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Robotic-assisted thoracic
surgery following neoadjuvant
chemoimmunotherapy in
patients with stage Il non-small
cell lung cancer: A real-world
prospective cohort study

Yang Gao“***, Juan Jiang*>®”!, Desheng Xiao® Yanwu Zhou®,
Yufan Chen?, Huaping Yang**®’, Lijing Wang®'°, Jun Zeng",
Baimei He®*°, Ruoxi He*>®’, Min Lj*>°71*

and Zhaogian Liu***

‘Department of Thoracic Surgery, Xiangya Hospital, Central South University, Changsha, China,
2Department of Clinical Pharmacology, Hunan Key Laboratory of Pharmacogenetics, Xiangya Hospital,
Central South University, Changsha, China, *Hunan Engineering Research Center for Pulmonary
Nodules Precise Diagnosis & Treatment, Changsha, China, “Xiangya Lung Cancer Center, Xiangya
Hospital, Central South University, Changsha, China, *Department of Respiratory Medicine, National
Key Clinical Specialty, Branch of National Clinical Research Center for Respiratory Disease, Xiangya
Hospital, Central South University, Changsha, China, °Clinical Research Center for Respiratory
Diseases in Hunan Province, Changsha, China, "Hunan Engineering Research Center for Intelligent
Diagnosis and Treatment of Respiratory Disease, Changsha, China, ®Department of Pathology, Xiangya
Hospital, School of Basic Medicine, Central South University, Changsha, China, °Department of
Geriatric Medicine, Xiangya Hospital, Central South University, Changsha, China, *°National Clinical
Research Center for Geriatric Disorders, Xiangya Hospital, Central South University, Changsha, China

Objective: Stage Ill non-small cell lung cancer (NSCLC) is a heterogeneous
group of diseases. For this subset of patients, clinical management is still under
debate and prognosis remains poor so far. In the present study, we aimed to
evaluate the feasibility and safety of robotic-assisted thoracic surgery after
neoadjuvant chemoimmunotherapy in stage Ill NSCLC.

Methods: A real-world prospective cohort study was performed in a single-center
setting from April 2021 to May 2022. Patients who were diagnosed with resectable
or potentially resectable stage [lIA-B NSCLC and received neoadjuvant
chemoimmunotherapy followed by robotic-assisted thoracic surgery were
enrolled. Pathological response to neoadjuvant chemoimmunotherapy,
treatment-related adverse events, and surgical outcomes of these patients were
evaluated.

Results: A total of 44 patients who underwent robotic-assisted thoracic surgery
after three doses of neoadjuvant chemoimmunotherapy were included in this
study. Of these, 36 of 44 (81.8%) patients had a major pathological response, and
26 (59.1%) had a pathological complete response based on pathological
examination of surgical specimen. Eight patients (18.2%) suffered grade 3
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treatment-related adverse events, including neutropenia (n = 4), increased
aminotransferases (n = 3), anemia (n = 1), and cutaneous capillary endothelial
proliferation (n = 1). Robotic-assisted thoracic surgery was performed
subsequently, and RO resection was achieved in all patients. Only two (4.5%)
patients required conversion to thoracotomy. Surgical complications occurred
in five (11.4%) patients, including air leak (n = 3), chylothorax (n = 2), and surgical
site infection (n = 1). There was no re-surgery or postoperative mortality within
90 days.

Conclusion: Robotic-assisted thoracic surgery following neoadjuvant
chemoimmunotherapy showed good feasibility and safety in stage IIl NSCLC.
It was not associated with unexpected perioperative morbidity or mortality and
may be a promising therapeutic option in stage Ill NSCLC. These results need
further confirmation by more large-scale clinical trials.

KEYWORDS

non-small cell lung cancer, neoadjuvant therapy, chemoimmunotherapy, robotic-

assisted thoracic surgery, neoadjuvant immunotherapy

Introduction

NSCLC accounts for 80%-85% of all lung cancers worldwide
and has become the top killer among cancers (1). Approximately
30% of patients with NSCLC are diagnosed with stage III disease,
which represents a potentially curable disease (2). However,
clinical prognosis of this subset of patients remains poor with a
5-year overall survival ranging from 13% to 36% (3).

Stage IIT NSCLC is a heterogeneous group of diseases
with varying tumor and nodal statuses, treatment
options, and prognosis. Multidisciplinary cooperation and
multimodality treatments including radiotherapy,
chemotherapy, immunotherapy, and surgical resection are
required when dealing with patients with stage III NSCLC (4).
Currently, surgical resection with adjuvant therapy is the first
option for patients with resectable stage III NSCLC, and surgery
plus neoadjuvant therapy is recommended in potentially
resectable diseases, while radical concurrent chemoradiotherapy
is recommended for those with unresectable diseases. Over the
past decades, numerous studies have been conducted using
chemotherapeutic agents, radiotherapy, and immune checkpoint
inhibitors in stage III NSCLC. Despite survival advantages of
neoadjuvant chemotherapy have been confirmed, the 5-year
overall survival rate is slightly increased by 5% for patients with
stage III NSCLC. In recent years, neoadjuvant immunotherapy
with immune checkpoint inhibitors, combined with
chemotherapy or not, has shed new light to this subpopulation
(5). However, it also brings challenges including immune-related
adverse events, surgical delay, increased surgical complexity, and
conversion to thoracotomy. Therefore, there is an urgent need for

Frontiers in Oncology

exploring more effective multimodality therapeutic strategies to
improve prognosis of patients with stage III NSCLC.

Robotic-assisted thoracic surgery (RATS) is an optional
minimally invasive surgical approach for patients with NSCLC.
Compared with thoracotomy, RATS offers numerous benefits,
including reduced surgical trauma, milder postoperative pain, and
less complications. Furthermore, RATS had several advantages
over video-assisted thoracoscopic surgery (VATS). The robotic
system provided improved three-dimensional vision and
advanced instruments with more degrees of motion freedom,
higher resolution, and better ergonomics (6). It has been reported
that robotic-assisted surgeries were associated with reductions
in mortality, length of stay, and complication rates when
compared with thoracotomy and VATS (7, 8). However, it is
unknown whether RATS might have any potential benefits in
pulmonary resection of stage III NSCLC after neoadjuvant
chemoimmunotherapy, which usually represents more complex
thoracic surgical procedures.

Herein, we investigated the efficacy and safety of a therapeutic
strategy combining neoadjuvant chemoimmunotherapy with
RATS, through analyzing the real-world data of 44 patients with
stage IIIA-B NSCLC who underwent RATS following
neoadjuvant chemoimmunotherapy at Xiangya Hospital.

Methods
Study design and participants

This is a real-world prospective cohort study conducted at a
tertiary hospital in China from 1 April 2021 to 31 May 2022. The
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inclusion criteria of patients were listed as follows: (1) adult
NSCLC patients, which was histologically confirmed in tissue;
(2) stages IIIA/B eligible for surgery which were evaluated by
comprehensive imaging examinations and lung function test; (3)
no systemic cancer therapy was received; (4) ECOG
performance status score <2. Patients who met any of the
following criteria were excluded: (1) <18 years old; (2) EGFR
or ALK aberrations positive; (3) immunodeficiency diseases,
interstitial lung diseases, active hepatitis B, active tuberculosis,
and current systemic immunosuppressive therapy with either
corticosteroids (>10 mg daily prednisolone equivalent) or other
immunosuppressive agents; (4) concurrent solid or
hematological malignancies; (5) any previous medical
treatment with immune checkpoint inhibitors. A total of 44
treatment-naive patients were diagnosed as resectable or
potentially resectable stage III NSCLC by a multidisciplinary
team at Xiangya Hospital, received neoadjuvant
chemoimmunotherapy, and underwent RATS. This work has
been reported in line with the STROCSS criteria (9). This study
was registered in the Chinese Clinical Trial Registry (registration
number: ChiCTR2200057840) and approved by the Institutional
Review Board and Ethics Committee of Central South
University (202104002).

Therapy procedures

Patients received three cycles of immune checkpoint
inhibitors and platinum-based doublet chemotherapy as
neoadjuvant treatment before surgical resection. All the
drugs were administrated intravenously on day 1 of each 21-
day treatment cycle. Before each treatment cycle, laboratory
blood tests were routinely performed to monitor blood cell
counts and biochemical parameters. After the completion of
neoadjuvant chemoimmunotherapy, patients underwent a
standard preoperative staging workup to assess the
feasibility of surgical resection, including contrast-enhanced
computed tomography (CT) scan of the chest, (18)F-
fluorodeoxyglucose positron emission tomography/CT scan,
brain imaging with magnetic resonance imaging or CT, and
bronchoscopy examination before surgery. Subsequently,
resection of the primary tumor and lymph nodes was
completed by using the da Vinci surgical system
(Intuitive Surgical, California, USA) according to standard
institutional procedures.

Pathological response assessments
Pathological responses of patients were used to evaluate the

efficacy of neoadjuvant chemoimmunotherapy. Surgical
samples of primary tumor from lung and lymph nodes were
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examined in the Department of Pathology and staged
according to the criteria of the American Joint Committee on
Cancer (the eighth edition). Percentages of residual viable
tumor cells were determined by routine hematoxylin and
eosin staining. Major pathological response (MPR) was
defined as no more than 10% viable tumor cells remaining in
the primary tumor on postoperative pathologic review.
Incomplete pathological response (IPR) was defined as the
presence of more than 10% viable tumor cells in the primary
tumor. Pathological complete response (pCR) was defined as
no viable tumor cells remaining in the resected lung cancer
specimen and all sampled regional lymph nodes (10-12).

