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Background of which 30% to 40% are considered resectable tumors,
The treatment of lung cancer is one of the major challenges including most stage I-IT and a small portion of stage ITIA

in the field of oncology. According to statistics from the tumors (2).

National Cancer Center of China in 2015, lung cancer Very early-stage NSCLC (IA) can be cured by surgery.

has the highest incidence and mortality, with 733,300 new
cases and 610,200 deaths across the country (1). About 85%
of lung cancers are non-small cell lung cancer (NSCLC),
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However, more than 50% of NSCLC patients who undergo
surgical treatment will relapse or metastasize within 5 years.

Even if there is no lymph node metastasis and the primary
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tumor is less than 1 cm, nearly 8% of patients still die of
the disease within 5 years after anatomical resection (3,4).
To improve the prognosis of resectable NSCLC, adjuvant
and neoadjuvant chemotherapy has been widely used as
the perioperative treatment. Neoadjuvant chemotherapy
can increase the chance of radical resection by reducing
tumor volume, eliminating micrometastasis, and reducing
tumor recurrence risk. However, the 5-year survival
rate of patients receiving either neoadjuvant or adjuvant
chemotherapy only improves by approximately 5% (5,6).
The use of the neoadjuvant approach is not common except
in the setting of resectable stage IIIA NSCLC and does not
yield particularly different survival outcomes. Compared
to the adjuvant approach, neoadjuvant therapy can help
eliminate micrometastases early on; however, concern for
the progression of disease while neoadjuvant therapy is
ongoing has inclined the surgical oncology community to
operate on tumors early on and rely on systemic therapy in
the adjuvant setting.

After the emergence of immune checkpoint inhibitors
(ICIs) [programmed cell death protein 1/programmed
cell death-ligand 1 (PD-1/L1) antibody and cytotoxic
T-lymphocyte-associated protein 4 (CTLA-4) antibody],
the treatment model for advanced NSCLC has completely
changed, and the progression-free survival (PFS) and the
overall survival (OS) of patients have been significantly
improved. Immunotherapy has moved from the second-
line treatment of advanced NSCLC to the first line, and
to the consolidation therapy of locally advanced NSCLC
patients who receive chemoradiation. Its application
has now expanded into the neoadjuvant and adjuvant
setting for resectable NSCLC. Immunotherapy use in the
neoadjuvant setting is critical because, if the outcome of
neoadjuvant therapy improves, then resection of NSCLC
can offer cure to a higher number of patients. ICIs have
already been shown to provide patients with better survival
benefits in the neoadjuvant treatment of melanoma and
glioma (7,8). In some phase II clinical trials of resectable
NSCLC, the major pathological response (MPR) rate of
patients receiving neoadjuvant immunotherapy was as high
as 45% (9).

In order to reduce clinical staging, increase surgical
resection rate, reduce tumor burden, decrease postoperative
recurrence, prolong survival, and ultimately achieve the
goal of benefiting more patients, a series of clinical trials
of perioperative immunotherapy was conducted in recent
years. To better guide Chinese thoracic surgeons in the
neoadjuvant immunotherapy of NSCLC, the “Expert
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consensus on neoadjuvant immunotherapy for non-small
cell lung cancer” was published last year (10). However,
more recent investigations have employed different
strategies of perioperative immunotherapy. To update the
current evidence and standardize clinical practice, well-
known thoracic surgeons in China participated in an in-
depth discussion on controversial issues and topics du
jour, forming the 2021 “Expert consensus on perioperative
immunotherapy for NSCLC”.

Consensus 1: overview of perioperative
immunotherapy for NSCLC patients

% Although anatomic resection seems curative, most
postoperative NSCLC patients are at risk of recurrence or
metastasis, and the risk increases with the disease stage.

% Distant metastasis is the most common mode of
recurrence after anatomic resection of NSCLC. Adjuvant
or neoadjuvant therapy should focus on the prevention of
postoperative metastasis.

% Both neoadjuvant or adjuvant chemotherapy for NSCLC
has improved the OS rate of patients by about 5%; there
is no significant difference between the two options, but
the efficacy has reached a plateau.

% Different from perioperative chemotherapy, ICIs provide
a new perspective on the perioperative treatment of
NSCLC.

% ICIs may have a long-lasting effect and are suitable for
perioperative treatment of operable NSCLC.

% Multidisciplinary team discussion is helpful in developing
the application of perioperative immunotherapy.
Goldstraw ez al. (11) reported a study of over 100,000

patients from 46 research centers in 19 countries and
showed that the majority of NSCLC patients undergoing
complete resection have recurrence and metastasis after
surgery. Many previous studies have shown that, compared
with local recurrence, distant metastasis is the most common
mode of postoperative relapse (12-14). The recurrence risk
increases with the tumor-node-metastasis (TINM) clinical
stage and significantly reduces the OS of patients. In
order to further improve outcomes of early-stage NSCLC
patients, the focus of perioperative treatment should be on
how to prevent or treat postoperative metastasis.

Current studies have shown that perioperative
neoadjuvant and adjuvant chemotherapy can improve
the prognosis of NSCLC patients. However, the survival
benefit of chemotherapy has reached a plateau at about
5% (6,7), and developing an approach to improving the

Transl Lung Cancer Res 2021;10(9):3713-3736 | https://dx.doi.org/10.21037/tlcr-21-634



3716

efficacy of perioperative treatment and circumventing this
bottleneck has become a focus of recent clinical research.

Compared with traditional chemotherapy,
immunotherapy has repeatedly achieved good results
in advanced NSCLC, improving the efficacy, reducing
the toxicity, and providing a new perspective for the
perioperative treatment of NSCLC (15-17). Patients
with malignant tumor are generally in a state of
immunosuppression. After surgery, due to trauma and tumor
antigen loss, the immunosuppressive state may be more
severe, and a “window period” of immune deficiency may
even be present (18). Therefore, the use of immunotherapy
to activate the immune system before surgery may enable
the patient to persist through the state of immunodeficiency
and obtain long-term survival benefits (19). In addition,
immunotherapy may better activate the lymphocytes with
the native structure of blood vessels and regional lymph
nodes prior to resection, leading to more effective tumor
killing (20). At the molecular pathology level, tumor tissues
after neoadjuvant immunotherapy often contain a large
number of lymphocytes, some of which regulate T cells
and CD8+ T cells, and can be used as markers to analyze
therapy response (21). After immunotherapy, individuals
who produce higher levels of CD8+ T cells in blood and
tissues may have a better prognosis (22).

Consensus 2: patient selection for neoadjuvant
immunotherapy

% All patients who are ready to receive neoadjuvant
immunotherapy need to be pathologically diagnosed with
NSCLC with next-generation sequencing (NGS) before
treatment.

% Neoadjuvant immunotherapy has no clear predictive
markers, but it must be used with caution when other
mutations are identified, such as epidermal growth
factor receptor (EGFR)-sensitive mutations or anaplastic
lymphoma kinase (ALK) fusion alteration.

% Patients with resectable NSCLC may consider
neoadjuvant immunotherapy combined with platinum
doublet chemotherapy or neoadjuvant single-agent
immunotherapy before surgery.

% For unresectable locally advanced NSCLC,
immunotherapy plus (or without) chemotherapy
induction can be considered, and the possibility of radical
resection can be reassessed after downstaging.

In Asia, 40-50% of lung adenocarcinoma patients have
an epidermal EGFR gene-activating mutation. Therefore,
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exploring the relationship between driver gene status and
neoadjuvant immunotherapy is of great significance in
an Asian population. In the subgroup analysis of clinical
trials, including the Checkmate 057, Keynote-010, and
OAKE trials, advanced NSCLC patients with driver gene
mutations did not achieve an improvement in OS or PFS
(17,23,24). Accordingly, the National Comprehensive
Cancer Network (NCCN) guidelines recommend against
immunotherapy for patients with EGFR gene mutations (25).
Regarding the mechanism, many researchers have proposed
that EGFR gene mutations can regulate the activation of
the PD-1 pathway and reduce the expression of PD-LI (26);
however, others, such as Azuma et 4/. (27) have asserted the
contrary, stating that the expression status of PD-L1 cannot
explain the failure of patients with driver gene mutations
to benefit from immunotherapy. Another hypothesis is that
EGFR gene mutations lead to a low tumor mutation burden
(TMB) and reduced immunogenicity. Results of studies of
immunotherapy in melanoma (28) have confirmed that only
a small number of neoantigens are derived from sensitive
gene mutations. For patients with sensitive gene mutations,
molecular targeted therapy is still the preferred treatment
option.

