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Introduction

Lung cancer is one of the most prevalent and lethal cancers
worldwide (1). The traditional treatments include surgery,
chemotherapy, radiotherapy and interventional therapy.
The survival of lung cancer patients has dramatically been
prolonged in recent years with the availability of targeted
therapies, antiangiogenic agents and immune checkpoint
inhibitors (ICIs). Meanwhile, technologies for the molecular
detection of lung cancer have also advanced rapidly: the
detection of single driver genes has evolved to cover
combined multi-gene analysis, and whole exome sequencing
(WES) has increasingly been applied in the clinical setting.
In addition, life support technologies, including ventilators,
artificial liver, and artificial kidney as well as extracorporeal
membrane oxygenation (ECMO), have further matured,
providing powerful forms of life support for patients with
various acute and critical diseases.

However, most clinical studies have only enrolled
patients with Eastern Cooperative Oncology Group
(ECOG) performance status (PS) scores from 0 to 1, with
few patients having PS scores of 2; patients with a PS
score of 3 or 4 have been typically excluded. Therefore,
due to the lack of high-quality evidence, supportive care
is recommended for patients with a PS score of 3 to 4
in the current guidelines. In the real-world, however,
approximately 25% of lung cancer patients present with
PS score of 3 or 4 (2) or attain scores between 3 and 4
during the course of treatment. Certain patients with
high PS scores can benefit from individualized anti-tumor
treatment plus appropriate life-support techniques. In 2017,
the Lung Cancer Research Team at the First Affiliated
Hospital of Guangzhou Medical College & Institute
of Respiratory Diseases for the first time pioneered the
concept of “advanced severe lung cancer” (3) and argued
that standardized therapy for chronic obstructive pulmonary
disease (COPD) plus anti-tumor therapy can improve both
quality of life and prognosis in patients with lung cancer
combined with COPD. The authors also found that the
early detection of lung cancer driver genes and timely
targeted therapy can be successful in treating patients with
advanced severe lung adenocarcinoma with a PS score of
4 (4). In 2019, the concept of advanced severe lung cancer
was further developed in a featured article (5) that indicated
“Advanced severe lung cancer: does not refer to end-stage lung
cancer but rather to stage IIIB, IIIC and 1V lung cancers with a
PS score of 2—4, which can result from a variety of factors related
to the disease itself or anti-tumor drugs and which are highly
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likely to benefit from the curvently available systemic anti-tumor
therapies”.

In recent years, with the advances in lung cancer
diagnosis and treatment techniques and life support
technologies, more clinical studies have enrolled patients
with a PS score of 2, and some real-world studies have
enrolled patients with PS scores of 3—4. Even for patients
with early-stage lung cancer, studies have shown that
patients with poor PS scores and co-morbidities have a
reduced chance of undergoing surgery and an increased
mortality rate (6); nevertheless, survival benefit may still
be obtained through surgical modifications combined
with individualized and multidisciplinary treatment (7).
Therefore, the concept of severe lung cancer should not
be limited to advanced lung cancer, but applied to all
lung cancer patients. In particular, due to the increase in
treatment options as well as substantially prolonged survival,
the majority of patients may have a PS score between 2 and
4 for a certain period of time due to a variety of reasons.
How to provide timely and reasonable treatment for these
lung cancer patients has become a critically important real-
world research topic. Therefore, we invited lung cancer
experts at home and abroad to consider this issue, and this
group has reached the following consensus.

Methods

This consensus was conceived and developed by 87 experts
with significant experience in the field. The expert group
was divided into 5 subgroups that formulated questions for
each topic. The Population, Intervention, Comparison,
and Outcome (PICO) framework was used to facilitate
systematic literature review. Various databases including
PubMed, EMBASE and the Cochrane Library were
systematically searched using key words such as lung cancer,
poor PS, comorbidities, complications, adverse events
(AEs), chemotherapy, radiotherapy, surgery, interventional
therapy, epidermal growth factor receptor (EGFR),
anaplastic lymphoma kinase (ALK), targeted therapy,
antiangiogenic therapy, ICIs and supportive treatment
for relevant articles published between January 2000 and
March 2021. Each subgroup responded to related topics
and developed key guidelines, which were consolidated
into 10 key issues (definition, common causes, benefit of
diagnosis and treatments, basic diagnosis and treatment
techniques, specific diagnosis and treatment strategies,
surgical treatment, radiotherapy, interventional techniques,
anti-tumor drugs, and life support techniques). The findings
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were graded based on the Oxford Centre of Evidence-Based
Medicine’s Levels of Evidence (8). Five of us drafted (C
Zhou, S Li, J Liu, Q Chu and L Miao) the manuscript and
submitted it to all 5 subgroups for discussion and revision.
The drafts were distributed to the entire panel of experts
and edited multiple times until each participant finally
approved it.

Consensus 1: the concept of severe lung cancer

Severe lung cancer is a disease in which the patient has a
PS score between 2 and 4 in certain stages due to various
acute or chronic co-morbidities, the tumor itself, and/or
treatment-related AEs but which has a high probability of
achieving survival benefit and/or improvement in the PS
score after supportive care and anti-tumor treatment on the
basis of dynamic and precise testing.
This concept addresses three domains:

Etiology

Three main factors may cause severe lung cancer: (I)
various acute and chronic co-morbidities such as heart
failure (HF) and COPD; (II) the tumor itself, which may
cause massive cardiac and pleural effusions and obstruction
of large airways; and (III) various treatment-related AEs
such as severe infection due to chemotherapy-induced
myelosuppression, interstitial pneumonia due to tyrosine
kinase inhibitor (TKI) use, and severe immune-related
adverse reactions.

Targeted populations

Severe lung cancer is a category distinct from end-stage
lung cancer. End-stage lung cancer is referred to patients
who do not benefit of any specific treatments except
palliative care to alleviate symptoms. However, severe lung
cancer not only refers to lung cancer patients with PS scores
between 2 and 4 in certain stages but also includes those
who would enjoy a survival benefit and/or improvement
in the PS score with various techniques and individualized
multidisciplinary treatment.

The value of diagnosis and treatment

Treatments must be of viable benefit when performed in
patients with severe lung cancer. The value of treatment
depends on the state-of-the-art of modern medical

© Translational Lung Cancer Research. All rights reserved.

Zhou et al. Consensus on severe lung cancer

technologies. The combination of three such technologies
is particularly important: (I) dynamic and precise detection,
which enables the timely identification of patients who
may benefit from the treatment; (II) powerful life support
technologies, which create suitable conditions for various
anti-tumor treatments; and (III) anti-tumor treatments,
which should be applied individually and thus are highly
effective and safe.

Consensus 2: common causes of severe lung
cancer

Three main factors may cause severe lung cancer: (I)
various acute and chronic co-morbidities such as HF and
COPD; (II) the tumor itself, which may cause massive
cardiac and pleural effusions and obstruction of large
airways; and (III) various treatment-related AEs such as
surgical complications, radiation injury, severe infections
due to chemotherapy-induced myelosuppression, interstitial
pneumonia due to TKI use, and severe immune-related
adverse reactions.

Acute and chronic co-morbidities

It was found that 87.3% of lung cancer patients had at
least one comorbidity and 15.3% had severe comorbidity
scores (9). Nieder et 4l. reported that lung cancer patients
without comorbidities had lower PS scores (10). Another
study also showed a positive correlation between a
simplified comorbidity score (11) and the PS score (12). A
study investigated the survival rate of lung cancer patients
with comorbidities was significantly lower than that of
patients without comorbidities (13).

Heart failure

The incidence of HF combined with lung cancer is
increasing annually, and patients with HF are in fact more
likely to develop cancer (14,15). HF increases the risk of
death in all lung cancer patients [hazard ratio (HR) =1.85];
for patients with early-stage lung cancer, HF decreases
the likelihood of undergoing surgery and increases
postoperative complications (16).

COPD

COPD is a risk factor for lung cancer and it is present in
40-70% of lung cancer patients (17,18). It is reported that
50.2% of non-small cell lung cancer (NSCLC) patients
have COPD (19). One-third of lung cancer patients with
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coexisting COPD are not indicated for surgical treatment
due to poor lung function (20). A meta-analysis also
showed that coexisting COPD was associated with a lower
survival rate and a higher rate of postoperative pulmonary
complications in lung cancer patients (21).

Interstitial lung disease (ILD)

A large amount of epidemiological has confirmed a close
relationship between ILD and lung cancer. The risk of lung
cancer in ILD is 3.5-7.3 times that in the general population,
approximately 10-20%. Fifteen percent of ILD patients
may die from lung cancer, and the incidence of ILD at the
time of lung cancer diagnosis is between 2.4-10.9% (22).
The incidence of lung cancer in the whole course of
idiopathic pulmonary fibrosis (IPF) is greater than 50% (23).
Moreover, lung cancer is associated with increased mortality
in patients with IPF (24). Among IPF patients who undergo
surgery for lung cancer, postoperative acute exacerbation
of IPF is reported to occur in approximately 20%, with
an associated mortality of about 50% (25-28). The 5-year
survival rate of stage IA lung cancer patients with ILD was
significantly lower than that of those without ILD (54.2%
vs. 88.3%, P<0.0001) (29). In patients with lung cancer and
ILD, various anti-cancer treatments may also induce acute
exacerbation of ILD (22).

Obesity

Abdominal obesity is a risk factor for lung cancer (30). In
the obese population, the presence of adipose tissue around
the thorax, abdomen and viscera reduces lung volume
and impairs airway stability (31,32). Obese patients have
difficulties in coughing up phlegm and turning over in
bed, leading to increased perioperative and postoperative
complications, and morbid obesity is a risk factor for

mortality (33,34).

Lung cancer itself

Lung cancer itself can lead to a variety of acute and critical
complications that require urgent management, and timely
management of these complications improve patients’

quality of life and PS scores (35).

Pleural effusion

Pleural effusion occurs in 40% of lung cancer patients,
and malignant pleural effusion is a poor prognostic factor
(36,37). The PS score markedly increases as the severity
of pleural effusion increases (38). A poor PS score is also
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a risk factor for poor prognosis in patients with pleural
effusion (39).

Pericardial effusion

Pericardial effusion occurs in approximately 3% of lung
cancer patients (40), and more than one-third of the
cases of malignant pericardial effusions are caused by
lung cancer (41,42). Pericardial effusion is a risk factor
for decreased survival in lung cancer (43,44). Neoplastic
pericardial effusion (NPE) patients with PS >2 have a
worse prognosis (45).

Airway stenosis

Tracheal or bronchial proximal stenoses occurs as a
complication in 20-30% of lung cancers, resulting in
dyspnea, a poor PS score and poor prognosis (35,46).
Resolving airway obstruction can rapidly improve the
clinical condition and quality of life and decrease PS
scores (47,48).

Venous thromboembolism (VTE)

VTE, including lower extremity deep vein thrombosis
and pulmonary embolism, occurs in 13.9% of lung cancer
patients (49). Cancer is a risk factor for VTE, with an HR
of 4.7 (50). VTE is 20 times more common in lung cancer
patients than in people without cancer. VTE is also a
significant cause of death in patients with lung cancer (51).

Treatment-related AEs

Surgery, radiotherapy, chemotherapy, targeted therapy, anti-
vascular therapy, and immunotherapy are often associated
with serious AEs will worsen PS scores; however, timely
management of these AEs may improve the PS score.