Clinical data collection

Data of demographic information, clinical characteristics,
histology subtypes, neoadjuvant treatment regimens,
pathological responses, surgical details, and perioperative
outcomes were extracted from medical records of patients.
Postoperative 30- and 90-day mortality was obtained by
routine monthly follow-up after surgery. Adverse events were
assessed according to the National Cancer Institute Common
Terminology Criteria for Adverse Events (CTCAE, V5.0).
Surgical complications were defined according to the Society
of Thoracic Surgeons database criteria. For all clinical data in
this study, continuous variables were expressed as median and
interquartile ranges. Categorical variables were expressed as
numbers and percentages.

Results
Baseline characteristics of patients

As shown in Table 1, a total of 44 patients diagnosed as stage
III NSCLC were included in this study. Their ages ranged from 35
to 70 years (median age: 61.5 years). Among these patients, 33
(75.0%) were men and 33 (75.0%) were current or former
smokers. Forty-one of 44 (93.2%) patients had ECOG
performance status score <1. Preoperative FEV1% predicted
ranged from 60% to 100% (median FEV1% predicted: 85%).
Overall, 61.4% of them were confirmed as stage IITA and 38.6%
as stage IIIB at baseline. A total of 33 (75.0%) patients were
diagnosed as squamous cell carcinoma, while 10 (22.7%) were
adenocarcinoma and one (2.3%) was adenosquamous carcinoma
by preoperative tumor biopsy. There were six kinds of PD-1
inhibitors used for neoadjuvant therapy, including nivolumab
(n = 20), camrelizumab (n = 8), toripalimab (n = 6),
tislelizumab (n = 4), sintilimab (n = 4), and pembrolizumab
(n = 2). Detailed baseline characteristics of each patient are shown
in Supplementary Table 1.

frontiersin.org


https://doi.org/10.3389/fonc.2022.969545
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Gao et al.

TABLE 1 Baseline characteristics of patients and pathological
responses to neoadjuvant chemoimmunotherapy.

Characteristics Median (IQR) or n (%)
Age, years 61.5 (54-65)
Male 33 (75.0)
Smoking history
Non-smoker 11 (25.0)
Former or current smoker 33 (75.0)
ECOG PS score
0 27 (61.4)
1 14 (31.8)
2 3(6.8)

FEV1% predicted
Clinical stage

85% (75-90%)

IIIA 27 (61.4)
I1IB 17 (38.6)
Histologic subtype
Squamous cell carcinoma 33 (75.0)
Adenocarcinoma 10 (22.7)
Others 1(2.3)
Neoadjuvant chemoimmunotherapy
ICI types
Nivolumab 20 (45.5)
Camrelizumab 8 (18.2)
Toripalimab 6 (13.6)
Tislelizumab 4(9.1)
Sintilimab 4(9.1)
Pembrolizumab 2 (4.5)
Chemotherapy regimens
TC 31 (70.5)
TP 6 (13.6)
PC 5 (11.4)
TL 2 (4.5)
Pathological response
MPR 36 (81.8)
pCR 26 (59.1)

PS, performance status; Scc, squamous cell carcinoma; Ade, adenocarcinoma; ICI,
immune checkpoint inhibitors; TC, paclitaxel plus carboplatin; TP, paclitaxel plus
cisplatin; PC, pemetrexed plus carboplatin; TL, paclitaxel plus lobaplatin; pCR,
pathological complete response; MPR, major pathological response; IQR, interquartile
range which describes the middle 50% of values when ordered from lowest to highest;
FEV1, forced expiratory volume in one second.

Pathological response to neoadjuvant
chemoimmunotherapy and treatment-
related adverse events

All patients received three cycles of neoadjuvant
immunotherapy plus platinum-based doublet chemotherapy
before surgery. In total, 36 (81.8%) of 44 patients who underwent
surgery had an MPR and 26 (59.1%) had a pCR (Table 1).
Representative radiological and histological images of case 7, who
achieved pCR after neoadjuvant chemoimmunotherapy, are shown
in Figure 1. Regression in the tumor area with viable tumor cells in
surgical specimen of these patients is summarized in Figure 2.
Overall, 83% of patients suffered treatment-related adverse events of
any grade after neoadjuvant chemoimmunotherapy (Table 2). Only
eight patients (18.2%) presented grade 3 adverse events, including
neutropenia (n = 4), increased aminotransferases (n = 3), anemia
(n=1), and cutaneous capillary endothelial proliferation (n = 1). No
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grade 4 or 5 adverse events were observed. The most common
treatment-related adverse events included neutropenia (29.6%),
increased aminotransferases (20.4%), anemia (18.2%), neurotoxic
effects (18.2%), rash (13.6%), fatigue (11.4%), and decreased
appetite (11.4%).

Surgical outcomes of patients
undergoing RATS after neoadjuvant
chemoimmunotherapy

Surgical outcomes are summarized in Table 3. All 44 patients
underwent RATS after neoadjuvant chemoimmunotherapy.
RO resection was performed in all patients, and neoadjuvant
chemoimmunotherapy did not delay planned surgery.
Lobectomy, bilobectomy, sleeve lobectomy, and pneumonectomy
were performed in 39, two, two, and one patient, respectively.
Adhesion, fibrosis, edema, and microbleeds in the chest were
commonly observed during surgery (Figure 3). A surgical video
for case 7 was attached as supplementary materials to show more
details of RATS procedures. The median surgical time of these
patients was 191 min (interquartile ranges: 150-235 min). The
median estimated blood loss was 100 ml (interquartile ranges: 50—
150 ml). Only two (4.5%) required conversion to thoracotomy.
Surgical complications occurred in five (11.4%) patients, including
air leak (n = 3), chylothorax (n = 2), and surgical site infection (n =
1). The median postoperative length of stay was 6.5 days. No patient
died within 30 or 90 days after surgery. Detailed surgical outcomes
of each patient are shown in Supplementary Table 2.

Discussion

In this study, we investigated the feasibility and safety of
RATS after neoadjuvant chemoimmunotherapy in stage III
NSCLC, which has not been well defined in previous studies.
Our data support that neoadjuvant chemoimmunotherapy
followed by RATS may be a promising therapeutic approach
with a high pCR rate and low incidence of conversions and
surgical complications for patients with stage IIT NSCLC.

Neoadjuvant therapy is an effective approach for patients with
stage III NSCLC to increase resectability and extend survival (13).
While meta-analyses of neoadjuvant chemotherapy revealed a
significant survival advantage (HR = 0.87, P = 0.007) over surgery
alone, only 22% of patients with stage I-IIIA NSCLC who received
neoadjuvant chemotherapy achieved MPR, and 4% achieved pCR
(10, 14). Encouragingly, neoadjuvant immunotherapy with
immune checkpoint inhibitors has shed new light to resectable
NSCLC, with an MPR rate ranging from 21% and 45%, acceptable
toxicity, no delay in surgery, and no increase in operative
mortality (15-17, 18). Recently, the efficacy and safety of
neoadjuvant chemoimmunotherapy has been demonstrated by a
series of clinical trials. In patients with resectable NSCLC in stages
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Before After Before After
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FIGURE 1

Radiological findings, and histological images in one patient (case 7) with stage Ill NSCLC who underwent robotic-assisted thoracic surgery
following neoadjuvant chemoimmunotherapy. Case 7 had a pathological complete response to neoadjuvant chemoimmunotherapy. (A)
Representative (18)F-fluorodeoxyglucose positron emission tomography/computed tomography before and after neoadjuvant
chemoimmunotherapy. (B) Representative chest computed tomography imaging before and after neoadjuvant chemoimmunotherapy. (C)
Histological examinations of pretreatment tumor biopsy and posttreatment resected tumor specimen by hematoxylin and eosin staining. Poorly
differentiated tumor cells (black arrow) were observed before neoadjuvant chemoimmunotherapy, which was replaced by fibrotic, elastostatic,
and necrotic tissue mixed with inflammatory cell infiltration afterward. Scale bar = 200 um.

I-1II, neoadjuvant atezolizumab plus chemotherapy led to an
MPR rate of 50% and a pCR rate of 21.4% without surgical delay.
Downstaging of nodal status was confirmed in 69% of patients
with N2 at baseline after neoadjuvant therapy (19). In the NADIM
trial (11), neoadjuvant nivolumab and chemotherapy were given

Frontiers in Oncology

to patients with stage ITIA resectable NSCLC. Remarkably, the
results showed that 85% of patients had MPR, 71% had pCR,
and 90% of patients achieved pathological downstaging of the
clinical disease stage before surgery, with no surgical delay
reported. The overall survival at 24 months was 100% in
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pathological response; pCR, pathological complete response.

Regression in tumor area with viable tumor cells in surgical specimen of all patients after neoadjuvant chemoimmunotherapy. MPR, major

pCR (n=26)

patients who achieved an MPR or pCR after neoadjuvant
chemoimmunotherapy, and progression-free survival in patients
with a pCR was significantly higher than that in patients with
an IPR or MPR. Furthermore, updated research data from the
CheckMate 816 trial (an ongoing phase 3 multicenter randomized
controlled trial) strongly demonstrated the advantages of
neoadjuvant chemoimmunotherapy over chemotherapy alone
in NSCLC (20). Besides, several small-scale clinical studies
also supported the efficacy and safety of neoadjuvant

TABLE 2 Treatment-related adverse events of neoadjuvant
chemoimmunotherapy.