In clinical trials of advanced NSCLC, patients with
positive PD-1/L1 expression have shown superior survival
relative to patients with no PD-1/L1 staining (29).
However, in the neoadjuvant immunotherapy studies of
early NSCLC, PD-1/L1 expression was not found to be
clearly correlated with patient’s pathological remission
benefit. Patients with a higher TMB seem to have better
MPR in neoadjuvant immunotherapy (9), but the results
of the LCMC 3 trial (30) do not support this conclusion.
The mechanism of immunotherapy is different from that
of chemotherapy, and there is thus a need for research
to explore predictive markers more accurate than PD-1/
L1 and TMB. This way, more accurately personalized
treatment plans can be formulated to bolster the benefits of
neoadjuvant immunotherapy.

Single-agent or combination therapy with immunotherapy
has achieved promising clinical results. Neoadjuvant
immunotherapy has several advantages. First, compared with
neoadjuvant or adjuvant chemotherapy, which has a grade
3—4 adverse reaction rate of about 40% (31), neoadjuvant
immunotherapy has achieved quite good results. Overall
safety, treatment-related adverse reactions above grade
3 are only cases. Second, some studies of neoadjuvant
immunotherapy reported achieving MPR at a rate nearly
twice of that in studies with chemotherapy (32). For
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example, the 1-year disease-free survival (DFS) rate of stage
III patients in the LCMC 3 trial also reached a level very
close to that of stage I and II patients (30). Third, intact
tumors may have strong host immune characteristics that
may be stimulated to release tumor neoantigens, thereby
inducing a broader and longer-lasting antitumor effect
than that found in the adjuvant setting. Animal studies
support this hypothesis, but its specific mechanism of action
remains to be explored (20). Evidence from small-scale
phase II clinical trials remain insufficiently convincing, and
the relevant mechanisms and advantages of neoadjuvant
immunotherapy need to be explored in more depth in phase
IIT clinical trials.

Consensus 3: the strategy of neoadjuvant
immunotherapy for NSCLC

% The combination of neoadjuvant immunotherapy
and platinum doublet chemotherapy can be more
advantageous compared to the adjuvant approach.
Neoadjuvant single-agent immunotherapy needs to be
further explored in larger studies.

% A total of 2-4 cycles of immunotherapy is recommended,
with evaluation after 2 cycles to assess response.

% A dual-immunotherapy neoadjuvant regimen of PD-1/L1
combined with anti-CTLA-4 may be worth considering,
but further evidence is needed.

% Other studies are exploring neoadjuvant immunotherapy
combined with antiangiogenic drugs or radiotherapy, the
results of which are pending.

In the early stage of the exploration of neoadjuvant
immunotherapy, a number of clinical trials of single-agent
neoadjuvant immunotherapy were carried out. In 2018,
Forde et al. (9) reported 21 cases of stage I-1ITA NSCLC
patients (NCT02259621) treated with 2 cycles of single-
agent nivolumab neoadjuvant immunotherapy. Among
them, 20 patients achieved RO resection with an MPR
rate of 45%, with 2 patients (10%) achieving pathological
complete response (pCR). Despite the initial promising
results, the MPR rate of other studies using single-agent
neoadjuvant immunotherapy was not as encouraging. For
example, the MPR rate of nivolumab monotherapy in the
NEOSTAR study was only 17% with a pCR of 9% (33).
Additionally, the interim data of LCMC3, updated at the
2020 World Lung Cancer Conference, showed an MPR
and pCR rate of 21% and 7%, respectively, in 159 patients
who met the enrollment criteria and received surgical
treatment (30).
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In terms of safety, the timing of surgery has not been
significantly delayed, and the related adverse reactions
are within the tolerable range. In the study by Forde
et al. (9), 4 of the 159 surgical patients in the LCMC3
study were delayed of surgery due to treatment-related
adverse reactions, and finally all completed the surgical
treatment (30).

Most clinical trials related to neoadjuvant immunotherapy
in NSCLC are immunotherapy combined with chemotherapy,
generally indicating a higher MPR rate compared to single-
agent neoadjuvant immunotherapy. For example, a clinical
study (NCT02716038) in the treatment of stage IB-IITA
NSCLC with neoadjuvant atezolizumab combined with
chemotherapy has achieved MPR and pCR rates of 57%
(17/30) and 33% (10/30), respectively (34). The SAKK
16/14 study (NCT02572843) investigated 3 cycles of cisplatin/
docetaxel followed by 2 cycles of durvalumab in the treatment
of stage IITA (N2) NSCLC patients. Patients who received
neoadjuvant immunotherapy had an imaging response rate
(from 44.8% to 58.1%) after chemotherapy (35). Among the
55 patients who underwent surgical resection, the MPR
rate was 60% (33/55) and the pCR rate was 18.2% (10/55).
Thirty-seven patients (67.3%) observed postoperative
lymph node staging decline. The 1-year event-free survival
(EFS) rate was 73.3%. The NADIM study explored the
effects of preoperative nivolumab combined with paclitaxel
and carboplatin chemotherapy in drive mutation negative,
stage ITIA (N2/T4N0) NSCLC patients (36): there was a
high MPR rate at 83% (34/41), 63% (26/41) of the patients
achieved pCR, the 2-year PFS rate was 77.1%, and the
2-year OS rate was 89.9%. Although the incidence of side
effects of combined and immunotherapy chemotherapy
compared with immune monotherapy was higher, it was also
within the tolerable range. In the SAKK 16/14 study, the
proportion of patients with side effects above grade 3 was
88.1% (35). Whether the higher incidence of side effects
is related to the trial design of 3 courses of chemotherapy
followed by sequential 2 courses of immunotherapy still
needs to be verified. The rate of grade >3 adverse events
(AEs) in 2 other clinical trials of concurrent immunotherapy
and chemotherapy was 50% (34) and 46% (37), and there
were no treatment-related deaths. At present, most of the
phase III randomized controlled studies use immunotherapy
combined with chemotherapy as the experimental group,
which will provide important evidence for the neoadjuvant
mode of immunotherapy.

At present, there is no clear guideline recommendation
for the dose and interval of neoadjuvant immunotherapy
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before surgery, but several drugs have their usual doses
(Tables 1,2). The interval between cycles is generally
2 weeks for nivolumab, durvalumab, and 3 weeks for
pembrolizumab, atezolizumab, and structure optimized
tislelizumab. In terms of medication and treatment course,
most studies choose 2 to 4 cycles. This is the result of
comprehensive consideration of various factors, such
as efficacy, timing of surgery, patient compliance, and
economic conditions, but a higher level of clinical evidence
is required to determine the optimal medication regimen.

Although the data for nivolumab plus ipilimumab (anti-
CTLA-4) in advanced NSCLC are encouraging (38),
additional clinical trials investigating the combination
of dual immunotherapy in the neoadjuvant setting are
needed. Reuss er al. (39) reported the first trial of an arm
investigating neoadjuvant and adjuvant nivolumab plus
ipilimumab (NCT02259621) in patients with resectable
stage IB-IITA, treatment-naive NSCLC with planned
resection. Due to toxicity, the study arm was terminated
early by investigator consensus after 9 of 15 patients were
enrolled due to 6 (67%) patients experiencing treatment-
related adverse events (TRAEs) and 3 (33%) experiencing
grade >3 TRAEs. Cascone ez a/. (33) also reported the result
from the NEOSTAR study. In 37 patients resected in the
trial, nivolumab and nivolumab + ipilimumab produced
MPR rates of 24% (5/21) and 50% (8/16), respectively.
Compared with nivolumab, nivolumab + ipilimumab
resulted in higher pCR rates (10% vs. 38%); less viable
tumor (median 50% vs. 9%); and greater frequencies of
effector, tissue-resident memory, and effector memory
T cells. In this study, there was no significant difference
between the single-drug group and the double-drug group
in terms of safety. However, in the melanoma study, the
grade 3—-4 AEs rate of the dual-immune neoadjuvant
regimen was 55%, which was much higher than the 16.3%
of the single-agent treatment (40). Therefore, the toxicity
caused by the dual-immune neoadjuvant regimen in the
treatment of NSCLC still needs further evaluation.

A growing number of neoadjuvant immunotherapy and
radiotherapy/chemoradiotherapy trials are also ongoing
(MEDI4736, NCT03217071). An interim analysis of
neoadjuvant chemoradiation and durvalumab in the
potentially resectable phase III NSCLC trial showed that 18
of the 24 eligible patients who received neoadjuvant therapy
simultaneously received surgery. The MPR rate was 77.8%
[14/18, 95% confidence interval (CI): 54.3-91.5%], and the
pCR rate was 38.9% (7/18, 95% CI: 20.2-61.5%) (41).

Several studies have demonstrated the promising efficacy
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of PD-1 plus angiogenesis inhibition agents in advanced
NSCLC (42); several other studies have attempted
this combination in perioperative treatment, such as
pembrolizumab plus ramucirumab (NCT04040361),
and sintilimab plus bevacizumab and chemotherapy

(NCT03872661).

