors are considered in several
studies. Epidermal growth factor (EGF) modulates epithelial maturation and regenera-
tion, which is involved in both prenatal and postnatal lung development [114]. In adult
male rats, exogenous epidermal growth factor was found to stimulate compensatory lung
growth [114]. When treated with EGF, these rats achieved a higher lung volume and weight
index, with no significant change in the alveolar surface density [114]. Heparin-binding
epidermal growth factor (HB-EGF) is a type of EGF consisting of EGF-like domain with a
heparin-binding site [114]. HB-EGF is observed in diverse organs and has potential to be
used in stimulating alveolar regeneration after pneumonectomy [115]. It is released from
the activation of vascular endothelial growth factor receptor 2 (VEGFR2) and promotes
tissue repair and regeneration [115]. Although there are remaining issues to be solved
before its clinical use, such as the development of a proper delivery system, therapeutic
strategies utilizing HB-EGF sound promising. Vascular endothelial growth factor (VEGF)
is another important factor in blood formation during lung generation [116]. When a VEGF
neutralizing antibody was administered to post-pneumonectomy mice, compensatory lung
growth was significantly diminished [116]. The study suggested that VEGF supported
compensatory lung growth via the mobilization and recruitment of progenitor cells to
the lung [116]. Another study also illustrated that VEGF facilitated compensatory lung
growth in post-pneumonectomy mice [117]. VEGF decreased the time for complete com-
pensatory lung growth from 8 to 10 days to 4 days, with no significant morphometric
differences [117]. In addition, keratinocyte growth factor and hepatocyte growth factor
were also found to stimulate post-pneumonectomy compensatory lung growth in murine
models [118,119]. While all of these growth factors have the potential to be used in post-
pneumonectomy treatments, the downregulation of growth factor receptors should be
taken into consideration when developing growth factors-related therapeutic strategies.

There are two novel methods that potentially stimulate compensatory lung growth
after a pneumonectomy: the administration of VEGF receptor 1 (VEGFR1) and erythropoi-
etin (EPO). A recent study reported that the systemic administration of VEGFR1, a VEGF
inhibitor, stimulated angiogenesis and increased lung volume of mice [120]. VEGFR1 in-
creased the level of VEGF and VEGFR2 in the lung, enhancing endothelial proliferation and
pulmonary surfactant production [120]. Although it cannot be easily applied to humans,
VEGFR1 was effective in stimulating compensatory lung growth in mice at the dose of
20 µg/kg [120]. Meanwhile, EPO was also found to promote endothelial cells growth and
to induce angiogenesis [121]. During compensatory lung growth, the upregulation of EPO
has been reported in post-pneumonectomy canines; however, the efficacy of exogenous
EPO inhalation was unclear [121]. In a recent study, post-pneumonectomy adult canines
received weekly human EPO-containing nanoparticles for 16 weeks [121]. EPO selectively
promoted alveolar angiogenesis in the remaining lobes [121]. However, EPO administra-
tion did not induce the extravascular tissue growth of a whole lung, which resulted in a
discrepancy between structure and function of the tissue [121].

Thyroid transcription factor 1 (TTF-1) is involved in the early phase of compensatory
lung growth in adult mice [122]. When TTF-1 was silenced by small inhibitory RNA, post-
pneumonectomy compensatory lung growth was delayed [122]. The combination of dex-
amethasone, 8-bromo-3′-5′-cyclic adenosine monophosphate, and isobutylmethylxanthine
(DCI) was found to elevate TTF-1 expression in epithelial cells of the lung [123]. In adult
male mice, airway administration of DCI facilitated the initiation of post-pneumonectomy
compensatory lung growth [123]. Based on morphological analysis, DCI increased the
number of alveoli and decreased the size of alveoli [123]. This resulted in an increase
of surface area of the alveoli [123]. Once the compensatory lung growth is stimulated,
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its maintenance is less important. Therefore, DCI may not be required for a prolonged
time [123]. In addition, DCI administration was not effective without previous pneu-
monectomy experience [123]. Therefore, its clinical use may be limited to compensatory
lung growth. Although further assessment is necessary before the use of DCI in post-
pneumonectomy patients will be authorized, DCI administration seems to be promising to
potentially improve the function of the remaining lung.