Postoperative lung injury

A meta-analysis revealed that the total incidence of
postoperative lung injury was 4.3% for thoracic surgery,
and the overall attributable mortality for postoperative lung
injury was up to 26.5%; the 1-year survival rate was found
to be significantly lower in patients with lung injury (52).

Cerebral radiation necrosis

Retrospective studies have reported that in patients with
metastatic brain tumors, cerebral radiation necrosis occurred
in 4.7% to 9.2% of patients undergoing stereotactic
radiotherapy, at radiotherapy doses ranging from 18 to
30 Gy (53). The incidence of cerebral radiation necrosis was
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25-50% in patients treated with brachytherapy (54).

Chemotherapy-induced neutropenia accompanied by
infection

Neutropenia is a common hematologic toxicity induced
by chemotherapeutic agents. Prolonged neutropenia
is associated with increased risk of infection (55). The
reported rate of mortality is 11.2% in lung cancer patients
with febrile neutropenia (56).

Bleeding caused by angiogenesis inhibitors

In a meta-analysis including 12,617 patients with a variety
of solid tumors, the incidence of hemorrhage was 30.4%
after bevacizumab use, with 3.5% being high grade; the
risk for fatal bleeding was only 0.8%, but was significantly
elevated in lung cancer [relative risk (RR) =5.02] (57).

TKI-associated ILD

A meta-analysis showed that the incidence of all-grade
and high-grade (> grade 3) ILD associated with EGFR-
TKIs was 1.6% and 0.9%, with a mortality of 13.0% (58).
In another meta-analysis, the incidence of all-grade and
high-grade ILD associated with ALK-TKIs was 2.14% and
1.33%, respectively (59).

Checkpoint inhibitor-related pneumonitis (CIP)

The incidence of CIP was found to be 3-5% in clinical
studies and 7-13% in real-world studies (60), with a case-
fatality rate of 12.8-22.7% (61-63). The severity of CIP is
positively correlated with the PS score (64).

Consensus 3: benefits of the diagnosis of and
treatment for severe lung cancer

Severe lung cancer is different from end-stage lung cancer,
and the benefits of clinical treatment is worthy of emphasis.
When a PS score is placed between 2 and 4, it should be
aware that the PS score is stage-specific, “reversible”, or
“fluctuating”. It should also be evident whether the survival
benefit can be obtained in severe lung cancer patients
through individualized treatment with the currently
available techniques (recommendation category: B; level of
evidence: 2a).

Reversibility of the PS score

One study investigated the efficacy and feasibility of
gefitinib for patients with advanced NSCLC and found the
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PS improvement rate to be 79%; in particular, 68% of the
22 patients improved from PS 3-4 at baseline to PS 0 or
1 (65). A retrospective study analyzing chemotherapy for
advanced NSCLC with a PS score >2 showed that 45.26%
of the patients had improved PS scores (66). In patients with
massive pleural and pericardial effusion, drainage rapidly
relieved the symptoms (39,67,68). In patients with major
airway obstruction, timely and effective local treatment
immediately alleviated the symptoms related to the airway
obstruction (47,48). Thus, the PS score is reversible, and the
key lies in resolving the immediate causes [e.g., oncologic
emergencies (69)] of the poor PS score.

PS scores fluctuation

In patients with lung cancer accompanied by chronic
disease(s), the recurrence or exacerbation of the underlying
disease may lead to fluctuations in the PS score. A
study of 882 lung cancer patients showed a negative
correlation between PS score and increasing severity of the
comorbidities (70). A previous study analyzing NSCLC
with a PS >2 showed that the score was improved in 91.7%
of the patients after aggressive ventilatory support and
management of the vital organ-centered comorbidities (3).
In another study, 40% of 70 lung cancer patients with a
PS score of 2-3 had underlying disease of the lungs; after
treatment with anlotinib plus S-1, the PS score decreased
and displayed stage-specific fluctuations (71).

Consensus 4: basic diagnosis and treatment
techniques for severe lung cancer

The relative value of severe lung cancer treatment depends
on the advances made in modern medical technology. The
combination of three clinical technologies is particularly
important: (I) dynamic and precise detection, which enables
the timely identification of patients who may benefit from
the treatment; (II) powerful life support technologies,
which create the conditions needed for various anti-tumor
treatments; and (III) individualized anti-tumor treatments

that are highly effective and safe.

Dynamic and precise detection (recommendation category:
A; level of evidence: 1b)

The past decades have witnessed the transition of lung
cancer treatment from traditional chemotherapy to
precision therapy. Targeted therapies are preferred for
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patients with driver gene-positive tumors; for patients
without driver genes, non-targeted therapy biomarkers
should be detected in order to identify those patients in
which there is potential benefit. Clinicians should test
tissue specimens whenever possible. However, tissue
specimens may not be obtainable for genotyping in some
patients, in which case liquid biopsy should be performed.
Tumors are highly heterogeneous, and puncture specimens
can only reflect the localized lesions. Moreover, the
genetic status and tumor status may change after anti-
tumor therapy, and subsequent treatments based only
on the results of the initial specimen may be inaccurate
(72,73). Therefore, the pathological type and genetic
status should be dynamically examined throughout the
course of treatment. Liquid biopsy has the advantages of
easy access, low invasiveness, and good repeatability, all of
which enable dynamic detection (74,75).

Life support techniques (recommendation: B; level of
evidence: 2a)

Patients with severe lung cancer should be given appropriate
life support so as to enable subsequent anti-tumor
treatment. Many novel life support technologies including
non-invasive/invasive ventilation, liver replacement, kidney
replacement, and ECMO have saved the lives for many of
critically ill patients.

Anti-tumor treatments (recommendation: B; level of
evidence: 2a)

Anti-tumor treatment and life support do not conflict with
each other. Clinicians should treat both symptoms and
their causes: when actively managing complications and
comorbidities, the most appropriate anti-tumor treatment
needs to be identified. At present, anti-tumor treatments
include surgery, chemotherapy, radiotherapy, interventional
therapy, angiogenesis inhibitors, targeted therapy and
immunotherapy or any combinations of them. The anti-
tumor treatments should be used flexibly, and those drugs
having the highest efficacy and lowest toxicity are obviously
preferred.

Consensus 5: specific diagnostic and treatment
strategies for severe lung cancer

There is currently no well-controlled, prospective clinical
evidence available for determining the optimal treatments
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for severe lung cancer; however, indirect data from research
on patients with PS 0-1 may be useful for making decisions.
Flexible and individualized treatment strategies can be
adopted, which include but are not limited to: “treatment of

» o«

both the lung cancer and other lung diseases”, “selection of
treatment approaches according to the PS score”, “escalation
and de-escalation of anti-tumor drugs”, “dynamic and
precise detection”, “smart combinations for increasing
efficacy and reducing toxicity” and “multidisciplinary
participation, and individualized and comprehensive

treatment”.

Treatment of both lung cancer and other lung diseases
(recommendation category: B; level of evidence: 2a)

During the treatment of lung cancer, the management
of other acute and chronic respiratory diseases such as
COPD, ILD, pulmonary embolism, and lung infections
must not be neglected. Zhang er 4/. found the overall
diagnostic rate of COPD was only 7.1% (50 of 705 lung
cancer patients meeting the diagnosis criteria of COPD),
and the treatment for stable and acute exacerbation
of COPD was 27.1% and 46.8%, respectively (76).
Poor management of COPD can lead to a decrease in
patients’ quality of life, decrease in therapeutic efficiency,
and worsening of the prognosis. In a previous study,
patients receiving anti-tumor therapy plus proper COPD
management had significantly longer progression-free
survival (PFS) and overall survival (OS) compared to those
treated with anti-tumor therapy alone (77). In a real-world
study in the Republic of Korea that retrieved clinical
information from a medical information system, 113 of
8,014 NSCLC patients were found to have unsuspected
pulmonary emboli (PE), and the results showed that the
mortality rate was 4.1 times higher in those patients who
did not receive anticoagulation therapy than in those
who did (78). The treatment protocols for lung cancer
are selected based on the PS score, which can be directly
affected by pulmonary comorbidities and complications.
Therefore, controlling for comorbidities or complications
as well as treating lung cancer is important, and such
findings represent the primary and secondary aspects of
the “contradiction” involved in the treatment of severe
lung cancer. While the primary aspect is undoubtedly
important, the primary and secondary aspects can be
impact each other. Therefore, the management of severe
lung cancer requires that attention be paid to both the
primary and secondary aspects (i.e., both the lung cancer
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and that other lung diseases require treatment).

Dynamic and precise detection (recommendation category:
A; level of evidence: 1b)

At present, targeted therapy is mainly used in driver gene-
positive patients; the use of anti-vascular therapy is typically
avoided in high-risk patients; immunotherapy is not a
precise treatment as it is preferred only in certain select
populations and should be avoided in the high-risk groups;
and chemotherapy has only a limited tissue-specific effect.
Dynamic and precise detection for a timely identification
of targets is particularly important for patients with severe
lung cancer over their lifetimes.

Chemotherapy targets (recommendation category: C;
level of evidence: 2a)

Many studies have been devoted to identifying predictors
of chemotherapy efficacy. It is reported that high excision
repair cross complementing-group 1 (ERCCI) expression is
associated with decreased efficacy of platinum agents (79), high
ribonucleotide reductase subunit 1 (RRM1) expression is
associated with poor efficacy of gemcitabine (80), increased
thymidylate synthase (T'S) expression is associated with
poor efficacy of pemetrexed (81), and class III beta-tubulin
(TUBB3) is associated with resistance to toxoids (82).
However, currently these biomarkers are not considered
clinically useful and thus require further investigation.

Targets used in targeted therapies (recommendation
category: A; level of evidence: 1a)

Currently, the driver genes routinely tested in clinical
laboratories include EGFR, ALK, ROS1, KRAS, HER-2,
BRAF V600, RET fusion, MET amplification, and MET14
exon skipping. Targeted therapy requires the detection of
specific targets, and only precisely targeted therapy can
work quickly and effectively. However, drug resistance
can occur during targeted therapy, and a repeated
detection of the relevant targets is needed to determine
the mechanisms of resistance. For example, approximately
50% of patients with EGFR-sensitive mutations treated
with first- and second-generation EGFR-TKIs develop
T790M mutations, which can be effectively treated with
third-generation TKIs (83).

Targets of anti-angiogenesis therapies

(recommendation category: C; level of evidence: 1a)
Currently, single-target drugs include bevacizumab
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(VEGF-A) and ramucirumab (VEGFR-2), multi-target
(targeting VEGFR, PDGFR, FGFR, RAF, etc.) small-
molecule TKIs include anlotinib, apatinib, sunitinib,
sorafenib, nintedanib, and fruquintinib, and pan-target
drugs include vascular endothelial inhibitors (84). A
phase II/III clinical study involving 878 NSCLC patients
randomly assigned carboplatin + paclitaxel (PC) or PC +
bevacizumab (BPC). The results showed that patients with
high baseline VEGF-A had higher response to BPC than
those with PC; and bevacizumab was beneficial to PFS in
patients with low baseline intercellular adhesion molecule
(ICAM) (85). Another study to investigate the biomarkers
of bevacizumab combined with chemotherapy for NSCLC
patients showed that VEGF-A was not associated with
response to bevacizumab, but low VEGF-A was associated
with favorable PFS and OS (86). However, there are still
no reliable predictive biomarker for the efficacy of anti-
vascular therapy. The use of these drugs has no clear
requirement for the PS score, and the current suggested
treatment strategy is to avoid contraindications such as
patients at high risk of bleeding, in an active thrombotic
phase, having high risk pulmonary cavity, and/or
uncontrollable hypertension.