Adverse events, n (%) Grade 1-2 Grade 3
Neutropenia 9 (20.5) 4(9.1)
Increased aminotransferases 6 (13.6) 3(6.8)
Anemia 7 (15.9) 1(2.3)
Neurotoxic effects 8 (18.2) 0
Rash 6 (13.6) 0
Fatigue 5(11.4) 0
Decreased appetite 5(11.4) 0
Arthralgia 4(9.1) 0
Thrombocytopenia 4(9.1) 0
Alopecia 3 (6.8) 0
Hiccup 3 (6.8) 0
Constipation 3 (6.8) 0
Hyperthyroidism 3 (6.8) 0
Nausea 2 (4.5) 0
Oral ulcer 2 (4.5) 0
Hypothyroidism 1(2.3) 0
Hyperglycemia 1(2.3) 0
Headache 1(2.3) 0
Cutaneous capillary endothelial proliferation 1(2.3) 1(2.3)
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chemoimmunotherapy in a Chinese population with resectable
NSCLC (21-23). Therefore, preoperative immunotherapy
combined with chemotherapy is believed to represent a
promising therapeutic option to increase resectability and
improve the prognosis of NSCLC.

In this study, we concentrated on exploring an effective and
safe therapeutic strategy for patients in stage III NSCLC, which
encompasses a variety of local invasion and nodal involvement.
Till today, clinical management of stage III NSCLC is still under
debate. Our data consistently showed that neoadjuvant
chemoimmunotherapy achieved a high MPR rate of 81.8% and
a pCR rate of 59.1% in patients who were diagnosed with stage
IITA-B NSCLC and underwent surgery, with well-tolerable
toxicity. Moreover, combination of immunotherapy and
chemotherapy did not cause surgical delay despite increasing
incidence of grade 1-2 treatment-related adverse events.
Together with results from previous clinical trials, our data
consistently support that neoadjuvant chemoimmunotherapy
outperforms neoadjuvant chemotherapy or immunotherapy
alone in pathological response without increasing surgical
delay or severe adverse events, which may further improve the
long-term prognosis of stage III NSCLC. It is noteworthy to
mention that the pathological response to neoadjuvant
chemoimmunotherapy in the NADIM trial (11) and our study,
which focused on stage III NSCLC, was markedly better when
compared with the NCT02716038 and CheckMate 816 trials
which enrolled patients in stage I-III diseases [15, 16]. More
large-scale clinical trials are required to confirm this
phenomenon and investigate the potential mechanisms.
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TABLE 3 Surgical outcomes of patients undergoing robotic-assisted
resection after neoadjuvant chemoimmunotherapy.

Outcomes Median (IQR) or n (%)
RO resection 44 (100)
Incidence of surgical delay 0
Extent of resection
Lobectomy 39 (88.6)
Sleeve lobectomy 2 (45)
Bilobectomy 2 (4.5)
Pneumonectomy 1(2.3)

Surgical time (min)

191 (150-235)

Estimated blood loss (mL) 100 (50-150)

Conversion to thoracotomy 2 (45)
Intraoperative transfusion 3 (6.8)
Re-surgery 0
Surgical complications 5(11.4)
Air leak 3 (6.8)
Chylothorax 2 (4.5)
Surgical site infection 1(2.3)
Postoperative length of stay (days) 6.5 (5-8)
30-day mortality 0
90-day mortality 0

IQR, interquartile range which describes the middle 50% of values when ordered from
lowest to highest.

As an option for minimally invasive thoracic surgery, RATS
has shown at least comparable perioperative outcomes to those
achieved by VATS in NSCLC (7, 8). Besides, a recent study
further showed that robotic-assisted thoracic surgery was more
cost-effective than open thoracotomy (24). Previously, the
feasibility and safety of RATS in NSCLC have been
demonstrated, especially for patients with a pathologic N2
disease (25). However, the safety and feasibility of RATS after
neoadjuvant chemoimmunotherapy in stage IIT NSCLC remain
unclear. Thus, RATS was attempted in this study for patients
with stage III NSCLC after three doses of neoadjuvant
chemoimmunotherapy in order to combine the advantages of
these two therapeutics. RO resection was achieved in all 44
patients, and the median surgical time of RATS (191 min) was
similar to other surgical approaches (184 min) as reported in the
CheckMate 816 trial (26). Only five (11.4%) patients had surgical

10.3389/fonc.2022.969545

complications, and no re-surgery or postoperative 90-day death
event occurred. Our data support that RATS following
neoadjuvant chemoimmunotherapy is safe and feasible in
stage III NSCLC.

The risk of conversion to thoracotomy due to technical
difficulties and serious intraoperative complications has
been worrying for patients receiving neoadjuvant
chemoimmunotherapy, especially for those with stage IIT NSCLC.
In recent years, increasing amounts of studies have reported that
neoadjuvant immunotherapy can cause significant adhesions,
edema, and fibrosis in the chest that may increase surgical
complexity and risk of conversion, which is particularly the case
in patients with a significant treatment response (13). In 2017, Chaft
and his colleagues (27) firstly described that dense fibrosis occurred
after neoadjuvant T-cell checkpoint inhibitors in a series of NSCLC
patients. In the TOP1201 trial, 12 patients with NSCLC were treated
with preoperative chemotherapy and ipilimumab followed by
VATS, and three of 12 (25%) converted VATS to open
thoracotomy (28). Among 13 patients who attempted VATS or
the robotic approach after three cycles of neoadjuvant nivolumab in
the CheckMate159 trial (29), seven (54%) required conversion to
thoracotomy, and the conversion rate was even higher (71%) in
stage IIB/IIIA cases. Encouragingly, in the present study, only two
out of 44 (4.5%) patients required conversion to thoracotomy due to
massive bleeding during the process of RATS. It appeared to be
lower than the conversion rate (11%) of patients receiving
neoadjuvant chemoimmunotherapy in the CheckMate 816 trial.
Therefore, RATS may be advantageous for reducing the conversion
rate in stage III NSCLC based on our results.

There are several limitations in our study. First of all, this
is a single-center real-world prospective cohort study, and the
sample size is relatively small. Thus, the intrinsic
heterogeneity of patients was unavoidable. Moreover, the
single-arm design of this study does not allow us to compare
the efficacy and safety of robotic and non-robotic surgical
treatment stage III NSCLC, which presents an interesting line
of inquiry for future studies. Second, long-term survival
outcomes of these patients have not been evaluated yet.

FIGURE 3

Representative intraoperative views of one patient (case 7) during robotic-assisted thoracic surgery. It showed adhesion and fibrosis (white
arrow), edema, and microbleeds (black arrow) in the chest after neoadjuvant chemoimmunotherapy.
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Third, we calculated the MPR and pCR rates in the total
number patients who underwent surgery rather than the
intention-to-treat population, which may affect the direct
comparison of pathological response between other studies
focusing on neoadjuvant chemoimmunotherapy and ours.
However, we believe that RATS following neoadjuvant
chemoimmunotherapy represents a promising therapeutic
option for patients with stage III NSCLC, which requires
confirmation in future randomized clinical trials.

Conclusions

RATS following neoadjuvant chemoimmunotherapy is an
effective and feasible therapeutic approach in stage III NSCLC.
Patients receiving neoadjuvant chemoimmunotherapy in this
study had high pathological remission rates, which is superior to
neoadjuvant chemotherapy or immunotherapy alone as
reported in previous clinical trials. Subsequent RATS showed a
low conversion rate and low incidence of perioperative
complications. More large-scale randomized studies are
needed to further confirm the advantages of this therapeutic
approach in stage III NSCLC.
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Case report: Major pathologic
response induced by
neoadjuvant treatment using
BRAF and MEK inhibitors in a
patient with stage IllIA lung
adenocarcinoma harboring
BRAF V600OE-mutation

Chaoyuan Liu*, Min Lu*, Yang Yang?, Xiang Wang?,

Fang Ma*™*' and Xianling Liu™!

‘Department of Oncology, The Second Xiangya Hospital, Central South University,
Changsha, China, 2Department of Pathology, The Second Xiangya Hospital, Central South

University, Changsha, China, *Department of Thoracic surgery, The Second Xiangya Hospital,
Central South University, Changsha, China

Targeted therapy has achieved great success in advanced non-small lung cancer
(NSCLC) with driver genes, and neoadjuvant-targeted therapy is increasingly being
investigated. Although neoadjuvant-targeted therapy with EGFR-TKI and ALK-TKI
showed good efficacy, there is no report of neocadjuvant-targeted therapy to BRAF
V600E mutation on NSCLC so far. Here, we report the first case of a successful
neoadjuvant-targeted therapy with BRAF and MEK inhibitors followed by radical
surgical excision with major pathologic response (MPR) in a patient with stage IlIA
lung adenocarcinoma (LUAD) harboring BRAF V60OE mutation. The case informs us
that targeted therapy with BRAF and MEK inhibitors could be administrated as a
neoadjuvant strategy for selected cases of NSCLC harboring BRAF V600E mutation.