Consensus 4: efficacy evaluation of neoadjuvant
immunotherapy for NSCLC

% The current Response Evaluation Criteria in Solid
Tumors (RECIST) standards may not reflect response
assessment with immunotherapy.

% Positron emission tomography-computed tomography
(PET-CT) is the preferred modality to evaluate the
benefit of neoadjuvant immunotherapy.

% Tumor markers, or circulating tumor DNA (ctDNA)
load monitoring may be used to assess treatment
response.

% After neoadjuvant immunotherapy, an experienced
pathologist should evaluate the resected specimen for
MPR and pCR.

% Limited prospective data are available for MPR and the
pCR for predicting long-term survival.

% OS and DFS can be used as the endpoint of neoadjuvant
immunotherapy.

The current RECIST are an important predictor of OS
in NSCLC patients (43). However, the histopathological
response of 41-45% of patients may be inconsistent with
CT evaluation when neoadjuvant immunotherapy is used
(9,44). Changes in fibrotic components may affect the
CT findings, resulting in the CT imaging being unable
to accurately evaluate the histopathological response after
neoadjuvant therapy.

Although it is rare, hyperprogression is also one of
the potential issues related to immunotherapy. After
immunotherapy, some patients may experience accelerated
disease progression with rapid clinical deterioration (45).
The molecular mechanism underlying this process is
not yet fully understood, and the proportion accounts
for about 10% of the total cases (46,47). Other patients
experience “pseudoprogression”; that is, tumor enlargement
in imaging, but pathologically, most of them are caused
by tumor necrosis rather than tumor cell proliferation.
Hyperprogression and pseudoprogression also increase
the difficulty of evaluating the effect of immunotherapy.
Generally speaking, the standard uptake value (SUV) of
PET-CT in pseudoprogressive tumors is low, and a large
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amount of CD8+ T cell infiltration can be seen on the
tumor biopsy, which can be used for demarcation (48).
Ongoing in-depth study of tumor imaging omics in the
field of PET-CT indicates that, compared with CT for
lung cancer efficacy monitoring and prognosis judgment,
""F-fluoro-2-deoxy-D-glucose ('"*F-FDG) PET-CT
imaging omics has higher measurable reliability and
stability (49). However, the use of PET-CT to evaluate
the efficacy of neoadjuvant treatment for NSCLC is still
in its infancy, and there is currently a lack of standardized
and prospective data. Further collection and analysis
of functional imaging evaluation data before and after
treatment is needed to accumulate the relevant clinical
experience required for developing the evaluation standards
of the future. For example, in one trial (NCT04586465),
dynamic PET/CT was used to assess the response of stage
ITA-IITB NSCLC to the neoadjuvant drug pembrolizumab
combined with chemotherapy.

Long-term survival data takes about 10 years to collect
in early-stage NSCLC. Therefore, MPR has become a
possible alternative end point for clinical trials. MPR was
first described by Junker ez 4l. (50), who found that some
patients with tumor IIB or III regression grades (residual
tumor <10%) have significantly improved survival than
do other patients. Some subsequent studies have found
a significant correlation between MPR and OS (51). In
2014, MPR was more formally recognized as an alternative
indicator of OS (52). At present, there is no report detailing
the 5-year survival rate for immunotherapy neoadjuvant
studies, but the data on MPR look promising. Nonetheless,
pathological remission still has not been validated as a
surrogate marker for OS, which remains one of the most
relevant end points.

Consensus 5: surgical strategy after neoadjuvant
immunotherapy for NSCLC

% After neoadjuvant immunotherapy with (or without)
chemotherapy is administered, minimally invasive
surgery can be considered.

% After neoadjuvant immunotherapy is administered,
anatomic resection plus mediastinal lymph node
sampling (+ dissection) is still the standard of care. At
this point, there is no evidence showing that neoadjuvant
immunotherapy increases surgery-related complications;
however, changes in the tumor tissue are expected, and
this may impact surgical outcomes.

% Highly difficult operations such as bronchial sleeve

© Translational Lung Cancer Research. All rights reserved.
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lobectomy after neoadjuvant immunotherapy are feasible.
% Surgery after neoadjuvant immunotherapy needs to be

performed by an experienced thoracic surgeon.

The feasibility and safety of lung resection after
neoadjuvant immunotherapy warrant further study.
Neoadjuvant immunotherapy may cause mediastinal and
hilar fibrosis (53). Bott et 4/. (54) pointed out that although
it is technically challenging, pneumonectomy is feasible
and does not increase morbidity or mortality. Similarly,
Yang et al. (37) confirmed the feasibility and safety of lung
resection after neoadjuvant ipilimumab combined with
chemotherapy, while another study suggested a change from
lobectomy to thoracotomy is possible during surgery (55).
Overall, neoadjuvant chemotherapy and minimally invasive
lobectomy can be used for stage IIIA (N2) NSCLC (56),
but it has been found that only 25.7% of patients undergo
lobectomy (57).

Neoadjuvant immunotherapy and chemoimmunotherapy
may alter the primary tumor vascularization and
microenvironment, resulting in adhesions and fibrosis,
and increasing the difficulty and duration of surgery. At
present, there is no evidence that the rate of conversion
from minimally invasive resection to open thoracotomy
increases as the complication rate increases. Despite this,
thoracotomy does not seem to significantly affect morbidity
or early mortality (54). After lung resection, the pathologist
can determine the pathological response, the predictive
factors of MPR, and the potential impact on survival.

In addition, neoadjuvant immunotherapy has been shown
to not significantly reduce the completion of surgery. In the
NADIM study, 89% (41/46) of the patients completed the
operation, all with RO resection, and 93% (38/41) of the
patients reached clinical downgrade (36). However, from
the experience from several case series, many patients have
thoracic adhesions. Some patients have severe adhesions in
the lymph nodes and surrounding tissues after neoadjuvant
treatment, making clean-up difficult to, while ICI-related
diseases, such as immune pneumonia after surgery, may also
occur.

Liang et al. (58) reported the first sleeve lobectomy
cohort after neoadjuvant immunotherapy plus
chemotherapy, concluding that sleeve lobectomy for
advanced NSCLC following chemoimmunotherapy
is feasible. Although the operation was more complex,
neoadjuvant chemoimmunotherapy did not delay
postoperative recovery. The study also indicated that
greater destruction on the elastic fiber of the blood vessels,
vascular wall degeneration, fibrinoid necrosis and fibrosis,

Transl Lung Cancer Res 2021;10(9):3713-3736 | https://dx.doi.org/10.21037/tlcr-21-634



Translational Lung Cancer Research, Vol 10, No 9 September 2021

and greater pulmonary interstitial exudation were found in
neoadjuvant chemoimmunotherapy patients compared to
the neoadjuvant chemotherapy patients.

Consensus 6: management of AEs during
neoadjuvant immunotherapy for NSCLC

% Perioperative immunotherapy of special populations
(patients with autoimmune diseases, patients after organ
transplantation, patients with chronic viral infections,
patients with immunodeficiency, pulmonary fibrosis,
pregnancy, liver or kidney dysfunction, etc.) requires
extra caution.

% Neoadjuvant immunotherapy for patients with operable
NSCLC is relatively safe, and the incidence of all grades
and >3 grades of AEs with single-agent immunotherapy
is 23-57% and 4.5-13 %, respectively.

% During perioperative immunotherapy, it is necessary to
regularly check and monitor organ functions (laboratory
tests and imaging examinations, lung function,
electrocardiogram, thyroid function and other baseline
evaluations). Early identification of severe immune-
related pneumonia and immune-related cardiotoxicity is
important.

% The treatment of AEs of perioperative NSCLC
immunotherapy should be performed according to the
treatment principles and countermeasures of advanced
stage of NSCLC.

% Patients that suffered from severe immune-related
adverse events (irAEs) who meet the referral indications
should be transferred/referral (a medical institution with
a qualified irAEs MD'T" team) as soon as possible.

As the clinical benefit of neoadjuvant immunotherapy
is being lauded, the increase of immunotherapy-related
toxic and adverse effects (AEs) should not be ignored. In a
few cases, these events may be life-threatening, resulting in
inoperability, delayed surgery, and increased postoperative
complications (59). A meta-analysis conducted by the
Lung Adjuvant Cisplatin Evaluation (LACE) and NSCLC
Collaborative Group (6,59) showed that neoadjuvant
therapy reduces the risk of death by 13%, and adjuvant
chemotherapy improves the 5-year survival rate of patients
by 5.3% [hazard ratio (HR) =0.89]; however, the incidence
of grade 3—4 AEs is as high as 66%. Although the incidence
of most grade 3-4 AEs in neoadjuvant immunotherapy
compared with chemotherapy alone is not significantly
higher (60), the associated irAEs, especially immune-related
pneumonia, cardiotoxicity, gastrointestinal toxicity, and

© Translational Lung Cancer Research. All rights reserved.
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other rare but severe-toxicity events can seriously worsen
the prognosis of patients (61). Therefore, there is an urgent
need for more refined management of irAEs in clinical
practice for neoadjuvant immunotherapy.