Immunotherapy targets (recommendation category: B;
level of evidence: 1a)

Patients with high levels of PD-L1 expression are
reportedly more likely to respond to immunotherapy (87).
Le et al. demonstrated a positive correlation between
efficacy and mismatch repair-deficient ({MMR)/
microsatellite-instability-high (MSI-H) (88). In 2017, the
US FDA approved pembrolizumab for any solid tumor with
a specific genetic biomarker for MSI-H or dAMMR (89). The
CheckMate 227 study showed tumor mutational burden
(TMB) was a positive marker (90), but the KEYNOTE-189
and KEYNOTE-021 studies presented in 2019 World
Conference on Lung Cancer (WCLC) reported that
TMB did not predict the efficacy of immunotherapy
combined with chemotherapy. POLE/POLD1 mutations
are reportedly associated with a good efficacy of ICI (91).
In addition, tumor neoantigens, tumor infiltrating
lymphocytes, transcriptional features of the immune
response and the microbiome are all reportedly related
to the efficacy of immunotherapy (92). Recently, multiple
studies have focused on factors related to hyperprogression,
such as MDM2/MDM4 amplification, EGFR amplification
and genes at 11q13, such as cyclin D1 (CCNDI), and
fibroblast growth factor (FGF) 3, 4, 19 (93-95).
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PS score and escalation/de-escalation strategies
(recommendation category: B; level of evidence: 3a)

The efficacy and toxicity of different anti-tumor drugs vary.
For patients with severe lung cancer, a low-toxicity, high-
efficacy regimen (or even a combination regimen)—but not
a first-line standard regimen—can be used at first, with the
aim of breaking the vicious cycle between the tumor and
the severe disease status, which is known as an “escalation
strategy”; in contrast, once the disease status has improved,
a more tolerable standard anti-tumor regimen can be
applied according to the patient’s specific situation and
needs, known as a “de-escalation strategy”. The PS score
is used as a stratifying factor for guiding treatment in all of
the currently available guidelines on lung cancer. Patients
with severe lung cancer typically have a poor PS score.
However, PS scores fluctuate and are reversible. Therefore,
patients with severe lung cancer should have their treatment
options chosen according to their PS scores. For patients
with a poor PS score, it is important to identify the etiology
and actively manage any comorbidities and complications.
A low-toxicity and high-efficacy anti-tumor regimen can
be applied at first, and then the anti-tumor regimen may
be adjusted once the PS score has improved. Thus, the PS
score-based escalation and de-escalation strategy refers to
the strategy of escalating or deescalating the use of anti-
tumor regimen according to the efficacies and toxicities
of anti-tumor drugs in patients with different PS scores
on the basis of the treatment protocols recommended by
the currently available guidelines. A recent study has also
suggested that for patients with small cell lung cancer
(SCLC) with poor PS scores, the reasons for the poor scores
should be actively sought out and chemotherapy utilized
at first, followed by immunotherapy once the PS score has
improved (96).

Optimizing combination treatments for increasing efficacy
and reducing toxicity (recommendation category: B; level
of evidence: 1a)

Chemotherapy, radiotherapy, anti-vascular therapy, targeted
therapy, and immunotherapy have different anti-tumor
mechanisms, and all of them have their own advantages
and adverse effects. Appropriate combination therapy can
achieve better efficacy while reducing adverse effects. In
the global phase III IMpowerl50 study, immunotherapy
combined with anti-vascular therapy + chemotherapy was
more effective than anti-vascular therapy + chemotherapy
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in treating NSCLC patients with a high tumor burden,
liver metastases, and positive driver genes (EGFR/
ALK), along with fewer fatal AE (i.e., immune-associated
pneumonia) (97). In another phase III trial (NEJ026)
comparing the effectiveness and safety of erlotinib plus
bevacizumab vs. erlotinib alone, the combination group
displayed better efficacy, and no interstitial pneumonia was
noted in the combination group (98). The combinations of
antiangiogenic agents with EGFR-TKI increase the anti-
tumor efficacy and overcome the resistance of EGFR-
TKI. A recent study compared the efficacy and safety of
a regimen of combining anlotinib and S-1 vs. anlotinib
monotherapy in treating patients with advanced squamous
cell lung cancer having a poor PS scores [2-3]. The
combination group had significantly longer OS, and there
was no grade 3 or higher toxicity (71).

Multidisciplinary participation, and individualized and
comprebensive treatment (recommendation category: A;

level of evidence: 1b)

Patients with severe lung cancer need the participation
of different disciplines, mutual communication and
collaboration, and the development of individualized and
comprehensive treatment. In addition, patients’ active
cooperation is also very important. Bossert ez 4/. interviewed
15 patients with stage IV lung cancer with comorbidities
and found that they believed that patients played an active
role in multidisciplinary treatment (99). A prospective study
showed that compared with conventional preoperative
pulmonary rehabilitation, preoperative multidisciplinary
pulmonary rehabilitation therapy can reduce postoperative
complication rate (48.3% vs. 28.6%, P=0.2428) (100). The
determination of the cause of severe lung cancer, the choice
of anti-tumor treatment, the treatment of comorbidities
and complications, and the implementation of life support
technology all require multidisciplinary participation.
Multiple studies have shown multidisciplinary team (MDT)
approach in the treatment of lung cancer can improve

quality of life and OS rate of patients (101-103).

Consensus 6: application of surgery in patients
with severe lung cancer

Patients with early-stage lung cancer can also have various
other underlying diseases such as cardiopulmonary
comorbidities, which limit the feasibility of conventional
surgery. For patients with early-stage severe lung cancer

Transl Lung Cancer Res 2021;10(6):2633-2666 | https://dx.doi.org/10.21037/tler-21-467



2642

and various comorbidities, a variety of sophisticated
modern testing, examination, treatment, and life support
technologies can be used to ensure successful preoperative
assessment, intraoperative protection, and postoperative
support; meanwhile, a MDT can be engaged to enable
optimal coordination and cooperation among the related
departments including thoracic surgery, anesthesiology,
respiratory and critical care, and nutrition (recommendation
category: B; level of evidence: 2a).

The most common reason for surgery in patients with
early-stage severe lung cancer is lung cancer accompanied
by COPD. Here we describe the application of surgery to
such patients.

Pre-operative assessment

Pulmonary function tests

Pulmonary function tests are of critical importance prior
to lung surgery. The widely recognized contraindications
to surgery include: a predicted baseline forced expiratory
volume in one second (FEV)) of less than 40%; a predicted
postoperative FEV, value of less than 30%; and a predicted
diffusion capacity of the lung for carbon monoxide (DLCO)
of less than 40%.

Ventilation test: pulmonary ventilation is a dynamic
temporal process involving the entry of air into and
carbon dioxide exit from the alveoli. The commonly used
indicators include ventilation at rest, alveolar ventilation,
maximal voluntary ventilation (MVV), timed vital capacity,
and certain flow rate indicators. Clinically, COPD patients
mostly present with obstructive ventilation dysfunction
[i.e., decreased flow rate (the FEV,/FVC ratio)], which
can be classified as follows: mild COPD (predicted FEV /
FVC <70%, FEV, >80%); predicted moderate COPD
(predicted FEV//FVC <70%, 50%< FEV, <80%); severe
COPD (predicted FEV,/EVC <70%, 30%< FEV, <50%);
and very severe COPD (predicted FEV,/FVC <70%,
FEV, <30%). Lung diffusion testing measures how
well the lungs exchange gases. As a measure of alveolar-
capillary membrane functional efficiency, it is important
for detecting early lung and airway lesions, assessing the
severity of the disease and forming its prognosis, evaluating
the efficacy of drugs or other treatments, and identifying
the cause of the dyspnea. Locating the lesions and assessing
the functional operability are highly valuable. The
normal values for DLCO are 28.84+4.84 mL/mmHg/min
for men and 22.13+3.09 mL/mmHg/min for women.
Diffusion impairment can be divided into three levels based
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on severity: mild (predicted >60% but <80%), moderate
(predicted >40% but <60%), and severe (predicted <40%).

In general, patients with mild ventilatory dysfunction can
tolerate single-lobe resection; for patients with moderate to
severe ventilatory dysfunction, the feasibility of lobectomy
should be assessed in a comprehensive manner; for patients
with very severe ventilatory dysfunction or those with
accompanying moderate or severe diffusion dysfunction,
surgery requires extreme caution.

Breathing and nutritional support

Breathing functionality and nutritional support are also
important and necessary. Perioperative physical therapy
can enhance postoperative respiratory function recovery.
Also, a low body mass index (BMI) is associated with
postoperative negative nitrogen balance. There is evidence
that postoperative complications are markedly increased in
patients with a BMI of below 14 kg/m’ (104). A randomized
controlled study showed enteral nutrition plus accelerated
rehabilitation reduced postoperative complications
and improved postoperative recovery, compared with
conventional nutrition therapy (105).

Pharmacotherapy

All lung cancer patients with accompanying COPD can
receive standardized COPD treatment for at least 1 week in
order to improve their lung function. Nebulizers and oral
medications are preferred for pharmacotherapy. The most
commonly used nebulized medications include hormones,
acetylcholine receptor antagonists and B2-agonists;
leukotriene receptor antagonists or theophylline may also
be used; and if necessary, antibiotics should be used to
control chronic inflammation.

Blood gas analysis

The arterial partial pressures of oxygen and carbon
dioxide are also important measures of postoperative
complications, especially in patients who are unable to
cooperate with ventilation and diffusion capacity tests.
Carbon dioxide retention is a more important indicator
than hypoxemia.

Cardiac color ultrasound

In addition to the assessment of cardiac structure and
valve function, cardiac color ultrasound also affords the
ejection fraction (EF) value (50% or higher allows a safe
surgery). The presence of pulmonary hypertension is also a
contraindication to pulmonary surgery.
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Pulmonary ventilation/perfusion scan

Pulmonary perfusion imaging reveals any blood perfusion
in lung tissues, and the commonly used radiopharmaceutical
for this purpose is Tc-labeled macroalbumin (Te-MAA).
Pulmonary ventilation imaging reflects the gas filling the
airways and alveoli. Pulmonary ventilation/perfusion scan
can assist the assessment of split/lobar lung function, thus
determining the local function of the resected lung tissue
and predicting the residual lung function after the surgery.

Pre-operative assessment of functional exercise
capacity

In clinical practice, the stair-climbing test is obviously not
an objective way to measure the cardiopulmonary function
and surgical tolerance in surgical patients. In contrast, the
six-minute walk test (6MWT) has been used to evaluate
the efficacy of therapeutic interventions in patients with
moderate to severe cardiopulmonary disease and to measure
the functional status of patients. It is widely recognized as
a simple, and reliable tool for evaluating cardiopulmonary
function. 6MW'T was officially released by the American
Thoracic Society (ATS) in 2002, along with a comprehensive
guideline (106). The incidences of pulmonary complications
(36.9%), atrial fibrillation (11.5%), and blood transfusion
(9.0%) significantly increased after lobectomy in patients,
with a 6GMWT <500 m, and the average hospital stay was also
up to 7 days (6 days in patients with a 6MWT >500 m) (107).
Similarly, the risk of pulmonary complications increased in

patients with a 6MWT <300 m (108).