KEYWORDS

lung cancer, BRAF V600E mutation, neoadjuvant, targeted therapy, major
pathologic response

Introduction

The emergence of targeted therapy and immunotherapy has brought about
revolutionary changes in the treatment of non-small lung cancer (NSCLC). As for
NSCLC with driver genes, the efficacy of immunotherapy is poor; targeted therapy is
still the mainstream treatment option. The clinical success of targeted therapy in
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patients with advanced NSCLC has also prompted an
assessment of their efficacy in the neoadjuvant setting.
BRAF mutation is recognized as driver mutation in NSCLC
and has been reported in 1%-5% of NSCLC cases, with the
BRAF V600E mutation present in 50% of these cases (1). Due
to the rarity of this mutation, the neoadjuvant treatment to
BRAF V600E mutation is less investigated compared with
EGFR-TKI and ALK-TKI. Published data on the efficacy of
neoadjuvant-targeted therapy to BRAF V600E mutation in
the treatment of malignancy is limited, especially NSCLC.
Herein, we report the first rare case of successful
neoadjuvant-targeted therapy with BRAF and MEK
inhibitors followed by radical surgical excision with major
pathologic response in a patient with stage IITA lung
adenocarcinoma harboring a BRAF V600E-mutant.

Case report

A non-smoking 56-year-old man was presented with cough
in September 2021; family history, physical examination, and
laboratory studies have no positive findings. PET-CT revealed a
nodule in the upper left lung (23 mm x 19 mm), accompanied by
enlargement of multiple lymph nodes of the left lung hilum as
well as mediastinum (4L, 5, 6) (Figure 1). Magnetic resonance
imaging (MRI) of the brain was negative for metastatic disease.
Computed tomography (CT)-guided percutaneous transthoracic
needle biopsy of the nodule was performed, and pathological
analysis and multiple-gene test (26 genes panel) showed lung
adenocarcinoma with BRAF V600E (abundance 24.39%) and a
TP53 mutation (abundance 21.16%); the sample was negative for
oncogenic alterations in EGFR, ALK, ROSI, KRAS, MET, and
RET. The PD-L1 tumor proportion score (TPS) was 90% (Dako
22C3). Therefore, the patient was diagnosed with an AJCC 8th
stage IITA (cT1cN2MO) primary left lung adenocarcinoma

FIGURE 1

10.3389/fonc.2022.961539

harboring BRAF V600E and PD-L1 TPS 90%+ after a
complete initial evaluation.

After diagnosis, the patient initiated treatment with orally
dabrafenib 150 mg twice daily in combination with orally
trametinib 2 mg daily. Five days later, the patient experienced
recurrent episodes of pyrexia which were due to community-
acquired pneumonia and maybe therapy-related. The pyrexia
was managed by the use of antibiotics and temporary drug dose
interruption; the pyrexia resolved 10 days after the use of
antibiotics and drug dose interruption. Chest CT demonstrated
significant improvement of pneumonia; the patient restarted the
bi-targeted therapy with the same dose 2 weeks after the
interruption. The cough improved quickly and finally resolved.
Two months later, at the first radiological assessment, his chest CT
scan showed partial remission (PR) (Figure 2). The patient
underwent robotic surgery of left upper lobectomy and
systematic lymphatic dissection was performed, the surgery
procedure was smooth, and the patient was discharged without
complications 4 days after the operation. Postoperative
pathological analysis showed major pathologic response for the
tumor (Figure 3), and all 14 lymph nodes resected (station 4L, 5, 7,
10, 11, 12) (Figure 4) were negative. Postoperative adjuvant
treatment with dabrafenib and trametinib was prescribed 1
month after surgery. The therapeutic process is shown in
Figure 5. During the disease course, he only experienced
aforementioned pyrexia, which lasted 10 days and resolved with
use of antibiotics and the temporary interruption of bi-targeted
therapy. No other toxic side effects were observed. The patient
currently remains in good condition and complete remission at 3
months after surgery. The case presented here supports the use of
neoadjuvant treatment with BRAF inhibitors in local advanced
non-small lung cancer with BRAF V600E mutation. Our study
received approval from the ethics committee of the second Xiangya
Hospital, Central South University. The patient also provided
written informed consent to publish this case report details.

PET-CT at baseline 1 month before dabrafenib/trametinib treatment. PET-CT scan of the chest at baseline prior to dabrafenib plus trametinib
therapy demonstrated a nodule in the upper left lung with elevated uptake of 18F-fluorodeoxyglucose (FDG), accompanied by enlargement of
multiple lymph nodes of the left lung hilum as well as mediastinum (4L, 5, 6). No other lesions with elevated uptake of 18F-FDG were found.
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One month before treatment
20219145

10.3389/fonc.2022.961539

Two months after treatment
(202112145

FIGURE 2

Computed tomography imaging showed initial response to combination of dabrafenib and trametinib. Left column: CT scan of the chest at
baseline 1 month prior to dabrafenib plus trametinib therapy demonstrated a nodule in the upper left lung (lung window) accompanied by
enlargement of multiple lymph nodes of the left lung hilum as well as mediastinum (mediastinal window). Right column: CT scan at 2 months
after therapy demonstrated a marked response with a significant decrease in the nodule, left lung hilum, and mediastinum

Discussion

BRAF mutations are detected in 3%-8% of LUAD (2). The
BRAF V600E mutation test is recommended for all patients
with newly diagnosed advanced LUAD (3). Based on the
results of a phase II clinical trial for patients with BRAF
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V600E-mutated NSCLC (NCT01336634), the U.S. Food and
Drug Administration (FDA) has approved the combination
therapy of BRAF inhibitor dabrafenib and the MEK1/2
inhibitor trametinib for treatment of advanced NSCLC
patients with BRAF-V600E mutation, regardless of previous
therapies (1, 4-6). In the trial, in cohorts for pretreated and
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HE (200x)

Before

treatment

After

treatment

FIGURE 3

trametinib therapy. Original magnification: (A=F): x200.

PD-L1 (200x)

Histopathological assessment of tumor regression. (A-C) Pathological picture prior to dabrafenib plus trametinib therapy. (D-F) Pathological
picture post dabrafenib plus trametinib therapy. (A) demonstrated moderately differentiated adenocarcinomas. (D) demonstrated marked
necrosis and massive benign fibrous tissue proliferation with very few residual tumor cells in resected tumor. (B) and (E) showed PD-L1 90% (B)
and 5% (E) before and after dabrafenib plus trametinib therapy. (C) and (F) showed Ki67 35%(C) and 1%(F) before and after dabrafenib plus

Ki67(200x)

treatment-naive patients, the ORR of the combination therapy
was 63% and 64% and the median PFS was 9.7 and 10.9
months; the recent updated 5-year overall survival rates were
19% and 22%, respectively.

Neoadjuvant-targeted therapy with EGFR-TKI and ALK-
TKI has got promising preliminary results (7, 8). Like
neoadjuvant EGFR-TKI and ALK-TKI therapy, the
combination therapy of dabrafenib and trametinib also
showed promising potential for neoadjuvant therapy in a
series of malignancy, such as melanoma, anaplastic thyroid

FIGURE 4

(D), station 11(E), station 12(F). Original magnification: (A-F): x200.

Frontiers in Oncology

Histopathological assessment of lymph nodes resected. Pathological pictures of lymph nodes station 4L(A), station 5(B), station 7(C), station10

carcinoma, and papillary craniopharyngioma (9-12). However,
no such case of successful neoadjuvant therapy with
combination therapy of dabrafenib and trametinib has been
reported in NSCLC so far.

Here we presented a case of stage IIIA (cT1cN2MO0) primary
left lung adenocarcinoma harboring BRAF V600E mutation.
The patient had an excellent response to preoperative treatment
with BRAF/MEK inhibitors and obtained MPR after surgery. To
our knowledge, the MPR achieved with the use of BRAF/MEK
inhibitors has not been previously reported in the literature of
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FIGURE 5

Brief summary of the therapeutic process.

NSCLC. The impressive response suggests that presurgical
targeted therapy may be combined with surgery to achieve
long-term survival in NSCLC with BRAF V600E mutation.
Moreover, immunohistochemical results demonstrated that the
expression of both PD-L1 and Ki67 decreased significantly after
the use of BRAF/MEK inhibitors. Ki67 is a well-known cell
proliferation mark for many tumor types including NSCLC; its
decrease suggested that BRAF/MEK inhibitors harmed the
proliferation capacity of NSCLC cells. A study showed that
PD-LI in some tumor cells would be downregulated at the
beginning of BRAF/MEK inhibition and be upregulated after
acquiring resistance to the treatment (13). Another study
demonstrated in human colon cancer cell endogenous or
exogenous BRAF V600E mutant vs. wild-type BRAF could
increase PD-L1 messenger RNA (mRNA) and protein
expression that was attenuated by MEK inhibition (14). The
change of PD-L1 expression in the present case is consistent with
these studies.