Neoadjuvant immunotherapy is usually completed in 2—4
cycles. Some small-sample phase II clinical studies focused
on exploring the impact of immunotherapy on surgical
procedures. The LCMC3 study initially reported 101
patients with early resectable NSCLC (30). After 2 cycles
of atezolizumab before surgery, the incidence of grade 3—4
AEs was 29% and mainly included fatigue, fever, loss of
appetite, elevated transaminase, nausea, joint pain, flu-like
symptoms, diarrhea, pneumonia, anemia, etc.; however,
these were generally well tolerated by patients, and there
was no delay in surgery.

The NEOSTAR study evaluated nivolumab vs. nivolumab
combined with ipilimumab dual-agent neoadjuvant
therapy (33). There was no significant difference in the
incidence of AEs between the two groups. The incidence
of grade 3-5 AEs was as follows: hypermagnesemia 4%,
low oxyemia 4%, severe diarrhea 4%, and hyponatremia
4%. Among the patients, 1 in the single-drug group did not
undergo surgery due to serious AEs, while 4 in the dual-
drug group did not receive surgery.

A study evaluating the safety of 20 patients with
nivolumab single-agent neoadjuvant immunotherapy
for resectable NSCLC (stage IA-IITA) reported 13
patients expecting to receive minimally invasive treatment
(thoracoscopy) before surgery (54). After neoadjuvant
immunotherapy, 7 patients (53.8%) eventually converted to
thoracotomy due to hilar inflammation or fibrosis. Among
them, the conversion rate of stage IA patients was 25% (1/4),
and the conversion rate of stage IB-IIIA patients was 67%
(6/9). The incidence of postoperative atrial arrhythmia was
about 30% (6/20), myocardial infarction was 5% (1/20),
lung infection was 5% (1/20), pulmonary embolism was 5%
(1720), and empyema was 5% (1/20).

The NEOSTAR study examined the preoperative
single-agent nivolumab treatment for 2 cycles and reported
the following incidences of postoperative complications:
persistent lung leak 22%, bronchopleural fistula 9%,
empyema 4%, lung infection 4%, and nonspecific
pneumonia 4% (33). The latest report of the NADIM
study showed that after 3 cycles of preoperative nivolumab
combined with carboplatin and paclitaxel chemotherapy,
the postoperative complications rate was 17.1% (7/41)
and included arrhythmia, persistent lung leakage, and
respiratory tract infection, postoperative pain, recurrent
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Table 3 Postoperative adjuvant immunotherapy for NSCLC

) _ ) . ) Estimated Primary
Trial Eligible patients Intervention following surgery enrolment endpoint
IMpower010 Stage IB-1IIA NSCLC Arm A: platinum doublet (4 cycles) then atezo (16 N=1,280 DFS
cycles); arm B: platinum doublet (4 cycles) then
best supportive care

ANVIL Stage IB-IIIA NSCLC Arm A: (optional chemotherapy and RT) N=903 DFS, OS
nivolumab (1 year); arm B: (optional chemotherapy
and RT) observation

PEARLS/KEYNOTE-091 Stage IB/II-IIIANSCLC  Arm A: (optional chemotherapy) pembro (1 year); N=1,080 DFS
arm B: (optional chemotherapy) placbo (1 year)

BR31 Stage IB-1IIA NSCLC Arm A: (optional chemotherapy and RT if N2) N=1,360 DFS
durva (1 year); arm B: (optional chemotherapy
and RT if N2) placebo (1 year)

ALCHEMIST Chemo-IO Resectable stage I1B- Arm A: platinum doublet (4 cycles); arm B: N=1,263 DFS, OS

IIA NSCLC

platinum doublet (4 cycles) then pembrolizumab
(17 cycles); arm C: platinum doublet plus
pembrolizumab (4 cycles) followed by

pembrolizumab (additional 13 cycles)

NSCLC, non-small cell lung cancer; Chemo, chemotherapy; IO, immunotherapy; RT, radiotherapy; OS, overall survival; DFS, disease-free

survival.

laryngeal nerve palsy, thrombocytopenia, postoperative lung
infection, lower limb cellulitis, atrial fibrillation (36).

In general, neoadjuvant immunotherapy for patients
with operable NSCLC is relatively safe, and the incidence
of all grades and >3 grades of AEs with single-agent
immunotherapy is 23-57% and 4.5-13%, respectively.
However, current neoadjuvant immunotherapy research
consist almost completely of phase I/II small-sample
exploratory studies, with short follow-up times and
incomplete data. It is will be impossible to obtain the
full picture concerning neoadjuvant irAEs until more
large-scale and prospective studies are completed.
Good and standardized perioperative immune adverse
reaction management can not only ensure the smooth
implementation of the overall treatment plan but also has
a positive influence in improving the clinical outcome of
patients.

Consensus 7: adjuvant immunotherapy after
surgery for NSCLC

% The postoperative adjuvant treatment plan for NSCLC
should be carried out in accordance with the NCCN
guidelines.

% After postoperative adjuvant chemotherapy, maintaining
immunotherapy for up to 1 year should be considered.

© Translational Lung Cancer Research. All rights reserved.

% Detection of minimal residual disease (MRD) shortly
after surgery and changes in ¢tDNA during adjuvant
treatment may predict prognosis, but further data are
needed before this strategy to be can be used in clinical
practice.

Several studies were designed to explored the efficacy
of adjuvant immunotherapy after surgery for NSCLC
(IMpower010, ANVIL, PEARLS, BR31, ALCHEMIST;
Table 3). IMpower010 is a global, multicenter, open-label,
randomized trial (NCT02486718), comparing the safety and
efficacy of adding atezolizumab to platinum doublet with
best support care in an adjuvant setting of NSCLC patients.
An early report from the IMpower010 study showed that
the study has met the primary end point of improvement in
DFS with atezolizumab versus use of best supportive care as
treatment for patients with completely resected stage II/IIIA
NSCLC. At the time of the report, atezolizumab did not
significantly affect DFS in the intention-to-treat analysis for
all stage IB-IITA NSCLCs that were randomized into the
study. Longer follow-up, including of OS, will be needed to
fully assess the efficacy results of this study.

ctDNA may be an effective tool for noninvasive
monitoring of treatment response and has high specificity
and sensitivity for predicting disease recurrence. It has
great potential for cancer-specific molecular changes and
has broad application prospects. Researchers believe that
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performing individualized deep sequencing of ctDNA
on tumors can diagnose molecular residual tumors early
and facilitate personalized adjuvant therapy as early
as possible when the tumor burden is lowest. Because
NSCLC is still undergoing gene mutations during the
treatment process and the half-life of ctDNA is very
short, real-time monitoring is required to determine the
efficacy and resistance of the drug. Therefore, future
clinical trial design should incorporate study of clinical
treatment efficiency, continuous collection, verification of
liquid biopsy specimens, and MPR and pCR to identify
the benefit population of neoadjuvant or adjuvant
therapy.

Discussion

Compared with chemotherapy and targeted therapy,
immunotherapy has unique advantages in its therapeutic
principles. In theory, stimulating the activity of the body’s
immune cells can better mitigate tumor resistance. Judging
from the MPR rate of single-agent and combination
chemotherapy, the prospect of immunotherapy application
in lung cancer is very optimistic. In the next 5-10 years,
large-scale phase III randomized controlled trials and
evaluation of long-term survival will be the focus of
immunotherapy research.

However, some issues related to neoadjuvant
immunotherapy still need to be resolved. First, reports
suggest that some patients cannot receive follow-up treatment
due to disease progression during neoadjuvant treatment.
Surgeons need to be cautious in considering the potential
risks of neoadjuvant treatment before surgery. Second, the
preoperative medication cycle of the current clinical research
of neoadjuvant immunotherapy is inconsistent, ranging
from 2 to 4 cycles. Recently, Liu et 4/. (62) found through
mouse animal models that preoperative immunotherapy
can affect the survival of tumor-negative mice. Preoperative
immunotherapy that is too long or too short can reduce
the efficacy. The above study suggests that for preoperative
neoadjuvant treatment, it is still necessary to explore the
best preoperative treatment time. Third, in the neoadjuvant
immunotherapy, the pCR of different immunotherapy drugs
and treatment modes are quite diverse. Based on the current
clinical research data, the efficacy of PD-1 inhibitors is
better than that of PD-L1 inhibitors, and the efficacy of
PD-1 inhibitors combined with chemotherapy is better
than that of PD-1 monotherapy. More clinical research data
are required to verify these observations. Fourth, all current
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clinical studies of neoadjuvant immunotherapy have no
biomarkers to screen NSCLC patients. In the future, the
inclusion of markers in the screening criteria may further
improve the efficacy of neoadjuvant immunotherapy. Fifth,
surgical-related risks and difficulties (such as surgical delay
and disease progression) and perioperative complications
caused by neoadjuvant targeting and immunotherapy
are concerning for surgeons. In addition, how to further
“precisely” select suitable patients and explore a more
efficient and low-toxicity combination therapy model
remains to clarified by future NSCLC neoadjuvant therapy
research.