Three-dimensional (3D) reconstruction

3D reconstruction of the lungs has been increasingly used
for pulmonary surgery planning, especially during sublobar
resections. Based on preoperative thin-section computed
tomography (CT), 3D reconstruction of lung segments,
pulmonary vessels, and bronchi can display the microscopic
structures in a more intuitive manner (109). In addition, it
allows more detailed measurement of the local lung volume,
which assists in determining the functional loss after lung

surgery.

Intraoperative assurance

Surgical planning

Lobectomy wvs. sublobectomy: anatomic lobectomy is
superior to sublobectomy (segmentectomy or wedge
resection) for patients with stage I NSCLC. However,
many COPD patients have impaired lung function, which
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may affect their ability to tolerate the procedure. Compared
with lobectomy, sublobectomy may result in a significantly
higher rate of local recurrence (110). However, patients who
cannot tolerate lobectomy should only undergo sublobar
resection.

The selection of potential patients eligible for lobectomy
should be based on a series of cardiopulmonary function
tests prior to the surgery: (I) no carbon dioxide retention
is found upon blood gas tests; (II) echocardiography
reveals good cardiac function (with an EF >50%); (III)
pulmonary diffusion capacity must be at least moderate;
(IV) preoperative 6MW'T should be more than grade 2;
and (V) pulmonary ventilation/perfusion scan with 3D
reconstruction of lung tissue is recommended. Preoperative
assessment of lung function in the target area is essential
for surgical planning and outcome prediction and enables
accurate quantitative characterization of ventilation and
perfusion capacity at the lobe or even segment level. If the
tumor is located in a lobe afflicted with severe emphysema,
patients must undergo resection of the lung cancer while
simultaneously removing the poorly functioning lung tissue,
which in turn improves lung function. This phenomenon
is called “the lung volume reduction effect”. For example,
some patients with poor lung function resulting in shortness
of breath can safely undergo pneumonectomy for both
lung cancer and lung volume reduction at an acceptable
level of risk, and the procedure may even improve their
lung capacity (111,112). In another study, upper lobectomy
showed a volume reduction effect, suggesting patients with
a lower preoperative FEV, (% of predicted had a greater
“volume reduction effect” with an increase in FEV, after
upper lobectomy (113).

Intraoperative assessment

Intraoperative hypoxic preconditioning (HPC) or ischemic
preconditioning (IPC) is an important component of the
intraoperative assessment that is performed to determine
the surgical approach. Studies have shown that HPC or
IPC can improve the tolerance of cells, tissues, organs, and
even the organism itself to subsequent severe hypoxia or
ischemia. HPC also improves postoperative oxygenation,
enhances lung function recovery, and reduces the length of
hospital stay (114). During the surgery, it may be feasible to
lower the inhaled oxygen concentration to below 50% while
the operator clamps the pulmonary artery to the target lobe
to block the blood supply. Meanwhile, the oxygenation
index [the arterial partial oxygen pressure (PaO,)/fraction of
inspired oxygen (FiO,)] must be >200 (with no significant
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change in vital signs) for 10 minutes. Lobectomy is
considered safe and feasible if these conditions are met.

Postoperative support

Lung infection

Pulmonary infection and pneumonia are major causes
of postoperative morbidity and mortality. A Cochrane
systematic review of seven randomized controlled trials
highlighted the fact that combined corticosteroid/long-
acting beta2 agonist (LABA) (fluticasone and salmeterol)
increased the risk of pneumonia in COPD patients (115).
Treatment of postoperative pulmonary infections begins
with pathogenic exam of respiratory samples, followed by
assessment for the presence of sepsis and risk factors for
multidrug-resistant pathogens. Then, according to the
results from a drug sensitivity test and the risk factors,
adequate selection of antibiotics and the escalation or de-
escalation principle is required (116).

Persistent air leaks in the lungs

Pulmonary air leak is common in COPD patients, which
may be explained by the fact that the impaired lung
parenchyma and the diminished elastic recoil of the lungs
after emphysema delay the healing of lung tissue (117).
Lobectomy is associated with a higher rate of air leak than
sublobectomy, which may be due to the fact that radical
anatomical resection results in larger soft-tissue damage
and a significantly longer healing time. Thus, in addition to
intensive nutritional support, continuous negative-pressure
suction and intrathoracic injection of adhesives are also
critically important treatments after the surgery.

Atelectasis

Postoperative atelectasis can be treated with airway
clearance techniques, including postural drainage and
coughing, and bronchial suctioning using bronchoscopy or
tracheal catheter as needed (118).

Consensus 7: application of radiotherapy
techniques in patients with severe lung cancer

Radiotherapy is indicated in all stages of lung cancer. For
patients with severe lung cancer, radiotherapy may play the
following three roles: (I) radical radiotherapy for patients
with severe disease who cannot tolerate surgery even in
the early stage; (II) combination of precise radiotherapy
with drugs in patients with locally advanced severe lung
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cancer to achieve the same purpose as radical treatment;
and (III) palliative radiotherapy for patients with advanced
severe lung cancer; its application in special areas can
rapidly improve the severe symptoms, and its combinations
with medical treatments can also benefit patients
(recommendation category: B; level of evidence: 2a).

Radical radiotherapy for patients with severe disease who
cannot tolerate surgery even in the early stages

Surgery remains the standard treatment modality for early-
stage NSCLC. However, radiotherapy is also an effective
treatment for those who cannot tolerate surgery for various
reasons (e.g., advanced age, poor lung function, poor PS
score, or the co-existence of other serious systemic diseases).
One study found that stereotactic body radiation therapy
(SBRT) and sublobar resection had similar 5-year survival
rates in patients with stage I NSCLC who could not tolerate
lobectomy (40.4% wvs. 55.6%, P=0.124) (119). SBRT or
stereotactic ablative radiotherapy (SABR) is significantly
more effective than conventional fractionated radiotherapy,
with a 3-year local control rate of 73-91% and a 3-year
OS rate of 43-60%. SBRT/SABR is the current standard
radiotherapy modality for early-stage NSCLC. Previous
clinical studies have shown that SBRT with a biologically
equivalent dose (BED) of >100-105 Gy achieves better local
control and OS, and a higher dose is associated with better
outcomes. Therefore, the recommended dose of SBRT is to
achieve BED of >100 Gy; however, the organ-threatening
dose and the tolerability of patients should be strictly
evaluated (120-122).

Radical resection is also a standard treatment for early-
stage SCLC (T ,N;M,). As the case for NSCLC, SBRT/
SABR is also recommended for SCLC patients who cannot
tolerate surgical treatment for some reason (e.g., advanced
age, poor lung function, poor PS score, or the co-existence
of other serious systemic diseases), with a recommended
irradiation dose of BED >100 Gy, which can achieve a
3-year local control rate of 96.1% and a 3-year OS rate of
34.0% (123-125).

Radiotherapy for patients with locally advanced severe lung
cancer

Durvalumab as consolidative immunotherapy following
concurrent chemoradiotherapy (cCRT) is the standard
treatment for patients with unresectable advanced NSCLC.
However, cCRT may result in aggravated the toxicities
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and is thus mainly applicable to patients with a PS score
of 0-1, while patients with poorer PS scores [2-4] often
cannot tolerate cCRT. It was found that the incidence of
grade 3—4 toxicities was significantly lower in the sequential
chemoradiotherapy group than the cCRT group (4% uvs.
18%); although the sequential chemoradiotherapy group
had slightly inferior efficacy compared with the cCRT
group, and the 3-year local control rate still reached
28.1% and the 3-year OS rate reached 18.1%. Therefore,
sequential chemoradiotherapy or radiotherapy alone can
be considered for patients with poor PS scores (126,127).
EGFR-TKIs have demonstrated superior efficacy and
safety over chemotherapy in advanced NSCLC patients
with EGFR-sensitive mutations. The combinations of
targeted therapy with radiotherapy are being explored in
patients with EGFR-positive locally advanced NSCLC. A
retrospective study presented at the 2020 American Society
of Clinical Oncology (ASCO) Annual Meeting showed that,
for EGFR-positive locally advanced NSCLC, the median
PFS was 21.6 months and the median OS was 67.4 months
in the EGFR-TKIs + concurrent radiotherapy group,
the median PFS was 16.2 months in the radiotherapy +
sequential EGFR-TKIs group, and the median PFS was
12.7 months in the radiotherapy alone group (128).

Compared with conventional cCRT, radiotherapy
combined with EGFR-TKIs is expected to improve the
outcomes of EGFR-positive unresectable, locally advanced
NSCLC. In terms of prospective studies, a phase III
trial on osimertinib (LAURA) and a phase II study on
icotinib (NCT03396185) are underway and the results are
reportedly promising. Given the superior safety profile of
targeted therapy, this treatment modality is particularly
suitable for patients with severe lung cancer with poor PS
scores.

Palliative radiotherapy in patients with advanced severe
lung cancer

Systemic therapy-based multidisciplinary treatment is the
standard treatment for advanced lung cancer. For patients
with severe lung cancer with poor PS scores, the values
of radiotherapy mainly lie in: (I) palliative radiotherapy
for local lesions to improve patients’ PS scores; and (II)
increasing the control rate of local lesions and improving
survival when systemic treatment is effective.

The central nervous system (CNS) is a common metastasis
site of lung cancer, especially for patients with positive driver
gene mutations. Brain metastases are a serious threat to
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patients’ lives. Radiotherapy for brain metastases helps to
control lesions, improve symptoms, and prolong survival.
The most appropriate radiotherapy technique should be
selected according to the pathological type of the malignancy,
the number and extent of the brain metastases, and the
distance to the threaten organs. Compared with whole-brain
radiotherapy (WBRT), stereotactic radiosurgery (SRS) has
the characteristics of a more precise localization, higher local
dose, less damage to surrounding tissues, and less serious side
effects, and thus in the preferred brain radiotherapy technique
for patients with severe NSCLC. In particular, for patients
with small brain metastases (maximal diameter of up to 3 cm)
and of limited number (<4), SRS is preferred. The JLGK0901
study found that SRS alone in the treatment of patients
with 5-10 metastases is equivalent to 2—4 metastases (129).
Compared with SRS alone, the combination of SRS
and WBRT can reduce the probability of intracranial
recurrence, but it has no benefit in improving long-term
survival and increases the risk of cognitive impairment (130).
Therefore, for patients with a limited number of metastases
(<10), SRS alone is the preferred local treatment. If the
lesions are adjacent to vital centers, hypofractionated
SRS may be considered to further reduce the side effects
(131,132). SCLC has a high propensity to metastasize into
the brain due to certain biological features, and therefore
WBRT is recommended for SCLC patients. For those
with oligometastases, SRS used as boost irradiation on the
basis of WBRT can be considered to improve local control
rate (133,134). In addition, brain necrosis and edema after
radiotherapy for brain metastases, especially SRS, are also
clinical issues. Li et 4/. reported that the biologically effective
doses and gross tumor volume (BED x GTV) can effectively
indicate the time interval and edema range of brain necrosis
after radiotherapy, which can be used to guide the use of
bevacizumab (135).