The role of immunotherapy in BRAF-mutated NSCLC
patients is not established; clinical evidence of
immunotherapy efficacy in such patients is only
retrospective. In a study, BRAF-mutant NSCLC is associated
with a high level of PD-L1 expression (15); the present patient
who has a high expression of PD-L1 with TPS 90%+ is
consistent with the study. Several retrospective studies
demonstrated that the efficacy of immunotherapy in BRAF-
mutated NSCLC patients is comparable to those observed in
the unselected NSCLC population (15-17). A multinational
retrospective study demonstrated that the objective response
rate (ORR) of NSCLC harboring a BRAF mutation treated
with immune checkpoint inhibitor (ICI) monotherapy is only
24%; median PFS was only 3.1 months (18). ICI monotherapy
for NSCLC with driver genes including BRAF V600E mutation
is unsatisfactory, so it is widely recommended that NSCLC
with driver gene mutation should receive targeted therapies
and chemotherapy before considering immunotherapy as a
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single agent (4, 18). The Checkmate 816 trial indicated a
significantly higher pathological complete response rate of
neoadjuvant immunochemotherapy than of neoadjuvant
chemotherapy alone (odds ratio, 13.9). The trial included
NSCLC with stage IB to IITA and excluded EGFR or ALK
mutation; it did not exclude BRAF V600E mutation, but there
is no report about the efficacy of neoadjuvant
immunochemotherapy to the BRAF V600E mutation
subgroup in the trial. Although there was a NSCLC patient
harboring BRAF V600E mutation who achieved pathological
complete remission (PCR) after neoadjuvant combination of
the PD-1 antibody and chemotherapy in our department,
there is no comparative study of the combination with ICI
and chemotherapy vs. combination of bi-targeted therapy in
advanced/metastatic NSCLC harboring BRAF V600E
mutation so far. Thus, which combination is the most
effective strategy as neoadjuvant therapy needs further
investigation. Regardless, the success of the neoadjuvant bi-
targeted therapy for the present patient demonstrated that the
combination of dabrafenib and trametinib may be used as
neoadjuvant therapy for potential resectable NSCLC with
BRAF V600E mutation.

Conclusion

Combination of BRAF and MEK inhibitors may be used as
neoadjuvant therapy followed by surgical resection to improve
the outcome of local advanced NSCLC patients harboring BRAF
V600E mutation.
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Neoadjuvant Savolitinib targeted
therapy stage IlIIA-N2 primary
lung adenocarcinoma harboring
MET Exon 14 skipping mutation:
A case report
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MET exon 14 skipping mutation (METex14m) is rare and occurs in
approximately 1-4% of all non-small cell lung cancer (NSCLC) patients and
approximately 2.8% of resected stage I-1ll NSCLC patients. Savolitinib is an oral,
potent and highly selective type Ib MET inhibitor, which has been shown to be
promising activity and acceptable safety profile in patients with advanced
NSCLC harboring METex14m. Most recently, many studies have been
probing into the feasibility and efficacy of target therapy for perioperative
application in NSCLC. Interestingly, there are very few recorded cases of such
treatments. Here, we presented that systemic treatment with the MET inhibitor
savolitinib before surgery could provide the potential to prolong overall survival
(OS) of patients with locally advanced potentially resectable NSCLC. A 49-year-
old woman was diagnosed with stage IlIA (T2bN2MO) primary lung
adenocarcinoma exhibiting a METex14m by real-time quantitative
polymerase chain reaction (RT-gPCR). Given that the tumor load and the size
of lymph nodes experienced a significant downstaging after the neoadjuvant
treatment of savolitinib with 600mg once a day for 5 weeks, left lower
lobectomy and systemic lymphadenectomy were successfully performed.
The pathological response was 50% and the final postoperative pathological
staging was pT1cNOMO, 1A3 (AJCC, 8" edition). The case provides empirical
basis for the neoadjuvant treatment with savolitinib in METex14m-positive
locally advanced primary lung adenocarcinoma, which will offer some
innovative insights and clinical evidence for more effective clinical treatment
of neoadjuvant targeted therapy for METex14m-positive NSCLC.

KEYWORDS

savolitinib, MET exon 14 skipping, neoadjuvant therapy, non-small cell lung cancer,
targeted therapy

frontiersin.org
20


https://www.frontiersin.org/articles/10.3389/fonc.2022.954886/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.954886/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.954886/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.954886/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.954886/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2022.954886&domain=pdf&date_stamp=2022-08-16
mailto:sycaolejie@163.com
mailto:yany1980@126.com
https://doi.org/10.3389/fonc.2022.954886
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2022.954886
https://www.frontiersin.org/journals/oncology

Fu et al.

Introduction

The tyrosine-protein kinase Met (c-Met), also known as
hepatocyte growth factor receptor (HGFR), is a heterodimer
transmembrane tyrosine kinase receptor encoded by the MET
proto-oncogene. MET is a novel therapeutic target for lung
cancer and is closely related to the survival, prognosis and
certain drug resistance of lung cancer patients (1). MET exon
14 skipping mutation (METex14m), MET kinase domain
mutation, MET amplification and MET fusions are included in
MET genomic alterations. METex14m is an independent
oncogenic driver occurring in 1%-4% of non-small-cell lung
cancer (NSCLC) patients. Patients with METex14m have a
distinct clinicopathology and face-poor prognoses (2).

Several TKIs currently have been approved for advanced
NCSLC patients with METex14m, such as savolitinib,
capmatinib and tepotinib. Savolitinib is an oral, potent and
highly selective type Ib MET inhibitor that has yielded
promising activity and acceptable safety profile in patients with
pulmonary sarcomatoid carcinoma and other NSCLCs harboring
METex14m (2). Recently, a growing body of research has shown
the feasibility of the neoadjuvant targeted therapy for early-stage
resectable NSCLC patients with anaplastic lymphoma kinase
(ALK) fusion gene, epidermal growth factor receptor (EGFR)
mutations, RET rearrangements and ROS proto-oncogene 1
(ROSI) rearrangements (3-6). The fact suggests that the
untargeted patients with METex14m had a shorter disease-free
survival (DEFS) (7). More importantly, since there have been
presently no reported instances of savolitinib as a neoadjuvant
treatment for NSCLC patients with METex14m. Here, we present
the first case of stage IIIA-N2 primary lung adenocarcinoma
patient harboring METex14m, who underwent left lower
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lobectomy and systemic lymphadenectomy resection treatment
after receiving neoadjuvant savolitinib targeted therapy. Most
encouraging of all, the patient received recovered well
postoperatively and had no signs of recurrence during follow-
up, which may predict better quality of life and prognosis. The
case presented primary clinical evidence that supports the use of
neoadjuvant treatment with savolitinib in METex14m-positive
locally advanced primary lung adenocarcinoma.

Case report

A 49-year-old female patient visited a local municipal
tertiary hospital with symptoms including dry cough, chest
tightness and voice hoarseness for 1 month. The contrast-
enhanced chest CT scan on July 1, 2021 demonstrated a
3.8 cm x 2.9 cm abnormal lung mass in the lobe of left lung.
Enhanced signal was not detected inside the mass. Left hilar and
subcarinal lymphadenopathy were also observed (Figure 1A).
Fluorine-18 fluorodeoxyglucose (F18-FDG) positron emission
tomography (PET)/CT was performed to evaluate the whole-
body situation on July 6, 2021. The 18F-FDG PET/CT showed
strong 18-FDG uptake in the left lung mass, as well as the left
hilar and subcarinal lymph node, measuring up to 2.5 cm and
2.2 cm in short diameters, respectively, but there was no
evidence of distant metastasis (Figure 2 and Supplementary
Material). The patient had no history of smoking, no other
concomitant diseases, and no family history of cancer.

After initial medical examination and assessment, the patient
was admitted to our hospital on July 8, 2021. Stage IIIA
(T2bN2MO) lung adenocarcinoma was confirmed on the basis
of the 18F-FDG PET/CT results, CT guided lung puncture, and

Chest CT scans of the patient before and after savolitinib treatment. (A) The chest contrast-enhanced CT scan on July 1, 2021 demonstrates a
3.8 cm X 2.9 cm abnormal lung mass (white arrows) in the lobe of left lung. Enhanced signal was not detected inside the mass. Left hilar and
subcarinal lymphadenopathy (red arrows) also were observed. (B) After 21 days of savolitinib therapy, the chest CT scan on August 13, 2021
showed the mass (red arrows) had shrunk to 2.6 cm X 2.2 cm, achieving a partial response (PR). The Left hilar and subcarinal lymph node (blue
arrows) also shrank significantly, and the short diameter did not exceed 7 mm
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FIGURE 2

The 18F-FDG PET/CT examination was performed to evaluate the patient’'s tumor stage. The 18-FDG PET/CT revealed strong 18-FDG uptake in
the left lung mass, as well as the left hilar and subcarinal lymph node, measuring up to 2.5 cm and 2.2 cm in short diameters, respectively, but
there was no evidence of distant metastasis. See Supplementary Material for a dynamic 3D visualization

subsequent pathological diagnosis. Genetic tests (real-time
quantitative polymerase chain reaction, RT-qPCR) of the lung
lesion biopsy revealed the results of METex14m, whereas other
tested driver genes (EGFR, ALK, ROSI, KRAS, BRAF, HER2,
NRAS, PIK3CA, and RET) were absent. After active discussions
with the multiple disciplinary team (MDT) including respiratory
physicians, thoracic surgeons, and radiologists, we all agreed that
potentially resectable stage IITA primary adenocarcinoma after
adjuvant therapy would improve prognosis, prolong survival, and
improve quality of life. Considering the N2 lymph node
metastases involvement, we offered neoadjuvant chemotherapy
followed by surgical resection. However, the patient preferred
neoadjuvant target therapy rather than neoadjuvant
chemotherapy. Given that there was no neoadjuvant indication
for MET inhibitors, after adequate communication with the
patient and her family and receiving written informed consent,
we advised the patient to receive the target drug savolitinib as a
neoadjuvant therapy based on the results of genomic testing.