Perioperative immunotherapy provides hope for the
long-term survival of NSCLC patients. Future research
can help identify an ideal biomarker to reliably predict
benefit of immunotherapy, the number of cycles and
duration of immunotherapy in the pre- or postoperative
setting, and the optimal combination in the perioperative
setting.

Questions to be further discussed and considered

(I) Will you use the neoadjuvant immunotherapy for
resectable NSCLC patients?

Federico Cappuzzo: Only in clinical trials.

Junji Uchino: Although more evidence needs to be
accumulated, I consider it as a promising treatment.
Expanded indications in different countries are required to
implement treatment in practice.

Kye Young Lee: Yes, I will. But case selection is
necessary. nEGFR-, ALK-, and ROS1-positive cases should
be ruled out. In a similar respect, smoking status should be
considered.

Mariano Provencio: I am convinced that chemoimmunotherapy
is better than chemotherapy alone, and therefore, I am
sure I will use it as soon as it is approved by the regulatory
authorities

Paul Hofman: Yes. Neoadjuvant immunotherapy is
certainly associated with a decrease in tumor TNM stage
before surgery, with an increased RO resection rate, with
preoperative control of possible micrometastases and/or the
number of circulating tumor cells (since even early tumors
can be associated with a shedding of tumor cells in the
blood stream), and, with an improvement of DFS and, more
importantly, of the OS of early-stage NSCLC patients (to
be confirmed).

Takeo Nakada: Yes, I will. Of the resectable lung cancer
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patients, I consider stage IB-IIIA to be an indication for
neoadjuvant immunotherapy. In the future, stage IA3 pure-
solid NSCLC should be considered as an indication for
preoperative chemotherapy.

Toyoaki Hida: Yes.

William Chi-Shing Cho: For patients with resectable
lung cancer, if surgical resection is difficult, I will
consider giving immunotherapy, or immunotherapy
plus chemotherapy before surgery, and then conduct
a preoperative evaluation again after two courses of
treatment. This is because ICIs, such as PD-1 and CTLA-
4, can enhance antitumor immunity by activating antigen-
specific T cells in the tumor. This induces an antitumor T
cell immune response, which can prevent tumor recurrence.
In addition, the increase in activated T cells after
neoadjuvant immunotherapy may reduce the severity of
immunosuppression after surgery and reduce the possibility
of disease recurrence. However, different immunotherapies
have different toxicity characteristics involving multiple
organs and irAEs; thus, hyperprogession may delay surgery
and/or increase the risk of intraoperative complications.
The extensive delay in surgical resection due to AEs may
lead to tumor progression and poorer outcomes. It may
be that neoadjuvant therapy destroys the primary tumor
vascularization and microenvironment, leading to adhesions
and fibrosis, increasing the difficulty and duration of
surgery. In addition, physical fatigue caused by neoadjuvant
immunotherapy may extend the recovery time from surgery.

All in all, neoadjuvant immunotherapy is not yet a
standard treatment because trials are still in progress, but
it may be carried out in the next year or two. It is unclear
whether this will be a single-agent checkpoint inhibitor or a
checkpoint inhibitor combined with chemotherapy, but my
guess is it will be the latter.

Haruhiko Sugimura: Currently, our insurance
(government) does not cover it, but we will definitely use it
in the near future.

Muhammad Furqan: Yes.

Satoshi Watanabe: I will use neoadjuvant immunotherapy
if the survival benefit of the treatment is proven by a phase
III trial.

Stefano Bongiolatti: Immunotherapy with PD-1/PD-L1
inhibitors is not the standard of care in my country in the
neoadjuvant setting, and ICIs can be used only in clinical
trials.

Yusuke Tomita: We need more clinical evidence to use
neoadjuvant immunotherapy in clinical practice.

Filippo Longo: We usually do not perform neoadjuvant
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immunotherapy for resectable NSCLC. For stage IITA-
IIIB resectable NSCLC we usually perform induction
chemotherapy before radiotherapy.

In-Jae Oh: Yes, but I will use the neoadjuvant I-O
within the clinical trials. The South Korean government
mostly covers the cost of the global standard of anticancer
treatment in NSCLC patients. But our government and
many Korean investigators are thinking that the time for
neoadjuvant I-O has not yet arrived. I hope to change the
Korean standard by adding valuable data from clinical trials.

Nobuhiko Seki: Yes, I will. However, I do expect
neoadjuvant immunotherapy for resectable NSCLC patients
with negative driver mutations. Furthermore, I think
the indications for PD-L1-negative patients will remain
controversial until we see the results of DFS and OS of the
phase III trial for preoperative neoadjuvant immunotherapy.

Pierfilippo Crucitti: We usually do not perform
neoadjuvant immunotherapy for resectable NSCLG. For
stage IITA resectable NSCLC, we usually perform induction
chemoradiotherapy before surgery.

Sai Yendamuri: Yes, I would use it for stage IIIA patients.
For lower than stage IIIA, I would use it in the context of a
clinical trial.

Sang-Won Um: Yes, I will.

Shinji Sasada: I agree with the preoperative use. The
reason is that pCR may be obtained.

Ben G. L. Vanneste: My advice would be to use it only in
clinical trials.

Dirk De Ruysscher: We are using it now only in clinical
studies.

(ID) What is the main concern when you use immunotherapy
in the neoadjuvant setting?

Federico Cappuzzo: No concern. I think this is a very
effective strategy.

Junji Uchino: There are concerns about cases of
hyperprogression and cases of SAE that make surgery
difficult.

Kye Young Lee: [My concern is] hyperprogression,
which does not happen that infrequently, especially in single
immunotherapy. For this reason, I think that neoadjuvant
chemoimmunotherapy is better than single immunotherapy
except for high PD-L1 expression cases, with 2 cycles of
neoadjuvant chemoimmunotherapy being enough.

Mariano Provencio: I would like to have objective
markers that could differentiate those patients who will
respond from those who will not. I am also concerned about
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the poor relationship between radiological and PET/CT
response and pathological response that exists.

Paul Hofman: We need to keep in mind at least three
points:

(I It is mandatory to look for some targetable
genomic alterations before administration of
neoadjuvant immunotherapy since the latter can be
less effective and even more highly toxic in patients
having genomic alterations (currently with a strong
focus on EGFR and ALK, but perhaps soon on
other genes such as KRAS, ROS1, RET, MET,
HER?2...). So, NGS should be done simultaneously
with PD-L1 immunohistochemistry (IHC) and
NGS from biopsies before starting any neoadjuvant
immunotherapy. Alternative therapy can be for
example an adjuvant therapy targeting detected
EGFR mutations (del19 and 1.858). Moreover,
bronchial biopsy (and cytological samples such
as those obtained during EBUS) may have a few
number of tumor cells, making the assessment of
PD-L1 expression in these samples difficult.

(II) Currently it is not so well known if neoadjuvant
immunotherapy can effectively increase the long-
term life of surgically resected NSCLC patients.

(III) Discussion may be arranged between surgeons
concerning the impact of neoadjuvant
immunotherapy on the feasibility of surgery (since
delaying surgery can have an impact on tumor risk
progression and on an overtreatment since some
surgical complications can sometimes occur after
immunotherapy).

"Takeo Nakada: The main concern is grade 3—4 AEs that
can delay surgical treatment.

Toyoaki Hida: [My concern is] hyperprogressive disease

in neoadjuvant immunotherapy without chemotherapy.

William Chi-Shing Cho: The main concern is the
safety of this treatment. The optimal timing of surgery
after immunotherapy is still unknown. Surgeons are
more concerned about the inflammatory consequences
of immunotherapy, leading to more hilar fibrosis, hilar
scarring, lymph node adhesion, etc. This will lead to
more difficult dissections, longer operation time, a higher
conversion rate of minimal access technology, and a higher
complication rate.

Regarding AEs, various organs may be involved, such as
pneumonitis myocarditis, colitis, pituitary inflammation,
rash, pneumonia, neuromuscular toxicity, hypothyroidism,
and joint pain. There is also a concern with delaying
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surgery, progression, or hyperprogression of treatment,
which can impair the healing process.

The timing of surgery is of concern because shortening
the duration of neoadjuvant therapy can increase immune
activity and reduce the incidence of irAEs.

I think we can perform biomarker testing, for example,
NGS of each patient before starting treatment, because it
is important to exclude mutations such as EGFR or ALK
before starting chemoimmunotherapy. Of course, efficacy
is also an important indicator of concern. According to my
experience, neoadjuvant immunotherapy plus chemotherapy
has achieved satisfactory results in many patients. The
effectiveness of neoadjuvant treatment should be evaluated
over time by PET/CT to determine unsuspected metastases
and comorbidities.