Meningeal metastatic carcinoma is the spread of tumor
cells in the circulating cerebrospinal fluid, and deposits
form on the surface of the meninges and nerve roots,
resulting in the absorption of cerebrospinal fluid. This
causes a series of serious clinical symptoms, such as high
intracranial pressure, mental change, abnormal gait,
cranial nerve paralysis and secondary epilepsy. Meningeal
metastases are often more threatening to patients’ lives than
brain parenchymal metastases. The diagnosis of meningeal
metastasis depends on magnetic resonance imaging (MRI)
and cerebrospinal fluid cytology. WBRT can improve the
symptoms of patients with meningeal metastatic carcinoma
and even afford survival benefits to some patients (136).
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Local high-dose radiotherapy can also be considered
for mass meningeal metastases. A ventricle-abdominal
shunt can effectively alleviate the symptoms of the high
intracranial pressure caused by meningeal metastatic
carcinoma and promotes the smooth completion of WBRT.
Intrathecal chemotherapy (e.g., pemetrexed) can solve the
problem of the low intracranial blood drug concentration
caused by peripheral intravenous administration due to
the obstruction of the blood-brain barrier. In addition,
Ommaya capsule implantation can effectively increase
the blood concentration of cerebrospinal fluid and also
provides a convenient, minimally invasive and continuous
administration route for regular intrathecal chemotherapy.
Palliative radiotherapy for other sites includes but is not
limited to: (I) treatment of bone metastases, where it helps
to relieve local pain and lower the incidence of bone related
events such as pathological fractures and paraplegia; (II)
treatment of hemoptysis in patients with central lung
cancer accompanied by poorly controlled hemoptysis,
palliative radiotherapy can help to stop hemorrhaging after
the site of bleeding is clearly identified by endoscopic or
radiological techniques; and (III) treatment of superior vena
cava (SVC) syndrome: SCLC often presents as a centrally
located mass that is often combined with SVC syndrome,
which decreases patient quality of life. Hyperfractionated
radiotherapy can be used to rapidly relieve the obstruction
and alleviate the relevant symptoms.

When the tumor is controlled after systemic therapy,
local radiotherapy for residual primary and/or metastatic
lesions may achieve prolonged disease control and survival
(137-139). Results of a phase II study in a Chinese NSCLC
population published in 2015 showed that patients who
received palliative radiotherapy for primary lesions in the
chest had a 1-year local control rate of 78.8%, a median
PFES of 9.0 months, and a median OS of 13.0 months (140).
Palliative radiotherapy for metastases is also expected to
prolong survival in patients with NSCLC. The results of
a phase II study published in 7 Clin Oncol in 2019 showed
that palliative radiotherapy for metastases significantly
prolonged PFS (14.2 vs. 4.4 months, P=0.022) and OS
(41.2 vs. 17.0 months, P=0.017) in NSCLC patients when
systemic therapy was effective (141,142).

Consensus 8: application of interventional
techniques in patients with severe lung cancer

Interventional techniques for lung tumors can be applied via
the airway, chest wall, or blood vessels. Lung cancer patients
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can undergo a variety of acute and critical conditions such
as large airway obstruction, acute pulmonary embolism, and
hemoptysis. Proper interventional techniques can rapidly
alleviate or control these clinical symptoms and improve
PS scores, thus making other anti-tumor therapies possible
and even achieving a cure for some specific types of lung
cancers (143,144). (Recommendation category: B; level of
evidence: 2a).

Interventional treatment of central airway obstruction

(CAO)

Clinically, lung cancer-related CAO (which can be divided
into endogenous, exogenous, and mixed types, depending
on the tumor cell infiltration of the airway) can range from
asymptomatic to life-threatening, and interventional therapy
can rapidly alleviate symptoms and create opportunities
for subsequent treatment in critically ill patients. The
endogenous type can be treated by mechanical resection or
ablation (including electrocoagulation/electrocision/loop
electroexcision procedure, laser, argon plasma coagulation,
photodynamic therapy, and cryotherapy). For the
exogenous type, intervention techniques include dilatation
and stent implantation. In certain patients, combinations
of several different types of intervention are often used. In
particular, the interventional techniques may be applied
in combination with brachytherapy to achieve long-term
benefit. With the participation of anesthesiologists, tracheal
intubation and mechanical ventilation ensure a smooth and
safe interventional treatment; during the operation, both a
rigid bronchoscope and flexible endoscope are used to take
advantage of their own particular advantages (145-148).

Interventional treatment of peripheral lung cancer

Most peripheral types of severe lung cancer are
associated with old age, frailty, and poor lung function.
Transbronchial biopsy and treatment techniques are being
developed for early-stage peripheral lung cancer (149).
Percutaneous interventional techniques are relatively more
mature and have more clinical evidence of effectiveness

and safety (150-152).

Interventional treatment of hemoptysis in patients with
lung cancer

Hemoptysis, a common symptom of lung cancer, can occur
before diagnosis and during treatment. Life-threatening
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hemoptysis may occur in a small proportion of lung cancer
patients (153). Bronchial artery embolization is usually
the preferred option for hemoptysis, with a success rate of
60-90%. Transbronchial intervention techniques (including
stenting) are also options (154).

Interventional treatment of SVC syndrome

The incidence of SVC syndrome is 2-4% in lung cancer
patients and up to 10% in SCLC patients (155). When
SVC syndrome causes laryngeal and cerebral edema and
hemodynamic instability, urgent endovascular stenting is
required (156).

Consensus 9: application of anti-tumor drugs in
patients with severe lung cancer

Drug treatment is not contraindicated in all patients with
severe lung cancer, and the key consideration is how to
precisely use the selected drugs to achieve high efficiency
with low toxicity. Currently, the medications for lung
cancer mainly include chemotherapy, targeted therapy,
antiangiogenic therapy, and immunotherapy. For targeted
therapy, clinical studies have been carried out in patients
with PS 0-3; for chemotherapy, antiangiogenic therapy,
and immunotherapy, clinical studies have been conducted
mainly in patients with PS 0 or 1, with only a small amount
of data from patients with PS 2.

Chemotherapy

Clinical evidence for the use of platinum-based double
agents in advanced NSCLC with a PS score of 2
(recommendation category: A; level of evidence: 1a)

In a meta-analysis of 12 randomized studies performed
in NSCLC patients with PS 2 (4 dedicated to PS 2 and
8 stratified patients with PS 2), the platinum-based dual-agent
combination group had a significantly higher survival benefit
over the single-drug group [HR =0.71, 95% confidence
interval (CI): 0.61-0.81] (157). Another meta-analysis also
confirmed that dual-agent chemotherapy significantly
improved OS (HR =0.72; 95% CI: 0.61-0.84; P<0.0001) and
improved 1-year survival over single-drug chemotherapy,
although the grade 3 to 4 hematologic toxicities also
increased (158). An article summarizing 10 clinical studies
reported a benefit of pemetrexed plus platinum in NSCLC
patients with PS 2 over pemetrexed alone in both PFS
(HR =0.46; P<0.001) and OS (HR =0.62; P=0.001) (159).
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A recent study showed that carboplatin combined with
albumin-bound paclitaxel also had good efficacy (median
PFS: 5.2 months; median OS: 14 months) (160). For
advanced NSCLC patients with a PS of 2, platinum-
containing dual-drug chemotherapy is an option, but patient
tolerability needs to be considered.

Clinical evidence of chemotherapy for advanced
NSCLC patients with a PS of 3 or 4 (recommendation
category: B; level of evidence: 2b)

A phase II randomized controlled study comparing
gemcitabine (1,250 mg/m’, days 1 and 8) vs. gemcitabine
(200 mg/m’, day 1) plus cisplatin (60 mg/m’) in the
treatment of advanced NSCLC with a PS of 2 or 3 (75.9%
had a PS score of 3) found that the low-dose combination
chemotherapy was more effective than the single-agent
chemotherapy (median PFS: 3.8 vs. 5.6 months; median OS:
4.3 vs. 6.8 months) and had fewer adverse effects (161). A
retrospective study (66) included 96 patients with advanced
NSCLC with PS >2 who received chemotherapy, of
whom 33.5% had a PS score of 3 or 4. The most common
chemotherapy regimen used was a combination of weekly
paclitaxel (60 mg/m®) and carboplatin (AUC 2) in 57.8%,
followed by pemetrexed 500 mg/m’ plus carboplatin (AUC
5)/cisplatin every 3 weeks (16.8%) and paclitaxel alone
(13.6%). Data analysis showed an overall response rate
(ORR) of 20%, a disease control rate (DCR) of 48.42%,
and a median PFS of 6.3 months; univariate analysis
suggested that weekly paclitaxel plus carboplatin was
associated with prolonged PFS, and 45.26% of the patients
had an improved PS score during chemotherapy compared
to baseline. However, there is little clinical evidence for
chemotherapy application in NSCLC patients with a PS
of 3 or 4 has been available. Most of these studies were
retrospective studies, and there was a lack of prospective
clinical research.

Clinical evidence of chemotherapy for advanced SCLC

patients with a PS of 3 or 4 (recommendation category:
A; level of evidence: 1a)

For extensive SCLC patients with a PS score of 3—4 caused by
SCLC, the treatment recommended by the major guidelines
is similar to that with a PS score of 0-2. However, it is
necessary to combine various factors and carefully choose
the chemotherapy regimen, such as choosing a single drug
or a reduced dose combination treatment. For poor PS
scores caused by non-SCLC, the guidelines recommend
the best supportive treatment. However, a retrospective
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study showed that chemotherapy significantly prolonged
the survival of SCLC patients with a PS of 3 or 4 compared
with best supportive treatment (162). There are also
relatively few clinical studies on these patients.

Targeted therapy

Clinical evidence for EGFR-TXKIs in advanced NSCLC
patients with a PS >2 (recommendation category: A;
level of evidence: 1b)
One study demonstrated good efficacy and good tolerability
of gefitinib in treating advanced NSCLC patients with
EGFR mutation and PS >2 (163). A retrospective study
performed in super-elderly NSCLC patients (aged >85 years)
with a PS score of 3—4 showed gefitinib had a greater OS
benefit than best supportive care (4.6 vs. 2.3 months) (164).
In a retrospective analysis, in patients with first or second
generation TKI resistance and EGFR T790M mutation-
positive NSCLC with PS scores of 2-4 who were treated
with osimertinib, the ORR was 53% (95% CI: 36-70%),
the PS score improvement rate was 63%, and the median
PFS was 8.2 months. In addition, the treatment was well
tolerated (165). Similarly, osimertinib also appears to be
effective (median PFS: 7.0 months; median OS: 12.7 months)
in a recent phase II trial enrolling 18 patients with T790M-
mutated NSCLC with PS >2, and it improved the PS score
in 72% of the patients (166).

For EGFR-positive patients with a PS >2, EGFR-TKI
monotherapy remains the preferred regimen, and TKI
combination therapy is currently less well documented.