On July 24, 2021, the patient received savolitinib, 600 mg
orally, once daily as neoadjuvant therapy. Around three weeks
later (August 13, 2021), the first evaluation of the therapeutic effect
presented a partial response (PR) (target lesion shrank from 3.8
cm X 2.9 cm at baseline to 2.6 cm x 2.2 cm), on the basis of the
Response Evaluation Criteria in Solid Tumors version 1.1
(RECIST 1.1). Additionally, the left hilar and subcarinal lymph
node obviously shrank, and the short diameter did not exceed
7 mm (Figure 1B). At the same time, we had also focused on
evaluating the patient’s drug tolerance state and adverse drug
reactions. The patient experienced grade 2 impaired liver function
(ALT 96 IU/L, AST 103 IU/L) during the first 4 weeks after the
treatment. Liver enzyme levels in the patient were further
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increased (ALT 350 IU/L, AST 279 IU/L) after taking
diammonium glycyrrhizin enteric-coated capsules for
subsequent 5 days. Then, targeted therapy was temporarily
discontinued on August 30, 2021 and the patient received
glutathione in combination with magnesium isoglycyrrhizinate
injection for 2 weeks. On September 14, 2021, the liver function
tests returned to normal. There were no other adverse drug
reactions such as fatigue, nausea and vomiting, appetite loss,
rash, diarrhea, and edema. Considering that radiological
downstaging was indicated after 5 weeks of savolitinib
treatment, based on the re-discussion of the MDT team,
surgical resection of the left lower lung lobe with dissection of
the mediastinal lymph nodes was performed on September 24,
2021. The pathological diagnosis was poorly differentiated lung
adenocarcinoma (solid type) with a size of 2.2 cm % 2.0 cm x 1.2
cm, and the visceral pleura was not involved. No infiltration of
cancer cells was detected in the bronchus cutting edges, achieving
RO resection. The pulmonary hilar lymph node was negative (0/5)
(Figure 3). The pathological response was 50% and the final
postoperative pathological staging pT1cNOMO, IA3 (AJCC, 8™
edition). The patient recovered well and the quality of life has been
improved accordingly. For patients with completely resected IITA-
N2 stage NSCLC, adjuvant cisplatin-based chemotherapy for 4-6
cycles is recommended to prevent recurrence and improve
survival by eradicating minimal residual disease (MRD).
Therefore, the patient received following 5 cycles of pemetrexed
plus carboplatin adjuvant chemotherapy. Up to now, the patient
has been followed up postoperatively for 38 weeks with no sign of
recurrence based on the last chest CT examination on June 3,
2022. The timeline for diagnosis and therapeutic interventions for
the patient can be seen in Figure 4.
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FIGURE 3

Operative and pathological findings. The pathological diagnosis was poorly differentiated lung adenocarcinoma (solid type) with the size of 2.2 cm X
2.0 cm x 1.2 cm, and the visceral pleura was not involved. No infiltration of cancer cells was detected in the bronchus cutting edges. Pulmonary
hilar lymph node (-, 0/5). Immunohistochemistry outcomes were presented as: HE (A), TTF-1 (+) (B), NapsinA (+) (C), CK7 (+) (D), CK5/6 (-), CK

(pan) (4), and Ki-67 (+, about 50%).

Discussion

Patients with stage I-II NSCLC are generally treated with
curative-intent surgery if they are operable. However, some
locally advanced (stage III) NSCLC cannot be operated due to
factors such as tumor size and/or location. The prognosis of
patients with unresectable stage III NSCLC is poor even after
concurrent chemoradiotherapy (8). In unresectable stage III
NSCLC, despite combination aggressive treatment with
radiotherapy and chemotherapy, the 5-year relative survival
rate is about 15%-20% (9). Stage III NSCLC is a highly
heterogeneous disease and surgical resection with or without
neoadjuvant therapy could be carried out in selected patients.
Increasing the surgical resection rate is the key link to improving
the overall prognosis and survival of patients. Neoadjuvant
therapy may improve the overall resection rate and the RO
surgical resection rate of the primary tumor. The potential
value of targeted therapy as neoadjuvant therapy for NSCLC
patients with specific driver genes has been explored actively.
NEOS study (ChiCTR1800016948) evaluated the efficacy and
safety of osimertinib as a neoadjuvant treatment in resectable
EGFR mutation-positive (EGFRm) lung adenocarcinoma. This
study demonstrated the promising efficacy and good tolerability
of neoadjuvant osimertinib (10). ESTERN was constructed to
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provide more insight into the effects on neoadjuvant erlotinib
improving operability and survival in EGFRm NSCLC patients
with stage IIIA-N2. Among the 19 patients who received
erlotinib treatment, 14 patients underwent surgical treatment.
The radical resection rate was 68.4% (13/19) with 21.1% (4/19)
rate of pathological downstaging. The median progression-free
survival (PFS) and overall survival (OS) were 11.2 and 51.6
months respectively in 19 patients with neoadjuvant therapy
(11). CTONG 1103 was a randomized controlled phase II trial
with erlotinib versus gemcitabine plus cisplatin as neoadjuvant/
adjuvant therapy for stage IITA-N2 EGFRm NSCLC patients.
The study showed that neoadjuvant/adjuvant EGFR-TKI has
potential and has a promising OS for resected N2 patients with
EGFRm NSCLC (12). In a study involved 11 ALK-positive
patients with pathologically confirmed N2 NSCLC, after
received crizotinib at a starting dose of 250 mg twice daily, ten
patients received an RO resection and two patients achieved a
pathological complete response to neoadjuvant crizotinib, which
provided the evidence for neoadjuvant crizotinib in locally
advanced NSCLC (4).

Previous clinical trials have already verified the availability of
EGFR and ALK inhibitors neoadjuvant targeted therapy in the
disease control and pathological downstaging for early-stage
NSCLC patients harboring the corresponding mutation, and
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FIGURE 4

Timeline of diagnosis and treatment of this case. (A) The chest contrast-enhanced CT scan at the first visit to the hospital on July 1, 2021. (B) The
18-FDG PET/CT examination on July 6, 2021. (C) The chest CT scan after 21 days (August 13, 2021) savolitinib neoadjuvant therapy. (D)
Postoperative chest x-ray on October 13, 2021 revealed good lung expansion of left lung. (E-G) The patients underwent re-examination of chest
CT on December 20, 2021, March 2, 2022, and June 3, 2022 respectively, which showed postoperative changes and no signs of recurrence.

some case reports also observed that target therapy provided
effective radiologic and pathologic response in ALK, RET and
ROSI-positive resectable NSCLC patients (3, 6, 13-15).
METex14m is an independent oncogenic driver occurring in
2.8% of resected stage I-III NSCLC patients (16). A previous case
report on neoadjuvant treatment with crizotinib in a locally
advanced, unresectable METex14m lung adenocarcinoma
achieved pathologic complete response and led to the
conversion to resectable disease (17). However, there is no
evidence suggests that whether savolitinib can play a role in
potentially resectable NSCLC patients. Savolitinib, an oral,
highly selective ATP-competitive MET inhibitor for treating
various cancers including NSCLC, gastric, renal cell
carcinoma, esophageal carcinoma, and medulloblastoma, has
been approved in China for treating metastatic NSCLC with
METex14m alterations, particularly in patients who fail to
tolerate platinum-based chemotherapy or has progress after
chemotherapy (18). To date, this is the first case of stage IIIA-
N2 METex14m primary lung adenocarcinoma treated with
savolitinib neoadjuvant targeted therapy combined with
surgery to reveal noteworthy clinical efficacy. Here,
neoadjuvant savolitinib achieved tumor downstage, achieved
RO resection, and even complete the conversion to a
potentially curable disease. We found that the patient achieved
NO disease the following 5 weeks of the neoadjuvant savolitinib,
whereas 50% of the tumor cells in the postoperative tissues of the
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patient were still active, which implies the importance of radical
resection after the induction of targeted therapy. It is worth
noting that drug-induced liver injury (DILI) has been the most
common adverse effect of savolitinib during clinical trials and
post-market surveillance (19). In this case, the patient
experienced grade 3 DILI that led to savolitinib
discontinuation after 5 weeks neoadjuvant treatment. After
savolitinib withdrawal and liver protection treatment for 2
weeks, the patient’s liver function returned to normal. It is
suggested that when using savolitinib, liver function should be
monitored carefully.

Additionally, a phase II trial of neoadjuvant and adjuvant
capmatinib in patients with stages IB-IITA, N2, and selected IIIB
(T3N2 or T4N2) NSCLC with METex14m or high MET
amplification (Geometry-N) is ongoing (NCT04926831) (20).
Given the prevalence of the METex14m in early-stage NSCLC
and the preliminary findings from case reports of MET
inhibitors as neoadjuvant therapies in early-stage NSCLC,
clinical trials exploring the role of neoadjuvant MET targeted
therapies in this population may be warranted.