Haruhiko Sugimura: There are several issues: how
do we focus in on the population? (PD-L1 expression?
Which stages?) What combination should we choose?
(Monotherapy or several combinations with ordinary
cytotoxic cancer drugs and several kinds of ICIs?). We have
to be cautious so that the timing of the operation is not late
and be aware of irAEs.

Muhammad Furqan: The biggest concern is not the
immunotherapy. The issue is using a neoadjuvant approach
vs. an adjuvant one. As medical oncologists, we prefer the
neoadjuvant approach, as patients tolerate this therapy
better and this can help in eliminating micrometastases.
However, surgical colleagues worry about the impedance
to surgical feasibility, as a small percentage of patient’s may
progress during or right after neoadjuvant therapy and
will not undergo potentially curable surgery, or patient
enthusiasm may dampen from toxicity of the neoadjuvant
approach. I think it requires change of culture and will
happen over time.

Satoshi Watanabe: There is a risk that patients will
not be able to receive radical surgery because of tumor
progression during neoadjuvant immunotherapy and irAEs.

Stefano Bongiolatti: In my opinion, the major concern
of immunotherapy in the neoadjuvant setting is the lack
of large data on long-term oncological outcomes. The
reported results on the deep impact of ICIs on MPR and
should be associated with improved long-term results, but
data on DFS and OS are still weak.

Yusuke Tomita: Although clinical studies report that the
timing of surgery has not been significantly delayed, there is
a potential risk of treatment delay of surgery in neoadjuvant
therapy.

Filippo Longo: We do not use immunotherapy in the
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neoadjuvant setting.

In-Jae Oh: I worried about tumor progression after
neoadjuvant I-O resulting in unresectable stage NSCLC.
So, we have to find the predictive biomarkers for
neoadjuvant I-O with minimal tumor progression.

Nobuhiko Seki: My main concern is that treatment-
related AEs, hyperprogression, and pseudoprogression may
prevent subsequent curative surgery. Alternatively, TRAEs
such as pituitary hormone deficiency may force some
patients to continue hormone replacement therapy after
surgery. Perhaps some of these patients could have been
cured by surgery alone.

Pierfilippo Crucitti: We do not use immunotherapy in
the neoadjuvant setting.

Sai Yendamuri: The possibility of pneumonitis in a
marginal patient may make the patient unresectable in
terms of compromised lung function.

Sang-Won Um: Hyperprogression of disease and ICI-
related disease such as pneumonitis are the two main
concerns.

Shinji Sasada: [My concern is] surgery being discontinued
due to the complication of strong irAEs.

Ben G. L. Vanneste: [My concern is] exacerbation
of side effects, difficulties in wound healing, and more
complications.

Dirk De Ruysscher: More surgical complications, i.e.,
more open procedures because of fibrotic tissue in the hilar
region of the lung.

(I11) How do you choose the adjuvant therapy after the
neoadjuvant immunotherapy surgery?

Federico Cappuzzo: We are not using immunotherapy
neoadjuvant outside clinical trials.

Junji Uchino: The evidence is lacking at present, and it
is considered that it will not be carried out. Future clinical
studies are desirable.

Kye Young Lee: It depends on the final pathologic
staging and pathologic response. I do not think that
adjuvant therapy is necessary in the case of p-stage IA or
IB. In the cases of p-stage II or III with MPR or pCR,
adjuvant therapy could be omitted. But in the cases without
MPR or pCR, I recommend adjuvant anti-PD-1 single
immunotherapy.

Mariano Provencio: I think this is an added problem.
Outside of the trial, I think we should stick to the current
standard and not use radiotherapy if the resection is
complete, and, since several studies include adjuvant
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immunotherapy postoperatively, maybe it would make
sense. I think it is a difficult issue to be very conclusive, yet
perhaps liquid biopsy and ctDNA data will clarify who to
treat.

Paul Hofman:

()  Adjuvant therapy depends on the resection rate
after neoadjuvant immunotherapy.

(II) It can be of strong interest to follow the patients
not only by CT but also using blood biomarkers
(such as the quantity/level of ctDNA).

(IIT) If some potential genomic alterations (such as
EGFR mutations) were missed on the preoperative
samples (biopsies) and are present in surgical
resected specimen (may be due to the tumor
heterogeneity and/or the low quantity/quality
of DNA extracted from biopsies), it could be of
interest to switch to targeted therapy, such as
osimertinib after surgery.

(IV) Currently the study of adjuvant immunotherapy for
lung cancer is still certainly in the exploratory step
with no mature results.

(V) If the resection is not complete, the choice of
chemotherapy or chemoradiotherapy can be
challenging according to the clinical situation.

(VI) Attention should be given to the MPR, since a low
MPR can be associated with early recurrence.

(VII) We can discuss maintaining immunotherapy after
surgery in case of weak major pathologic response.

Takeo Nakada: The first choice is continuing to maintain
immunotherapy for up to 1 year.

Toyoaki Hida: Adjuvant immunotherapy is administered
when ctDNA is detected after surgery, and adjuvant
immunotherapy is not administered when ctDNA is not
detected after surgery.

William Chi-Shing Cho: This is an unresolved issue for
which no consensus has been reached. If the patient has 3
or more cycles of chemotherapy before surgery, I do not
recommend doing more in the adjuvant phase. I think the
answer will follow the upcoming trials on the correlation
between molecular residual disease and the pertinence of
neoadjuvant immunotherapy in these subgroups.

Haruhiko Sugimura: Actually, we do not yet have our
own experience in this situation.

Muhammad Furqan: [This] needs to be driven by the
data. Obviously. If the patient has received neoadjuvant
chemotherapy, then no further chemotherapy in the
adjuvant setting is needed, but the use of immunotherapy
for 6 months to 1 year after the surgery, as is being done
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in the CheckMate 816 and other ongoing studies, may be
reasonable.

Satoshi Watanabe: I will choose the adjuvant therapy
based on the evidence. For example, adjuvant nivolumab
was administered after neoadjuvant chemoimmunotherapy
followed by surgery in the CheckMate 77T study. If this
study demonstrates a survival benefit, I will use nivolumab
as the adjuvant therapy.

Stefano Bongiolatti: Theoretically, we should complete 6
cycles of perioperative therapy regardless of the pathological
stage with the same preoperative scheme including ICIs.
Adjuvant immunotherapy is recommend for 1 year after
surgery only within clinical trials; besides, the evidence in
this setting is weak.

Yusuke Tomita: There is no evidence to answer this
question. We need to wait for the accumulation of more
evidence.

Filippo Longo: For radiochemotherapy-treated patients
in a neoadjuvant setting, we usually do not perform adjuvant
therapy after surgery. Immunotherapy may be evaluated in
case of tumor relapse.

In-Jae Oh: I usually choose the similar regimen which
was successfully used as neoadjuvant therapy. In case of
adjuvant therapy other than I-O, I want to select platinum
doublet chemotherapy regimen such as paclitaxel/cisplatin,
vinorelbine/cisplatin, or pemetrexed/cisplatin. They are the
standard Korean adjuvant chemotherapeutic agents.

Nobuhiko Seki: Ideally, I would like to provide the
adjuvant therapy only to the patients who are concerned
about the presence of MRD based on the postoperative
ctDNA status. However, I think it will take some time
before the measurements of ctDNA are put into practical
use. Therefore, I currently believe that adjuvant therapy
should be given as much as possible to all patients who may
have distant micrometastasis, even to the patients whose
pCR has been obtained by the neoadjuvant immunotherapy.
By the way, it should be noted that the indications of the
adjuvant immunotherapy for the patients showing negative
PD-L1 status or positive driver mutations are controversial.

Pierfilippo Crucitti: For radiochemotherapy-treated
patients, we usually do not perform adjuvant therapy.
Immunotherapy may be evaluated in the case of tumor
relapse.

Sai Yendamuri: This depends on the extent of response.
If there is complete response, the value of additional therapy
is questionable.

Shinji Sasada: If the resected specimen has a good
pathological response, the same drug as preoperative
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treatment will be used. If it does not work, I choose the
cytotoxic chemotherapy recommended in the guidelines.

Ben G. L. Vanneste: [This depends] on stage: IA, no; IB
is controversial, and one or more high-risk features could
be determined, including lymphovascular invasion, poor
differentiation, or high SUV on PET, which is variably
defined as SUV 10 or higher. Stage II and IIIA patients are
candidates.

Dirk De Ruysscher: For stage IC-IIIA, we use 4 cycles of
platinum-doublet therapy.

(V) Which regimen or combination do you prefer to use as
the neoadjuvant immunotherapy? Why?

Federico Cappuzzo: Not applicable.