Clinical evidence of ALK-TKIs for advanced NSCLC
patients with PS >2 (recommendation category: A; level
of evidence: 1b)

A case report (n=5) suggested a promising efficacy for
crizotinib in the treatment of advanced ALK rearrangement-
positive NSCLC patients with a PS >2 (167). In another study,
patients with advanced ALK rearrangement-positive NSCLC
and a PS of 2 to 4 received alectinib, which yielded an ORR
of 72.2%, a PFS of 10.1 months, and a PS improvement
rate of 83.3% (168). The updated data showed that the
median PFS reached 16.2 months, the median OS reached
30.3 months, and the 3-year survival rate was 42% (169).
A real-world study in Japan showed, after alectinib treatment,
the OS was significantly shorter in patients with a PS score
>2 than those with a PS score <1; however, the adverse
reaction rates were similar, suggesting patients with poor PS
scores could nonetheless tolerate alectinib (170).
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Thus, ALK-TKIs may be a new option for ALK
rearrangement-positive NSCLC patients with a PS >2, but
is has only been explored in few clinical trials and deserves
further verification in larger studies.

Angiogenesis inbibitors (recommendation category: B; level
of evidence: 1b)

A randomized phase II trial of pemetrexed, pemetrexed/
bevacizumab, and pemetrexed/carboplatin/bevacizumab
in patients with advanced NSCLC and a PS of 2 showed
that the PFS was 2.8, 4.0, and 4.8 months, respectively,
and the ORR was 15%, 31%, and 44%, respectively, in
these three groups (171). In a study with 92% of patients
enrolled having PS of 2, the combination of erlotinib and
bevacizumab also showed good efficacy and tolerability
for recurrent NSCLC (172). A retrospective study showed
that in the subgroup with a PS score of >2, the HR for
both PFS and OS was 0.47 in the bevacizumab combined
with carboplatin + paclitaxel group compared to the
chemotherapy alone group, although the difference was not
statistically significant (173). Recently, one of our studies
showed that, for patients with advanced squamous lung
cancer with a PS score between 2 and 3 after failed second-
or later-line systemic therapy, anlotinib plus S-1 prolonged
survival compared with anlotinib alone (71).

Angiogenesis inhibitors have no specific PS score
requirement and can be used as transitional options for
patients with poor PS scores, and a new treatment regimen
may be initiated after the PS score has improved.

Immunotberapy (recommendation category: B; level of
evidence: 1b)

The OS was shorter in PS 2 patients compared with PS
0 or 1 patients in CheckMate 153 (174) and CheckMate
171 (175), which included patients with advanced NSCLC
treated with nivolumab, although the incidence of toxicities
was comparable. In a clinical trial on NSCLC patients
treated with pembrolizumab, the efficacy was similar
between patients with NSCLC of PS 2 and those with
PS 0 or 1 (regardless of PD-L1 expression), and no novel
AE was observed (176). However, there were also studies
performed in patients with PS 2 in which immunotherapy
was ineffective (177,178). Such data suggests that lung
cancer patients with PS 2 are highly heterogeneous. It
was found that patients with a PS of 2 as determined by
comorbidities had significantly better outcomes compared
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with disease burden-induced PS 2 (179). Friedlaender
et al. also proposed that, for SCLC patients with a poor
PS score, the cause of the poor PS should be evaluated;
immunotherapy might also be applied in SCLC patients
with a PS of 2 after efficacy prediction (96). This is well
in line with our treatment strategy. A case of a patient
with a PS score of 3 and recurrent pulmonary infections
due to CAO. The patient received combination therapy
including endoscopic recanalization of central airway
followed by immunotherapy, which reduced tumor lesions
and improved the PS score (180). Case reports have shown
that immunotherapy was also effective in patients with a PS
of 4 (181,182). Nevertheless, the role of immunotherapy
in patients with poor PS scores needs to be further
investigated. Many studies of atezolizumab in treating
elderly patients with advanced lung cancer have confirmed
that the therapeutic benefits were similar between patients
older than and younger than 65 years of age (183,184);
meanwhile, no novel AE was noted, and the side effects
were basically predictable and manageable. Furthermore,
many studies evaluating the efficacy of immunotherapy in
patients with PS scores >2 are in progress (185,186), with an
attempt to further clarify the survival benefits and clinical
value of immunotherapy in patients with severe lung cancer.

Consensus 10: application of life support
techniques in patients with severe lung cancer

Tumors originating in the lungs are often accompanied by
other severe diseases. It is well known that the heart and
lungs are the most important life-sustaining organs, and
the failure of these two organs typically signals the end of
life. While heart cancer is rare, lung cancer is one of the
most common cancers worldwide. Therefore, life support
including but not limited to the use of respiratory support
techniques for patients with severe lung cancer is vital
(recommendation category: B; level of evidence: 2a).

Appropriate respivatory support

The appropriate respiratory support techniques should
be selected based on the patients’ respective conditions.
Patients with severe lung cancer have a poor systemic status,
and most of them also have poor lung compliance and are
prone to hypoxemia or even respiratory failure. The main
causes are diverse, mainly including: severe pneumonia,
cardiogenic or non-cardiogenic pulmonary edema, lung
injury caused by anti-tumor therapy (radiotherapy, targeted
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therapy, immunotherapy, etc.), aggravation of underlying
diseases (e.g., COPD and ILD), and tumor complications
(pulmonary embolism, airway obstruction, pleural effusion,
pericardial effusion, etc.) (187). Respiratory failure
may also occur postoperatively as a result of conditions
such as atelectasis, pneumonia, pulmonary edema, and
bronchopleural fistula (188).

At admission, patients with severe lung cancer should
receive routine blood gas tests, assessment of respiratory
function, and aggressive oxygen therapy with a nasal cannula
or face mask to maintain an oxygen saturation level of
94-98%. Based on the results of blood gas analysis and
oxygenation monitoring, patients should be promptly judged
to have respiratory failure (or not), and the timing of non-
invasive and invasive ventilation should be carefully evaluated.
The non-invasive ventilator ensures the quality of ventilation
and can also set a balanced ratio of the spontaneous breaths
according to the actual physical condition. It is better than
the conventional oxygen inhalation in relieving dyspnea and
can reduce the probability of intubation and the incidence of
complications (189,190).

Supportive treatinent of other vital organs

Severe lung cancer can be associated with various types
of organ dysfunction or even multi-organ failure. It is
important to assess organ function in a timely manner,
monitor intake/output, natriuretic peptide, cardiac enzyme
profile, electrolytes and liver and kidney function, and
perform electrocardiography and cardiac ultrasound in
patients with severe lung cancer. Possible causes and triggers
should be actively removed or mitigated and symptomatic
supportive treatment of vital organs provided (e.g., heart,
liver, kidney and brain) as soon as possible to prevent further
deterioration. It is also necessary to correct electrolyte
disorders and enhance fluid management to prevent
hypovolemia or fluid overload. Supportive therapy with
multiple devices (e.g., intra-aortic balloon counterpulsation,
liver replacement therapy, renal replacement therapy, etc.)
or tubes (nasogastric tube, urinary catheter, central venous
catheter, etc.) may be considered in critically ill patients.

Appropriate local therapy

Malignant pleural effusion and pericardial effusion should
be effectively drained. Tumor-induced tracheal obstruction
can be relieved by interventional techniques. Body position
can be adjusted so as to promote the drainage of respiratory

Transl Lung Cancer Res 2021;10(6):2633-2666 | https://dx.doi.org/10.21037/tler-21-467


https://www.sciencedirect.com/science/article/pii/S1525730420301054?via=ihub#!

2650

secretions. Bedridden patients should be regularly turned
and patted to avoid choking and mis-aspiration. Sputum can
be aspirated at the bedside using a fiberoptic bronchoscope.

Appropriate nutritional support therapy

Nutritional support is essential to optimize the health
status of lung cancer patients and maximize their ability to
complete long-term cancer treatment. Studies have shown
that 34.5-56.4% of lung cancer patients have malnutrition
(191-193). Malnourished cancer patients have a reduced
quality of life, a poorer prognosis, and a higher incidence
of postoperative complications than well-nourished
patients (194,195).

Patients with severe lung cancer should be screened
regularly for the risk for the presence of malnutrition.
According to the ESPEN guidelines (196), patients should
firstly be counseled on diet, and those who can eat should
be encouraged to consume adequate energy (target energy
intake: 25-30 cal/kg; protein intake is recommended to be
1.0-1.5 g/kg/d), and nutritional supplements can be added;
for patients with feeding difficulties, enteral nutrition is
preferred; and when nutritional needs cannot be met or
enteral nutrition is contraindicated, parenteral nutrition
can be selected. Supplementation of micronutrients can
also be helpful, and an individualized nutrition regimen is
recommended.

Active anti-infective treatment

Most lung cancer patients have chronic underlying diseases
(e.g., COPD and bronchiectasis) and poor nutritional
status and are affected by anti-tumor treatments (e.g.,
chemotherapy, radiotherapy, immunotherapy, and surgery),
which lead to decreased immunity and/or damaged lung
structure. As a result, these patients are more likely to
suffer from respiratory tract infections (197,198). In
immunocompromised lung cancer patients, delayed
anti-infective therapy increases the risks of secondary
complications and infection-related death (199). Therefore,
patients with severe lung cancer with co-existing infection
should be given proper initial empirical antimicrobial
therapy immediately. Specimens for culture must be
collected prior to the administration of antimicrobials.
Based on the clinical and epidemiological features, the
antimicrobial regimen should be tailored to cover all of
the likely pathogens. When the causative organism is not
identified, broad-spectrum antibacterials (e.g., B-lactams/
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enzyme inhibitors, third-generation cephalosporins/enzyme
inhibitors, and carbapenems) are recommended. If there are
obstructive cavity and poor drainage, which are more likely
to be accompanied by anaerobic infection, the antibiotics
selected should cover anaerobic bacteria; if routine
antibiotic therapy fails, empirical antifungal therapy should
be used as soon as possible, while also paying attention to
the presence of any possible viral infection.

Timely anticoagulation therapy

Research has shown that patients with lung cancer
combined with pulmonary embolism who do not undergo
anticoagulation have a higher mortality rate than those
treated with anticoagulants (78). The ASCO guidelines
have recommended prophylactic anticoagulation in patients
with malignancies who are at risk of VTE with a low risk
of bleeding (200). Therefore, we recommend aggressive
anticoagulation for patients with a confirmed VTE or risk
of VI'E. Based on the recommendations proposed by the
International Society on Thrombosis and Haemostasis
(ISTH) (201), the British Committee for the Standards
in Haematology (BCSH) (202), and the ASCO (203),
our anticoagulation strategies in lung cancer patients are
as follows: for patients with cancer-related VTE with
platelet counts above 50x10°/L, full-dose anticoagulation
is recommended; for patients with platelet counts between
25x10°/L and 50x10°/L, half-dose anticoagulation is
acceptable; and for patients with platelet counts below
25x10’/L, anticoagulation is not recommended.

Pulmonary rebabilitation

In patients with lung cancer combined with COPD,
preoperative pulmonary rehabilitation training can improve
postoperative lung re-expansion and reduce postoperative
complications (204-206). Postsurgical rehabilitation programs
in patients surgically treated for lung cancer are also beneficial
to improve the quality of life (207). Multidimensional exercise
intervention can also improve physical and functional capacity,
anxiety, and depression in patients with advanced-stage lung
cancer (208,209). Pulmonary rehabilitation includes exercise,
education, nutritional support, and psychological support (210).
Therefore, pulmonary rehabilitation requires multidisciplinary
collaboration and joint efforts.