Overall, the case presented primary clinical evidence that
neoadjuvant savolitinib targeted therapy is an effective treatment
for METex14m-positive locally advanced primary lung
adenocarcinoma, which can provide a reference for clinical
treatment of such patients. Neoadjuvant savolitinib targeted
therapy in IIIA-N2 lung adenocarcinoma with METex14m
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could achieve pathological downstaging and increase the
possibility of radical surgery and RO resection. Additionally,
monitoring liver function is necessary during savolitinib
treatment. Along with an acceptable side effect, neoadjuvant
targeted therapy probably deserves to be recommended for these
patients with lung cancers that harbor a targetable oncogene,
which may have much more impressive therapeutic effects than
the platinum-based chemotherapy typically used for
neoadjuvant therapy. The findings of this case would provide
some inspiring insights for prospective clinical studies to further
explore the clinical value of neoadjuvant targeted therapy for
METex14m-positive NSCLC.
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Use of savolitinib as
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Savolitinib is a tyrosine kinase inhibitor being developed for the treatment of
metastatic non—small cell lung cancer (NSCLC) with mesenchymal-epithelial
transition (MET) factor exon 14 skipping alterations. However, the role of
savolitinib in neocadjuvant therapy for lung cancer remains unclear. Here, we
present a case of a 65-year-old woman diagnosed with stage IlIA (cT2bN2MO,
eighth TNM stage) upper right lung adenocarcinoma harboring MET exon 14
skipping alterations. After 4 weeks of therapy, a partial response was achieved
with neoadjuvant savolitinib, and significant shrinkage in tumor and lymph
nodes was observed. We also measured the immune microenvironment of the
primary tumor pre- and posttreatment with savolitinib.
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Introduction

Mesenchymal-epithelial transition (MET) exon 14 (METex14) skipping mutations
occur in approximately 3% of lung adenocarcinoma patients and 1%-2% of patients with
other lung cancer subtypes (1). This gene encodes a member of the receptor tyrosine
kinase family of proteins which is the product of the proto-oncogene MET. In 2003 and
2005, Ma et al. reported a series of novel METex14 splicing variants (2, 3). In 2015, Paik
et al. demonstrated that mutations of RNA splice acceptor and donor sites involving exon
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14 of MET could lead to exon skipping, and the tumors with this
mutation could respond to MET-targeted therapies (4).

Savolitinib, approved in June 2021 in China, was used for the
treatment of NSCLC with METex14 skipping alterations in
patients who are intolerant or whose disease had progressed
after platinum-based chemotherapy (5). However, there are no
reports regarding neoadjuvant treatment using savolitinib for
NSCLC patients with METex14.

Case report

A 62-year-old female patient with no history of smoking
presented with a non-productive cough and bloody sputum for 4
months. Enhanced computed tomography (CT) scan revealed a
mass of 43-mm diameter in the right upper lung and enlarged
mediastinal lymph nodes (stations 2, 3, and 4). Bronchoscopic
biopsy confirmed the diagnosis of adenocarcinoma of clinical
stage IITA (cT2bN2MO) with a Ki-67 score of 40%. Further
testing using a real-time PCR (including ALK, ROSI, RET,
KRAS, BRAF, NRAS, HER2, PIK3C, MET, and EGFR)
detected only METex14 skipping mutation. Multidisciplinary
team (MDT) recommended neoadjuvant therapy followed by
surgical resection. Savolitinib at a dosage of 250 mg twice daily
was prescribed after obtaining informed consent from
the patient.

After 4 weeks of treatment, a chest CT scan showed 60%
tumor shrinkage and a partial decrease of mediastinal lymph
nodes (Figures 1, 2). The patient developed mild dizziness and
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nausea during savolitinib treatment. After an MDT discussion,
right upper lobectomy and systemic lymphadenectomy were
performed without any severe in-hospital complications. The
final histopathological staging diagnosed pT2aN2MO0 with occult
lymph node metastasis in stations 2 (2/8). Lymph nodes at levels
3,4, 7, 11, and 12 were negative for tumor involvement. The
pathological examination showed that the Ki-67 index had
dropped to 30% (Figure 3). There is extensive lymphocytic
infiltration in tumors. Cholesterol crystals were observed as
well as necrosis and fibrosis. The patient has been receiving
savolitinib treatment post-surgery without radiation or
chemotherapy. At the final follow-up in June 2022 (6 months
after surgery), no grade 3/4 adverse events or disease progression
had occurred. To determine any changes in the tumor immune
environment due to savolitinib neoadjuvant treatment,
we performed multiplexed immunohistochemistry (mIHC)
on the biopsy tissue and the surgical specimen. The
immunohistochemistry analysis indicated that the number of
M1 macrophages, CD8" tumor-infiltrating lymphocytes (TILs),
and the level of PD-1 expression was increased significantly after
neoadjuvant treatment, whereas PD-L1 amount remain
unchanged. No CD57" lymphocytes were detected before and
after neoadjuvant therapy.

Discussion

Neoadjuvant therapy is recommended to improve the
survival rate of stage IITA NSCLC patients. Previous reports

After neoadjuvant

Images during neoadjuvant savolitinib treatment. Enhanced chest CT images of right lung adenocarcinoma before and after the

neoadjuvant therapy.
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After neoadjuvant

Images during neoadjuvant savolitinib treatment. Enhanced chest CT images of lymph nodes before and after the neoadjuvant therapy

The lymph nodes pointed by green arrows

have shown that neoadjuvant-targeted therapies are feasible for
oncogene-positive NSCLC patients (6-8). We report the first
case of neoadjuvant savolitinib treatment for NSCLC patients
with METex14 skipping mutation.

In the present case, savolitinib exhibited a significant
response in an NSCLC patient with METex14 skipping. The
Ki-67 proliferation index decreased, and the tumor showed
significant shrinkage after the savolitinib therapy, which
was followed by successful lobectomy and systemic
lymphadenectomy. Although radiological evaluation of
most lymph nodes showed significant reduction after
savolitinib neoadjuvant therapy, surgical pathology confirmed
micrometastasis in lymph nodes [station 2 (2/8)]. Previous
studies have reported that the response rate of CTONG 1103
(EMERGING) with a 42-day erlotinib neoadjuvant in EGFR-
positive patients decreased, with a major pathologic response
(MPR) of 9.7% and a lymph node downstaging rate of 10.8% (9).
Thus, we assumed that savolitinib neoadjuvant treatment might
achieve a longer median response than 4 weeks and better results
if administered for a longer period before the operation.

Collectively in our case, neoadjuvant savolitinib may have
converted the “cold” tumor to an immunologically “hot” tumor
by recruiting CD8" TILs and M1 macrophages. A previous study
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has reported that CD8" TILs and NK cell populations decreased
in patients with MET amplification, and it may be related to the
MET signaling inducing the phosphorylation of UPF1 and
downregulating the tumor cell STING expression (10). Thus,
we proposed that the number of CD8" TILs may increase after
savolitinib treatment in METex14 NSCLC. Therefore, anti-PD-
1 immunotherapy may be a viable treatment option for patients
who have acquired resistance to savolitinib TKI treatment.
However, the efficacy of immunotherapy for METex14
NSCLC remains controversial. Some studies showed that
immunotherapy might be effective for METex14 NSCLC
patients. Mayenga et al. reported that 6 of 13 patients with
METex14-mutated NSCLCs, who received immune checkpoint
inhibitors (ICIs) treatment, had prolonged responses (11). Chen
et al. reported that a METex14 NSCLC patient who developed
targeted therapy resistance had a significant response to
immunotherapy, which showed that immunotherapy might be
a promising candidate for treating NSCLC patients with
METex14 harboring MET-TKI-resistant mutations (12). In
contrast, Sabari et al. reported that the overall response rate of
METex14-altered lung cancers to PD-1/PD-L1 immune
checkpoint inhibition was low and the median PFS was short.
Neither PD-L1 status nor tumor mutation burden was correlated
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(A) Hematoxylin and eosin (HE) staining. (B) Ki67 staining. (C) Multiple immunohistochemistry staining, including CD8, CD57, CD68, CD163, PD-
1, and PD-L1, before and after savolitinib neoadjuvant. (D) Quantitative analysis for staining data. ns, not significant. *p < 0.05; **p < 0.01; ***p <
0.001; ****p <0.0001; (E) Ki-67 index before and after savolitinib neoadjuvant.

with response to immunotherapy (13). The ICIs efficacy in
MET-mutated NSCLC was comparable to that observed in
patients with pretreated unselected NSCLC in a retrospective,
multicenter study (14). A phase II trial of capmatinib and
spartalizumab versus capmatinib and placebo as first-line
treatment for advanced NSCLC patients with METex14
skipping mutation is undergoing to evaluate the benefit of
MET-TKI with ICIs in METex14 NSCLC (NCT04323436).
Further prospective studies are necessary to define the role of
ICIs in lung cancer patients with METex14 mutation.

In conclusion, our study showed that savolitinib
neoadjuvant therapy is feasible for NSCLC patients with
METex14 skipping mutation. Currently, an ongoing phase II
trial of neoadjuvant and adjuvant capmatinib in NSCLC with
METex14 skipping mutation is underway (NCT04926831). For
NSCLC patients with METex14 skipping mutation, savolitinib
as neoadjuvant treatment might provide a better option to
replace chemotherapy. Further clinical trials are needed to
evaluate the outcome and long-term prognosis of savolitinib in
neoadjuvant therapy.
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Neoadjuvant immunotherapy
combined with chemotherapy
significantly improved patients’
overall survival when compared
with neoadjuvant chemotherapy
in non-small cell lung cancer: A
cohort study

Fugiang Dai @', Xiaoli Wu', Xintian Wang, Kunkun Li,
Yingjian Wang, Cheng Shen, Jinghai Zhou, Huijun Niu,
Bo Deng, Qunyou Tan, Ruwen Wang and Wei Guo*

Department of Thoracic Surgery, Daping Hospital, Army Medical University, Chongging, China

Background: Programmed death-1 (PD-1)/programmed death ligand-1 (PD-
L1) inhibitors displayed considerable advantages in neoadjuvant therapy of
non-small cell lung cancer (NSCLC), but the specific application of neocadjuvant
immunotherapy has not been well determined, and the long-term prognostic
data of neoadjuvant immunochemotherapy combined with surgical resection
of NSCLC remains limited. In this study, we intended to assess the efficacy of
the neoadjuvant therapy of the PD-1 inhibitor and long-term prognosis in
patients with resectable NSCLC.