Junji Uchino: Given the findings of the present clinical
studies, nivolumab plus chemotherapy (in the NADIM
study) may be the most promising regimen.

Kye Young Lee: I prefer KEYTRUDA monotherapy for
2 cycles in the case of high PD-L1 expression (>50%). If
the tumor PD-L1 expression is low, chemoimmunotherapy
maybe better with the consideration of age factor and
performance status. Chemotherapy regimen is platinum-
based doublet depending on the histology. (paclitaxel-
based in squamous cell type and pemetrexed-based in
nonsquamous cell type). I think that 2 cycles will be enough
for neoadjuvant immunotherapy because cytotoxic T-cells
recruitment develops relatively early after immunotherapy.

Mariano Provencio: I have a lot of very good experience
with nivolumab and CarboTaxol which is useful in all
histologies and has moderate adverse effects.

Paul Hofman: The IONESCO [trial] can be of interest
too (for stage IB-II) since the primary end point is also
RO resection. However, in our institution (University
Cote d’Azur, Nice, France) we use the ongoing AEGEAN
clinical trial (durvalumab + chemo versus chemo + placebo).
The MPR seems higher than in some other neoadjuvant
immunotherapy options. Nivolumab vs. nivolumab +
ipilimumab was of interest (NEOSTAR study) at the
beginning since it was for stage I-IITA (all early stages).
However, the MPR was 24% for primary outcomes and so
certainly too weak.

"Takeo Nakada: I experienced some clinical trials of neoadjuvant
immunotherapy (durvalumab, atezolizumab, nivolumab,
and pembrolizumab) plus chemotherapy. However, the
number was not enough. Therefore, I cannot answer this
question.

Toyoaki Hida: [I prefer] PD-1 inhibitor combined
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with chemotherapy (cisplatin + pemetrexed for NSQ,
carboplatin + paclitaxel for SQ) with reference to the
results of the CheckMate 816 study.

William Chi-Shing Cho: We need trials to determine
this. It seems that most regimens involve platinum-based
chemotherapy plus anti-PD-1/PD-L1 drugs. I have seen
some good responses to this approach. For adenocarcinoma,
I usually select pembrolizumab (KEYTRUDA)/nivolumab
(Opdivo) + pemetrexed + platinum, while for squamous
cell carcinoma, I select pembrolizumab (KEYTRUDA) +
paclitaxel-albumin/gemcitabine + platinum. However, I do
not think it is necessary to give cisplatin. We have seen some
good responses to the carboplatinum-based regimen. To
better evaluate this, we need the best response assessment
and biomarker exploration of neoadjuvant immunotherapy.

Haruhiko Sugimura: Nivolmab + ipilimumab may be
only one choice as far as the data available to us, or cisplatin,
ALIMTA (pemetrexed sodium hydrate), and pembrolizmab.

Muhammad Furqan: This will be determined based
on data. The CheckMate trial 816 supports the use of
nivolumab with platinum-doublet therapy.

Satoshi Watanabe: I think we have to choose treatment
regimens based on the biomarkers including PD-L1 status.
Single-agent immunotherapy is preferred for patients with
high TPS and chemoimmunotherapy should be selected for
patients with low-to-intermediate expression of PD-L1.

Stefano Bongiolatti: The results from the initial
experiences with chemotherapy associated with ICIs are
encouraging and promising because the MPR and pCR rates
are higher than those reported by traditional chemotherapy
and single-agent immunotherapy. In my opinion, when
more data about DFS or OS are available, the combined
approach between chemotherapy and immunotherapy could
be advantageous for patients.

Yusuke Tomita: Immune checkpoint blockade
combined with chemotherapy might be preferred because
some clinical trials of immunotherapy combined with
chemotherapy show higher a MPR rate compared to single-
agent neoadjuvant immunotherapy. Immune checkpoint
blockade combined with chemotherapy may be able to
reduce a risk of hyperprogressive disease.

Filippo Longo: We do not perform neoadjuvant
immunotherapy.

In-Jae Oh: I have no idea about the specific I-O regimen
yet. But, early reports of global clinical trials show neoadjuvant
nivolumab and atezolizumab are promising. A Chemo-I-O
combination regimen does have not enough evidence.

Nobuhiko Seki: As the neoadjuvant immunotherapy, 1
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expect to use immunotherapy combined with chemotherapy
on the basis of a higher MPR rate compared to single-
agent neoadjuvant immunotherapy. Furthermore, regarding
immunotherapy in combination, I prefer the PD-1
inhibitors rather than the PD-L1 inhibitors according to
the results of several phase II trials so far although I do not
know for sure until the results of the phase III trials are
available.

Pierfilippo Crucitti: We do not perform neoadjuvant
immunotherapy.

Sai Yendamuri: [We prefer] chemoimmunotherapy.

Shinji Sasada: Numerous clinical trials have been
conducted, but I am not sure which drug is better. If
the patient’s general condition is good, chemotherapy
combination is preferred.

Ben G. L. Vanneste: [We prefer] a combination of
nivolumab and ipilimumab because Cascone er al. (33).
reported on this combination with MPR rates of 50% (8/16),
compared with nivolumab alone. Nivolumab + ipilimumab
resulted in higher pathologic complete response rates
(10% vs. 38%), less viable tumor (median 50% vs. 9%), and
greater frequencies of effector, tissue-resident memory, and
effector memory T cells.

Dirk De Ruysscher: PD-L1 <50%: in studies, but any
anti-PD-1/L1 will be oaky when given with concurrent
chemotherapy (squamous: carboplatin-paclitaxel;
nonsquamous histology: carboplatin-pemetrexed). PD-L1
>50%: in studies, but any anti-PD-1/L1 will do.

(V) Do you think the surgery after neoadjuvant
immunotherapy is more challenging? Why?

Federico Cappuzzo: No, recent data are showing no
increased risk (ASCO 2021).

Junji Uchino: Changes in the nature of the target region
and fibrosis of the background lung, etc.

Kye Young Lee: It can be possible, but usually it
is limited. Generally, I do not think that neoadjuvant
immunotherapy involves significant difficulties for surgical
techniques.

Mariano Provencio: No, I believe it has the same or similar
difficulty as after chemotherapy and the published studies
(NADIM and CM 816) do not indicate more difficulty, time,
or complications than exclusive chemotherapy.

Paul Hofman: It seems according to some recent
presentations made at the ASCO meeting (June 2021)
that surgery is no more challenging after neoadjuvant
immunotherapy. However some investigators previously
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reported difficulties due to lymph node inflammation
response and also mediastinal fibrosis and/or some
necrotic areas. The main challenge can be a risk of tumor
progression between the initial diagnosis to the surgical
decision due to the delay compared to the standard of care.

Takeo Nakada: Yes, I do. After neoadjuvant immunotherapy,
inflammatory changes cause strong adhesions between the
pulmonary arteries and metastatic lymph nodes. This may
increase the risk of massive intraoperative bleeding.

Toyoaki Hida: No, according to the results of the
CheckMate 816 study.

William Chi-Shing Cho: In general, after neoadjuvant
immunotherapy, the surgical difficulty is increased, due to
tissue proliferation, pulmonary fibrosis, and edema. The
possible technical challenges during surgery and drug adverse
effects during or after treatment, such as pneumonia and
endocrinopathy, are still worthy of attention. However,
we have a small amount of existing data showing that it is
similar to other postinduction cases (postchemotherapy or
postchemoradiotherapy). I think the CheckMate 816 shows that
surgery after immunochemotherapy is not more complicated.

Haruhiko Sugimura: irAE, definitely.

Muhammad Furqgan: I do not think so; however, it may
be challenging in some cases due to inflammatory or fibrotic
changes in tumor. The CheckMate 816 data do not suggest
this is a concern.

Satoshi Watanabe: Yes. Neoadjuvant immunotherapy
may increase the risk of postoperative complications.

Stefano Bongiolatti: Surgery after neoadjuvant
immunotherapy is more challenging due to presence a
strong scar tissue in the bronchovascular space which
can lead to more extensive (pneumonectomies) or more
complex (single or double sleeve) lung resection, sometimes
in absence of a direct tumor invasion. This last issue could
expose the patients to the risks and complications of an
extended or a more complex procedure in the absence of
cancer, but unfortunately, we do not have any data on the
preoperative radiological imaging, and also the RECIST
criteria are not completely reliable in this setting. In my
opinion, if a surgeon is confident with lung resection after
traditional neoadjuvant treatment, he/she may be initially
surprised by the hilar scar tissue, but he/she could overcome
this issue with his/her adequate technical background,
keeping in mind that pneumonectomy after neoadjuvant
treatment is not recommended due to the potential risk of
severe complications and to the functional impairment that
could preclude any adjuvant treatment.

Yusuke Tomita: There is no evidence to answer this
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question.