In conclusion, with the help of supportive care and anti-
tumor treatment on the basis of dynamic clinical patients’
assessment and precise molecular testing, patients with
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severe lung cancer are likely to achieve survival benefit,
and improve PS score and their quality of life. Clinicians
should pay close attention to severe lung cancer, search
for its cause, and combine the results of precise detection
and multidisciplinary opinions to provide individualized
and comprehensive treatment for patients with severe
lung cancer. We hope that this consensus will help in the
treatment of severe lung cancer and encourage further
research in this field.

Questions to be further discussed and
considered

Do you think it is valuable for advanced lung cancer
patients with PS score of 3—4 and gene driven negative to
receive anti-cancer treatment?

Expert opinion: Dr. Alfonso Fiorelli

I believe that anti-cancer treatment may be valuable in selected
patients with advanced lung cancer patients with PS score
of 3-4 and gene driven negative. Due to better tolerance of
immunotherapy compared with cytotoxic chemotherapy, it
may lead to more liberal use in this subgroup of patients.

Expert opinion: Dr. Francesco Petrella

I think it would be a valuable option considering
immunotherapy in stage IV younger patients without any
immune system disease, although with PS score of 3-4.
Combined chemo-radiotherapy—that should consider in stage
IIA/IIIB unresectable patients in good clinical conditions—
could be questionable in PS 3—4 patients; in this group of
patients, palliative radiotherapy and best support care could be
taken into consideration, thus avoiding chemotherapy.

Expert opinion: Dr. Hitoshi Igai

No, I don’t, because any treatment has the possibility of
deteriorating the patient status except for radiation therapy
or immunotherapy.

Expert opinion: Dr. Nikolaos Tsoukalas

In my opinion for this specific clinical scenario probably
any anti-cancer treatment would not be valuable. Maybe we
could think immunotherapy in patients with PS 3 and very
high expression of PD-L1 or chemotherapy in patients with
PS 3 and SCLC.

Expert opinion: Dr. Piergiorgio Solli
(I) Personally, I feel that any attempt should be done
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before giving up with anti-tumour therapies; in every
case of lung cancer patient, even in PS 3-4. This
should be seen as a continuous process, moving from
assessing suitability for targeted or anti-angiogenic
therapies and immunotherapy firstly then considering
also conventional chemo, aiming to minimizing
toxicity with low dose single-agent or combination
regimen. Main goal should remain improvement in
PS rather than prolonging survival or PFS.

(II) I am aware—as clearly stated in the manuscript—
that there is lack of literature evidence and studies
are few and retrospective in nature. Still, due to the
development of medical technology and to current
knowledge, we nowadays experience that some of
these patients can benefit for anti tumour conventional
chemotherapy if it is adequately tailored to their
specific clinical case.

Toxicity can be kept under control in most of the
cases and the vast majority of co-morbidities can be
counteracted and improved.

(III) There is a general restriction to this in my opinion,
that are some of the severe cardiological associated
disease (severe myocardial infarction with very
depressed EF or important dilated cardiomyopathy).

(IV) These conditions might significantly impair the
situation itself and have a higher impact on survival
than lung cancer, often making impossible any chance
of attempted cure.

Expert opinion: Dr. Rossana Berardi
I think that it could be valuable in selected cases of patients
with PS score of 3-4.

Expert opinion: Dr. Sara Bravaccini
Yes (but only for specific cases).

Expert opinion: Dr. Satoshi Watanabe

Yes. SCLC patients with poor PS due to tumors should be
treated with chemotherapy. Also, NSCLC patients with
treatable complications, such as bacterial pneumonia and
massive pleural effusion, should be treated.

Expert opinion: Dr. Taichiro Goto

This decision, of course, depends on the health condition
of the patients, but I think PS score can be improved by the
treatment in some cancer patients, especially if the patient’s
PS is closely associated with the tumor progression. In such
recoverable PS cases, the treatment can be more aggressive
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than conventional ones.

Expert opinion: Dr. Takeo Nakada

This is a problem that requires careful judgment about
the indications for treatment. If the decreased PS is clearly
caused by the progression of the cancer, we consider
aggressive treatment if the patients and their family fully
understand and approve the increased likelihood of death
associated with the treatment. Proper communication is
essential to treat. However, I don’t think it is indicated for
the elderly or patients with complex comorbidities.

Expert opinion: Dr. Yoshinobu Ichiki

No. I think that anti-cancer treatment is generally not
indicated for patients with advanced lung cancer of PS 3-4
who are negative for driver gene mutation. Since clinical
trials of cytotoxic anticancer agents and ICIs are mainly
conducted with good PS (PS 0-1), there is little evidence
of poor PS cases, and the safety is unknown. I think that
careful judgment is required so that drug therapy does not
shorten the life span.

Expert opinion: Dr. Yuichi Saito

I think it is reasonable for physicians to consider the
consensus for poor PS patients with not only advanced but
also early-stage lung cancer.

Expert opinion: Dr. Yuki Kataoka

The answer from a medical point of view is almost “no”.
But in some cases, for example SCLC, and anecdotal
episodes of ICIs, I sometimes provide treatment based on
sufficient informed consent.

Do you agree that there is a significant difference between
severe lung cancer and end-stage lung cancer?

Expert opinion: Dr. Alfonso Fiorelli

I fully agree. Generally, end-stage lung cancer is referred
to patients who do not benefit of any specific treatments
except palliative care to alleviate symptoms. A patient refers
to the hospice may be an example of patient with end-stage
of lung cancer. The goal of treatment in these subsets of
patients is “to not prolong the survival but to improve the quality
of survival” through palliative care. By contrast, patients
with severe lung cancer should be referred to the hospital in
order to undergo multimodality treatments. The goal is “zo
improve the clinical condition of these patients so that they become
fit to receive additional treatments to prolong survival”.
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Expert opinion: Dr. Francesco Petrella

According to the description in the paper and to previous
reports, I agree on the difference between “severe” and
“advanced lung cancer”. In particular, considering that the
definition of “severe lung cancer” relies on performance
status, we may define as severe lung cancer patients those
presenting with early-stage lung cancer and impaired
clinical conditions.

Expert opinion: Dr. Hitoshi Igai

Yes. I consider that severe lung cancer means the patient
with severe comorbidities while end-stage lung cancer
means that the patient is in the severe status due to
the progression of the cancer and there is no effective
treatment.

Expert opinion: Dr. Nikolaos Tsoukalas

Yes, I totally agree that these two clinical scenarios
(severe lung cancer or end-stage lung cancer) are
different. In particular, they have different treatment
options (in severe lung cancer we can offer some anti-
cancer treatments such as chemotherapy, targeted
therapies, immunotherapy, radiotherapy or combinations
but in end-stage lung cancer we should offer only best
supportive care) and prognosis.

Expert opinion: Dr. Piergiorgio Solli

(D) I totally agree. It is a pioneer concept but truly linked
with our routine daily practice. “End stage”—n my
personal feeling—refers to an advanced disease that
cannot be modified with any therapies. “Severe” refers
rather to the setting (PS 3 or 4) that is determined not
(not only) by the advanced stage of the lung cancer
but to a miscellanea of conditions having an impact on
performance status.

(II) ‘This can be modified in the vast majority of patients
and thus—while the first group (end stage) do not have
any chance (few chances) of cure, the second (severe)
can benefit from a combination of multidisciplinary,
individualized and specific treatment including the full
armamentarium of anti-tumour therapies (systemic,
surgery, radiotherapy) and thus making a tailored
treatment a viable option in an improved context (sort
of combination of rehab + therapy).

(III) Moreover “severe” should be intended as a dynamic
(not static) condition, because several lung cancer
patients, regardless the initial stage of the disease,
might fluctuate from PS 0-1 to PS 2—4 and therefore
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became “simply” an early or advanced stage or a
severe lung cancer case. How to deal with these
cases, providing punctual and effective treatment, has
become a very challenging real-world research topic.

Expert opinion: Dr. Rossana Berardi
I do agree.

Expert opinion: Dr. Sara Bravaccini
Yes. I do agree.

Expert opinion: Dr. Satoshi Watanabe
Yes. I do agree.

Expert opinion: Dr. Taichiro Goto
I totally agree with the new concept of severe lung cancer,
which is by definition different from end-stage lung cancer.

Expert opinion: Dr. Takeo Nakada

Yes. I do agree. Severe lung cancer and end-stage lung
cancer should be clearly distinguished. I think that severe
lung cancer is indicated for aggressive treatment, but end-
stage lung cancer is indicated for only palliative treatment.
Palliative treatment may be required for both lung cancers.
Palliative treatment includes symptomatology management
focused on providing comfort and dignity.

Expert opinion: Dr. Yoshinobu Ichiki

Yes. I think there is a difference between severe lung cancer
and end-stage lung cancer. The prognosis of severe lung
cancer is determined by the disease status that lowers its
PS score and the degree of lung cancer progression. If the
disease status that lowers PS can be controlled, aggressive
lung cancer treatment may be possible. On the other hand,
end-stage lung cancer is always advanced, and although
palliative care is possible, cancer treatment is considered
difficult.

Expert opinion: Dr. Yuichi Saito

I finally understand what you want to advocate. However,
it may be difficult to do it at first glance. So, I recommend
you to explain the definition enough at the beginning of this
manuscript.

Expert opinion: Dr. Yuki Kataoka

I believe that the situation is different between when the
patient was diagnosed and when heavily treated.
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With the development of medical technology at this
stage, the best supportive treatment is not the only choice
for patients with severe lung cancer. Do you agree that
individualized anti-tumor treatment can prolong the
survival of some patients with severe lung cancer

Expert opinion: Dr. Alfonso Fiorelli

I agree that individualized anti-tumor treatment can
prolong the survival of some patients with severe lung
cancer (see examples reported in question 5 reply).

Expert opinion: Dr. Francesco Petrella

I agree on this point; ideal candidates would be patients
expressing gene-driven mutations or younger patients
eligible to immunotherapy in advanced stages. Moreover,
early-stage patients with impaired clinical conditions
could be considered for limited resection or palliative
radiotherapy on a case-by-case approach.

Expert opinion: Dr. Hitoshi Igai
Yes, I agree.

Expert opinion: Dr. Nikolaos Tsoukalas

Yes, I totally agree with this statement. Nowadays, of course
we can offer some anti-cancer treatments in our patients
with severe lung cancer apart from best supportive care. We
should individualize the treatment plan for each patient with
sever lung cancer and can offer some anti-cancer treatments
such as chemotherapy, targeted therapies, immunotherapy,
radiotherapy or combinations.

Expert opinion: Dr. Piergiorgio Solli

(I I totally agree. Anti-cancer therapies + life support
strategy + comorbidities management + dealing with
complications should be seen as a synergic mechanism
and do not conflict with each other. Many examples
are available in clinical practice.

(II) Patient with SCLC might have life-threatening
conditions (SVC syndrome, severe respiratory failure,
others) and can benefit not only from the treatment
of the critical disease but also from the cure of the
oncological disorder. These two effects are mutual
and empower the final result.

(III) The same applies to some of the haematological
malignancies.

(IV) Best supportive therapy should be applied nowadays
to a very minority of cases and only at the end of
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the pathway of lung cancer cases. At time of initial
diagnosis there are many options, even for patients
with compromised performance status.