Post-pneumonectomy therapies involving immune cells are also under development to
stimulate compensatory lung growth. A recent study demonstrated that recruited monocytes
and type 2 immunity can enhance compensatory lung growth after a pneumonectomy [124].
For proper compensatory growth of the remaining lung, the recruitment of monocytes and
interleukin 4 receptor a-expressing leucocytes are needed (Figure 3) [124]. According to
the study, these monocytes and macrophages may play an important role in modulating
cell proliferation and differentiation during compensatory lung growth [124]. In addition,
type 2 innate lymphoid cells were proposed as a source of IL-13, which can induce the
polarization of macrophage and further stimulate compensatory lung growth [124]. Soluble
platelet-rich plasma extract was also found to be effective in enhancing compensatory lung
growth. This plasma extract contains numerous factors that stimulate angiogenesis including
angiopoietin-1 [125]. In animal experiments with mice, platelet-rich plasma extracts success-
fully activated angiogenic factor receptors in endothelial cells and facilitated compensatory
lung growth [125]. Although none of the aforementioned studies were conducted on humans,
these therapeutic interventions have potential as effective strategies for compensatory lung
growth in post-pneumonectomy patients.

Figure 3. Graphical abstract of post-pneumonectomy compensatory lung growth in potential im-
munomodulatory therapies. (AEC2: Type 2 alveolar epithelial cells; CCL2: C-C Motif Chemokine
Ligand 2; CCR: C-C chemokine receptor 2; IL4Ra: interleukin 4 receptor; IL13: Interleukin 13; ILC2:
Type 2 innate lymphoid cells). Adapted from [124]. Copyright 2017 Cell Press.

In addition to compensatory lung growth, some non-pharmaceutical treatment options
have been investigated to improve respiratory health in post-pneumonectomy patients.
Physiotherapy programs are common both in preoperative and postoperative treatments.
It is well known that post-pneumonectomy patients have severely diminished exercise ca-
pacity compared to preoperative physical condition. According to a randomized controlled
trial, high-intensity exercise training is beneficial in terms of improved peak oxygen uptake,
muscular strength, total muscle mass, and quality of life in postoperative lung cancer
patients [126]. Current physiotherapy programs are highly heterogenous because these
programs are individualized based on patients’ physical status and needs. Some common
therapeutic targets are respiratory muscle training, bronchial hygiene, and exercise train-
ing [127]. In general, physiotherapies are aiming to prevent postoperative complications
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and decrease the length of hospital stay [127]. Although the efficacy of physiotherapy
specifically in post-pneumonectomy patients should be further evaluated, postoperative
patients are encouraged to maintain exercise training after lung surgery [127].

3. Conclusions

Pneumonectomy is a procedure that may become necessary for both malignant and
benign diseases. Regardless of indications, individual outcomes have been substantially
improved not only due to technical advance but also via appropriate drug regimens after
the invasive surgery. While it is well known that post-pneumonectomy patients can
significantly benefit from postoperative treatments, many clinical trials have been aiming
to further demonstrate the efficacy of adjuvant chemotherapy. Conventional approaches
include the improvement of currently available drug regimens, whereas many ongoing
trials are aimed at developing novel drug regimens for post-pneumonectomy patients.
Despite the benefits brought by pneumonectomy, postoperative complications are still
problematic. Atrial fibrillation (AF) is the most common complication [23,128], whereas
bronchopleural fistula (BPF) and postpneumonectomy syndrome (PPS) are relatively rare
but can be life-threatening [6–8,129]. There are several pharmaceutical drug regimens to
treat postoperative AF. In general, amiodarone, beta-blockers, diltiazem, and/or digoxin
are commonly used for these patients. To prevent BPF, the coverage of bronchial stump is
highly recommended, especially for patients who underwent a right-sided pneumonectomy
and experienced adjuvant chemotherapy [129]. PPS is a mediastinal shift toward the site of
the excised lung, which causes significant compression in the central airway. Similar to BPF,
patients who experience PPS undergo surgical correction to reposition the mediastinum.
Although patients who underwent a right-sided pneumonectomy are perceived to be at a
higher risk of these complications, BPF and PPS can occur both after right- and left-sided
pneumonectomy [9,130]. Management of these complications has been an essential task
to improve the postoperative quality of life in pneumonectomy patients. Overall, it is
important to identify high-risk patients though preoperative physical assessments and to
monitor these patients for early detection of the complications.
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