Filippo Longo: In my personal experience
immunochemotherapy-treated patients develop tissue
imbibition which makes surgery more complex (increased
bleeding mainly because of a more fragile parenchyma). I
am talking about patients who were initially judged not to
be resectable for NSCLC but with a very good response
to therapy that makes surgery feasible even months after
an initial evaluation. Postoperative air leaks and significant
persistent pleural effusion have been observed.

In-Jae Oh: Korean surgeons indicate that there is no
difficulty after neoadjuvant I-O. But there are several
difficulties, such as radiation fibrosis and adhesion after
neoadjuvant (chemo)radiation. Personally, I worry about
postoperative interstitial pneumonitis in case of neoadjuvant
I-O especially in patients with pulmonary fibrosis or severe
emphysema.

Nobuhiko Seki: I do not think the surgery after the
neoadjuvant immunotherapy is more challenging because it
does not seem to affect the morbidity and the early mortality
significantly although the neoadjuvant immunotherapy
may destroy the primary tumor vascularization and
microenvironment, resulting in adhesions and fibrosis,
increasing the difficulty and duration of surgery.

Pierfilippo Crucitti: In our experience, immunochemotherapy-
treated patients develop tissue imbibition which makes
surgery more complex and there is an increased risk of
major bleeding. Patients who are initially judged not
resectable for NSCLC but with a very good response to
therapy thus making surgery feasible even months after an
initial evaluation being operated with a major incidence
of postoperative air leaks as well as significant persistent
pleural effusion has been observed.

Sai Yendamuri: Yes, surgery after neoadjuvant
immunotherapy can be more challenging, due to the
increased fibrosis but not always, and attempt to resect
minimally invasively must be first made. However, the
surgeon should be prepared to open.

Sang-Won Um: I do not think so. The difficulty
of surgery after neoadjuvant immunotherapy or
immunochemotherapy seems to be similar to that of surgery
after neoadjuvant chemoradiation.

Shinji Sasada: I think that neoadjuvant immunotherapy
may be similar to or advantageous to conventional cytotoxic
chemotherapy in the absence of myelosuppression.

Ben G. L. Vanneste: Yes, there is evidence that
neoadjuvant immunotherapy increases surgery-related
complications; however, the texture of surrounding lungs
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and blood vessels and other tissues change. Caution is
needed for additional surgical risks.

(VD) Which condition is the most challenging surgery:
neoadjuvant chemotherapy, neoadjuvant immunochemotberapy,
or neoadjuvant tyrosine kinase inhibitor (TKI) therapy?
Why?

Federico Cappuzzo: The only data we have are with
neoadjuvant chemotherapy, and it seems that the risk for
complications is higher among patients receiving neoadjuvant.

Junji Uchino: I think it is neoadjuvant immunochemotherapy.
It is difficult to judge the effect by the treatment, and
identifying the excision region is also difficult. And, the
lowering of the operative tolerance by AE such as ILD is
also concerned.

Kye Young Lee: Maybe neoadjuvant immunochemotherapy,
because treatment-related fibrosis in peritumoral tissues
may provoke surgical complications.

Mariano Provencio: I believe that the most important
thing in surgery after neoadjuvant is to achieve R0, and this
is achieved in a high percentage [of patients] with the use of
chemoimmunotherapy, so my preferences go that way.

Paul Hofman: I have no personal experience of the
comparative impact of these regimens on surgery. Moreover,
[I am] not sure that TKI therapy has a higher negative
impact on surgery than does neoadjuvant immunotherapy
or chemotherapy. The main challenge again is certainly the
risk of tumor progression before surgery due to the delay.

"Takeo Nakada: I think that neoadjuvant immunochemotherapy
causes the most prominent inflammatory changes around
the hilum. Neoadjuvant immunochemotherapy is the most
challenging surgery.

Toyoaki Hida: Neoadjuvant chemotherapy (when
anticancer drugs are not effective). Neoadjuvant TKI
therapy (when TKIs are not effective, and when there is a
risk of developing interstitial pneumonia as a side effect).

William Chi-Shing Cho: I think it is neoadjuvant TKI
therapy. Nevertheless, there are many factors at play, such
as the optimum neoadjuvant dosage, the optimal number
of cycles, and the interval from the final administration of
neoadjuvant agents to operation. We do not have large-
scale data on these issues. It is very important to study this
carefully in ongoing and future trials. Sometimes, it depends
on how long the patient receives treatment. For example,
in an ongoing trial with 2—4 cycles of induction therapy,
some cases are fairly simple. The challenge is that we are
not very clear about the factors in predicting more difficult
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operations, especially due to the lack of surgical treatment
experience for neoadjuvant immunochemotherapy
with inflammatory effects, such as pneumonitis and
endocrinopathies. Therefore, new biomarkers that can
predict residual disease after neoadjuvant therapy are
essential for selecting patients and improving clinical
outcomes of treatment, including surgery. Along this line,
the development of liquid biopsy (such as ctDNA) may help
us avoid invasive restaging and further inform us of the
utility of surgery when pCR occurs.

Haruhiko Sugimura: Again irAEs. Cooperative work
with surgeon, oncologists and pathologists are necessary,
but sometimes not well organized.

Muhammad Furqan: [It is] hard to answer this question
without data. It is plausible that immunotherapy may cause
more inflammatory and fibrotic changes compared to
chemotherapy or TKI; however, the CheckMate 816 data
support that the surgical outcomes are not different when
compared to neoadjuvant chemotherapy.

Satoshi Watanabe: I think neoadjuvant immunochemotherapy
has more risks of postoperative complications because
patients would have AEs due to chemotherapy and irAEs
due to immunotherapy.

Stefano Bongiolatti: I think it is very difficult to
answer this question, because patients have different
histories, different reactions, and different responses to
the treatments. An accurate preoperative evaluation that
includes all the patients’ CT scans (from the beginning of
the treatment) is the key to planning surgery in the safest
and most effective way.

Yusuke Tomita: We need more evidence to answer this
question.

Filippo Longo: In our experience radiochemotherapy is
the standard approach in a neoadjuvant setting; subsequent
surgery is always challenging because of anatomic remodeling
and pleural adhesions, especially when minimally invasive
procedures (VATS) are performed. I believe that major lung
resections after immunochemotherapy is challenging as well
mainly because a typically more fragile lung parenchyma.

In-Jae Oh: My though is neoadjuvant chemo is the
most challenging surgery because the objective response
rate (ORR) is about 30%. But, the response rates of
immunochemotherapy and TKI therapy are better than
chemotherapy especially in patients with high PD-
L1 expression or driver mutation. Many surgeons and
physicians want to improve after neoadjuvant treatment.

Nobuhiko Seki: Regarding the comparison between
the neoadjuvant chemotherapy and the neoadjuvant

Transl Lung Cancer Res 2021;10(9):3713-3736 | https://dx.doi.org/10.21037/tlcr-21-634



Translational Lung Cancer Research, Vol 10, No 9 September 2021

immunochemotherapy, I do not think there exists a
difference in surgical difficulty. In AACR2021 and
ASCO2021, nivolumab + platinum-doublet chemotherapy
vs. chemotherapy as neoadjuvant treatment for resectable
(IB-IITA) NSCLC in the phase 3 CheckMate 816 trial was
reported. In this trial, surgery-related SEs indicated no
difference between the groups. On the other hand, because
there are no controlled trials so far, I do not have a clear
answer regarding the comparison between neoadjuvant
chemotherapy and neoadjuvant TKI therapy. At present, the
phase 3 trial of osimertinib with or without chemotherapy
vs. chemotherapy alone as neoadjuvant therapy for
patients with EGFR mutation-positive resectable NSCLC
(NeoADAURA) is ongoing. Therefore, I think we should
wait for the results of this trial to conclude if there exists a
difference in surgical difficulty between the groups.

Pierfilippo Crucitti: In our experience radiochemotherapy
is the standard approach in a neoadjuvant setting;
subsequent surgery is always challenging because of
anatomic remodeling and pleural adhesions, especially
when minimally invasive procedures (VATS) are
performed. I believe that major lung resections after
immunochemotherapy are also more challenging mainly
because the lung parenchyma is more fragile.

Sai Yendamuri: Neoadjuvant immunochemotherapy [is
more challenging] due to the issues outlined above.

Sang-Won Um: Surgery after neoadjuvant
immunochemotherapy seems to the most challenging since
neoadjuvant immunochemotherapy may cause adhesion and
fibrosis of mediastinal or hilar structures.

Shinji Sasada: I think neoadjuvant immunochemotherapy
will be the most challenging of surgery. This is because it
is necessary to consider immunosuppression by cytotoxic
chemotherapy and irAEs by immunotherapy. It is also likely
that immunotherapy will cause local fibrosis.

Dirk De Ruysscher: Neoadjuvant treatment with
immunotherapy [is the most challenging] because of
fibrosis.
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