Expert opinion: Dr. Rossana Berardi
I do agree, in selected patients.

Expert opinion: Dr. Sara Bravaccini
Yes. I do agree.

Expert opinion: Dr. Satoshi Watanabe
Yes. I do agree.

Expert opinion: Dr. Taichiro Goto

I agree with the authors. In this era of “Precision Medicine”,
diagnosis and treatment strategy to the lung cancer has
been evolving dramatically in the field of circulating tumor
DNA (ctDNA), liquid biopsy, gene sequencing, tumor
mutation burden, genome profiling, and so on. Nowadays,
individualized treatments can be devised and applied
strategically and meticulously to the patients with severe
lung cancer, while they are being validated in some ongoing
studies.

Expert opinion: Dr. Takeo Nakada

I agree with this point. Certain treatments (such as TKIs)
are expected to improve quality of life and prognosis
in patients with positive driver mutations. Cytotoxic
chemotherapy remains an integral part of cancer treatment.
Clinicians should carefully select their patients.

Expert opinion: Dr. Yoshinobu Ichiki

Yes. I think that there are lung cancer patients who can be
expected to prolong their survival time by individualized
treatment even in patients with poor PS. Gefitinib for PS
3—4 EGFR mutation-positive patients and alectinib for
ALK fusion gene-positive patients have been reported to be
effective against poor PS lung cancer patients, with 22 and
6 patients, respectively. However, no major safety issues
were found [(I) Inoue ez al., 7 Clin Oncol 2009, (65); (1)
Iwama ez al., J Thorac Oncol 2017, (168)].

Expert opinion: Dr. Yuichi Saito

Yes, I fully agree with it. In my opinion, best supportive
treatment does not mean to reject all of treatments
including surgery, chemotherapy, radiotherapy, etc. These
aggressive treatments are often useful for improvement of

quality of life.
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Expert opinion: Dr. Yuki Kataoka
Yes. But we don’t know how to individualize them now.

Do you agree that early-stage lung cancer also bas severe
state, but reasonable individualized treatment can also
prolong the survival of patients?

Expert opinion: Dr. Alfonso Fiorelli
I agree that individualized treatments can prolong the
survival in patients with early-stage lung cancer (see some
examples reported in question 5 reply).

Expert opinion: Dr. Francesco Petrella

As described in the previous point, I think that severe,
early-stage lung cancer patients—before being excluded
form an effective therapeutic approach and considered for
exclusive palliative treatment—should be evaluated for
limited, parenchyma sparing procedures whenever feasible
or SBRT in second instance.

Expert opinion: Dr. Hitoshi Igai
Yes, I agree.

Expert opinion: Dr. Nikolaos Tsoukalas

Yes, I absolutely agree with this comment for early-
stage lung cancer that can be severe. Individualization of
treatment—management oncology plan in patients with
lung cancer is very important and can be crucial for their
prognosis.

Expert opinion: Dr. Piergiorgio Solli

(I) Absolutely agree with this idea. I tried to explain
this above. Severe lung cancer is a multifactorial
concept and do not refer to lung cancer TNM
stage.

(II) I personally believe that lung cancer management
will soon look like breast cancer management where
several options are available and personalized therapy
will become the standard.

(III) Where with the term “personalized therapy”
also optimal management of a wide range of co-
morbidities is included.

Expert opinion: Dr. Rossana Berardi
I do agree, in selected patients.

Expert opinion: Dr. Sara Bravaccini
Yes. I do agree.
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Expert opinion: Dr. Satoshi Watanabe
Yes. I do agree.

Expert opinion: Dr. Taichiro Goto

I agree with the authors, but those treatment, including SBRT,
should be regarded as second-best way in terms of survival
benefit. For the time being, surgery is the most appropriate
therapy to early-stage lung cancers, and in case of inoperable
patients, strict and reasonable indications should be applied to
select the therapy most suitable for each patient.

Expert opinion: Dr. Takeo Nakada
Yes. I do agree.

Expert opinion: Dr. Yoshinobu Ichiki

Yes. I think that even in early-stage lung cancers with poor
PS, the survival period can be expected to be extended by
performing passive limited resection or radiation therapy
after consulting with specialists.

Expert opinion: Dr. Yuichi Saito
Yes, I agree.

Expert opinion: Dr. Yuki Kataoka
I don’t have enough experience and knowledge to answer
this question.

Do you agree with the curative effect of precise radiotherapy
and interventional technology in some patients with early
severe lung cancer?

Expert opinion: Dr. Alfonso Fiorelli

Multimodality treatments including interventional
treatments followed by radiotherapy, chemotherapy or
immunotherapy, if indicated, may prolong survival of selected
patients with early severe lung cancer. For example, a patient
with malignant pleural effusion may benefit by invasive
treatment of pleural effusion. This strategy improves the
dyspnea and allows performing further therapy (standard
chemotherapy, radiotherapy, immunotherapy, etc.) that
can prolong survival. Additionally, patient with malignant
obstruction of central airway and lung atelectasis is eligible
for endoscopic recanalization of the central airway. This
strategy allows releasing dyspnea so that he may undergo
additional treatments (standard chemotherapy, radiotherapy,
immunotherapy, etc.) aiming to prolong survival. I have
recently published a case report on the beneficial effect of
the combined treatment including endoscopic recanalization

© Translational Lung Cancer Research. All rights reserved.

2655

followed by immunotherapy in a patient who was previously
not candidable to immunotherapy for the recurrent lung
infection due to lobar atelectasis [Fiorelli e al., 7 Cardiothorac
Surg 2019, (180)].

Expert opinion: Dr. Francesco Petrella

I agree on this point; ideal candidates would be T/T, N
patients potentially eligible to SBRT or local ablations (e.g.,
thermo ablation, microwave ablation). Cardiopulmonary
function, anyway, plays the pivotal role in this decisional
process.

Expert opinion: Dr. Hitoshi Igai
Yes. Previous several reports described SBRT as effective
for the frail patients with cStage 1.

Expert opinion: Dr. Nikolaos Tsoukalas

Yes, I agree with the positive clinical impact of these
treatment modalities (precise radiotherapy and interventional
technology) not only in early severe lung cancer but also in
oligometastatic disease.

Expert opinion: Dr. Piergiorgio Solli
Totally agree I tried to answer above. I am not a radiotherapist
and I am not able to express more in details this.

Expert opinion: Dr. Rossana Berardi
Yes, I do.

Expert opinion: Dr. Sara Bravaccini
Yes. I do agree.

Expert opinion: Dr. Satoshi Watanabe
Yes. I do agree.

Expert opinion: Dr. Taichiro Goto

I think, for example, curative effect of SBRT remains yet
to be fully demonstrated as compared to surgery, thus both
further development of technology and validation by large-
scale clinical trials are deemed necessary.

Expert opinion: Dr. Takeo Nakada

T agree radiotherapy and interventional technology for patients
at high risk of surgery with early severe lung cancer. Patients
who are tolerant for surgeries but strongly desire these
treatments should be informed of the difficulty of surgery as an
additional treatment after definitive radiation therapy and the
predictive survival outcomes compared to surgery.
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Expert opinion: Dr. Yoshinobu Ichiki

Yes. Analysis of 53 cases of clinical stage I NSCLC, which
could not tolerate lobectomy, showed that the 5-year
survival rates for passive limited resection and definitive
radiotherapy were 55.6% and 40.4%, respectively, which
tended to be favorable for passive limited surgery. However,
there was no significant difference at P=0.124 (119). At
present, no clinical trials have been reported that randomly
compare passive limited resection with definitive radiation
therapy, but there are many reports showing acceptable
results that may be considered.

Expert opinion: Dr. Yuichi Saito

In principle, surgical treatment should be considered even
for patients with early severe lung cancer, however, I agree
on that radiotherapy and/or interventional treatment could
be better choice for such a poor PS patient.

Expert opinion: Dr. Yuki Kataoka
I want to know how you defined the “early severe lung
cancer” to answer this question.

Do you think chemotberapy and immunotherapy can be
used in patients with severe lung cancer and prolong their
survival?

Expert opinion: Dr. Alfonso Fiorelli

I believe that in selected patients with severe lung cancer
who are fit to receive chemotherapy and/or immunotherapy,
these treatments can prolong survival. Obviously, before
starting this strategy, it is mandatory to identify which
patients can really have benefits from these treatments in
the light of their high costs.

Expert opinion: Dr. Francesco Petrella
I think immunotherapy could be taken into consideration
in younger metastatic patients suffering from severe lung
cancer; on the contrary I do not believe that this cohort of
patients may benefit from chemotherapy.

Expert opinion: Dr. Hitoshi Igai
Yes. Some drugs in chemotherapy or immunotherapy do
not affect the patient’s condition negatively.

Expert opinion: Dr. Nikolaos Tsoukalas

Yes absolutely! I have clinical experience of the positive
clinical results that chemotherapy or immunotherapy can
have in patients with severe lung cancer. The main issue is
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individualization of oncology treatment approach for each
patient.

Expert opinion: Dr. Piergiorgio Solli

() ‘Totally agree I tried to answer above. Immunotherapy
for sure, due to a reduced toxicity and a better
tolerability.

(II) The problem could be more complicated for standard
chemotherapy due to lack of scientific evidence in
this setting if lung cancer patients and due to a more
challenging scenario.

Expert opinion: Dr. Rossana Berardi
I think that they can be used in selected patients.

Expert opinion: Dr. Sara Bravaccini
Yes. I think that they can be used in selected cases.

Expert opinion: Dr. Satoshi Watanabe

Yes. Systemic therapies could prolong survival in NSCLC
patients with PS 2 and SCLC patients with PS 24 if the
cause of poor PS is a lung cancer. If the cause of poor PS
is a comorbidity, I do not think systemic therapies improve
the prognosis of patients with lung cancers.

Expert opinion: Dr. Taichiro Goto

I would definitely say yes to this question. There are so
many studies that demonstrated the efficacy of combined
chemotherapy and immunotherapy. I believe novel
combinations are also quite promising in the future.

Expert opinion: Dr. Takeo Nakada

I think chemotherapy and immunotherapy can prolong
survival in some patients. Therefore, it is important to
select patients who are indicated. I think it is necessary to
build evidence and extract patients who can be expected to
have therapeutic effects.

Expert opinion: Dr. Yoshinobu Ichiki

No. I think that anti-cancer treatment is generally not
indicated for patients with advanced lung cancer of PS 3-4
who are negative for driver gene mutation. Since clinical
trials of cytotoxic anticancer agents and ICIs are mainly
conducted with good PS (PS 0-1), there is little evidence
of poor PS cases, and the safety is unknown. I think that
careful judgment is required so that drug therapy does not
shorten the life span. Even with PS 3—4, molecular-targeted
therapeutic agents may be considered in EGFR mutation-
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positive cases and ALK fusion gene-positive cases.

Expert opinion: Dr. Yuichi Saito

Also, I agree on a case-by-case. Especially, pembrolizumab
monotherapy could be better choice for patients with severe
lung cancer when PD-L1 expression positive.

Expert opinion: Dr. Yuki Kataoka

The answer from a medical point of view is almost “no”.
But in some cases, for example SCLC, and anecdotal
episodes of ICIs, I sometimes provide treatment based on
sufficient informed consent.
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