Methods: We retrospectively analyzed NSCLC surgical patients treated with
neoadjuvant therapy in our hospital, and divided them into a neoadjuvant
chemotherapy group and a neoadjuvant immunotherapy combined with
chemotherapy group. The propensity score matching method was used to
evaluate the effectiveness of immunotherapy combined with chemotherapy in
the treatment of resectable lung cancer, and the long-term prognosis of these
two groups was compared.

Results: A total of 62 cases were enrolled, including 20 patients (20/62, 32.26%)
in the immunotherapy group and 42 patients (42/62, 67.74%) in the
chemotherapy group. The clinical baseline data of these two groups were
balanced. In the immunotherapy group, all patients had tumor regression in
imaging finding (tumor regression ratio: 11.88% - 75.00%). In the chemotherapy
group, 30 patients had tumor regression (tumor regression ratio: 2.70% -
58.97%). The RO removal rates of cancers were comparable between the
immunotherapy group and chemotherapy group (19/20, 95.00% vs. 39/42,
92.86%, P=1.000). The two groups were balanced in complete minimally
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invasive surgery, pneumonectomy, operative duration, blood loss,
postoperative complications, and hospital stay. The immunotherapy group
had more sleeve resection (36.84% vs. 10.26%, p=0.039) including bronchial
sleeve and vascular sleeve, higher pathological complete response (pCR) rate
(57.89% vs. 5.13%, P<0.001) and major pathologic response (MPR) rate (78.95%
vs. 10.26%, P<0.001). There were no differences in survival curves for: smoker
and non-smoker, squamous cell carcinoma and adenocarcinoma, or right lung
cancer and left lung cancer. Moreover, patients who achieved MPR (including
pPCR) had significantly better overall survival (OS) and disease-free survival
(DFS). Patients in immunotherapy group had significantly better OS and
longer DFS than those in chemotherapy group.

Conclusions: In conclusion, neoadjuvant immunotherapy combined with
chemotherapy can provide better OS and DFS and improving pCR and MPR
rates by shrinking tumors.This study has been registered in the Chinese Clinical
Trial Registry, number ChiCTR2200060433. http://www.chictr.org.cn/edit.

aspx?pid=170157htm=4.

KEYWORDS

neoadjuvant immunotherapy, lung resection, prognosis, non-small cell lung cancer,
neoadjuvant chemotherapy

Introduction

Lung cancer is one of the most common cancers with extremely
high morbidity and mortality rates worldwide (1, 2). Surgical
resection is the main strategy for the treatment of early-stage
non-small cell lung cancer (NSCLC), which has a high cure rate.
However, patients with NSCLC have a poor prognosis after surgery
with 5-year survival rates at approximately 50% for stage II and 20%
for stage III, even if the tumor is completely removed (3). This poor
prognosis may be a result of tumor metastasis or recurrence caused
by residual tumor cells, tumor micro metastases, or circulating
tumor cells (CTC) and circulating tumor DNA (ctDNA). Even
neoadjuvant or adjuvant radiotherapy or chemotherapy can only
improve the 5-year survival rate by 5%, which is relatively limited
(4, 5). Therefore, novel neoadjuvant therapeutic strategies are
urgently needed to reduce the risk of recurrence and further
prolong the survival of patients with NSCLC.

Our understanding of the role of the immune system in the
regulation of tumor development has significantly increased in
recent years, which makes the promise of immunotherapy a
revolution in the treatment of cancer. Immune checkpoints have
been showed to regulate the immune response during tumor
development (6, 7). Immune checkpoint inhibitors (ICIs)
targeting programmed cell death-1 (PD-1) or its ligand (PD-
L1) have achieved significant improvements in clinical adjuvant
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therapy for esophageal/esophagogastric junction carcinoma (8),
bladder cancer (9), melanoma (10), and lung cancer (11). ICIs
have become an important treatment for advanced non-small
cell lung cancer, which can greatly improve the 5-year overall
survival (OS) of patients (11, 12). In addition, ICIs also show
considerable advantages in short-term results of NSCLC
neoadjuvant therapy, such as safety, tolerability, and major
pathological response (MPR), when compared with
conventional neoadjuvant therapy (13-15). Neoadjuvant
immunotherapy could adequately activate the immune
response and may remove residual lesions or small metastases
(16). However, the application of neoadjuvant immunotherapy
has not been well established, and long-term prognostic data of
neoadjuvant immunochemotherapy combined with surgical
resection of NSCLC remains limited.

Therefore, in the current study, we retrospectively analyzed
patients of NSCLC undergoing surgery after neoadjuvant therapy,
which were then divided into a neoadjuvant chemotherapy group
(Che. group) and a neoadjuvant immunotherapy combined
chemotherapy group (Imm. group). The aims of this study were
to evaluate the efficacy of neoadjuvant immunotherapy combined
with chemotherapy in the treatment of resectable NSCLC, and to
compare the long-term prognosis between the two groups. We
present the following article in accordance with the STROBE
reporting checklist.
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Methods
Patients

The database of the Army Medical Center of Chinese People’s
Liberation Army (PLA) (Daping Hospital) was searched
retrospectively from January 2017 to October 2021. This study
was reviewed and approved by the ethics committee of the
hospital (Ethics Committee of Army Medical Center of PLA,
approval number: 2021-273). Individual consent for this
retrospective analysis was waived. The study was performed in
accordance with the Declaration of Helsinki. Patients who met the
following criteria were included: (I) males or females aged 20-75
years; (II) initially diagnosed as NSCLC (clinical stage IB - IIIB)
and treatment-naive; (III) resectable lung cancer at the first
multidisciplinary diagnosis and treatment (MDT) assessment;
(IV) Karnofsky performance status (KPS) = 80, and tolerant to
neoadjuvant therapy; (V) receiving neoadjuvant therapy prior to
resection; (6) no targeted gene mutations in genetic testing and
PD-L1 expression positive in immunohistochemical staining.
Patients who met the following criteria were excluded: (I) poor
cardiopulmonary function and intolerance of surgery due to
cardiopulmonary or other organ dysfunction; (II) tumor

10.3389/fonc.2022.1022123

progression to unresectable or distant metastasis after
neoadjuvant therapy at the second MDT assessment; (III)
patients with autoimmune diseases or using immunosuppressive
drugs over a long-term; (IV) refusal to undergo follow-up. Data
regarding age, sex, smoking status, predicted percentage of the
forced expiratory volume (FEV1%), tumor size, tumor location,
pathologic type of tumor, clinical stage of tumor, type of
operation, operation time, blood loss during operation,
postoperative complications, and hospital stay were collected
and analyzed. The UICC/AJCC TNM Staging System Eighth
Edition for NSCLC was used in this study to evaluate the
tumor (17).

Treatment options

All treatment protocols of patients were conducted by MDT.
There were 3 times MDTs: the first for the initial assessment, the
second for the post-neoadjuvant therapy assessment, and the third
for the adjuvant treatment and follow-up assessment (Figure 1).

Contrast-enhanced computed tomography (CT) of the
chest, '®F-fluorodeoxyglucose positron emission tomography/
computed tomography (18F-FDG PET-CT), cardiopulmonary

Newly diagnosed NSCLC cases

The 15t MDT before all treatments for
developing a holistic treatment plan

Resectable lesions

Unresectable lesions

| Surgery directly |

A
| Neoadjuvant therapy |

'

Concurrent chemoradiation
followed by immunotherapy

4' According to the patient‘s informed consents

Neoadjuvant immunotherapy

| Neoadjuvant chemotherapy

or combining chemotherapy

v

The 27d MDT before surgery for
determining the resectability

| Surgery |

| Continuing adjuvant therapy

Pathological examination of
postoperative specimens

V

The 3 MDT based on the pathological results for instructing
the ongoing adjuvant therapy and following-up

FIGURE 1

Flowchart summarizing the three multidisciplinary diagnosis and treatments (MDTs) and process of managing patients. NSCLC, non-small cell

lung cancer.
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function, blood test, and fiberoptic bronchoscopy or
percutaneous lung puncture for obtaining pathological results
were performed. Immunohistochemistry stains were conducted
to detect the expression level of PD-LI protein in tumor cells.
The expression level of PD-L1 was indicated by the percentage of
stained cells, which was <1% defined as negative expression and
>1% defined as positive expression.

Two cycles of neoadjuvant chemotherapy or neoadjuvant
immunotherapy combined with chemotherapy were performed.
The neoadjuvant chemotherapy regimen was pemetrexed (500
mg/m? D1) + nedaplatin (75 mg/m? D1) for adenocarcinoma
and paclitaxel liposome (175 mg/m? D1) + nedaplatin (75 mg/
m?, D1) for squamous carcinoma (the use of chemotherapy
drugs was based on NCCN guidelines and Chinese Lung cancer
Diagnosis and Treatment Guidelines (18)). The neoadjuvant
immunotherapy was PD-1 inhibitors, including tislelizumab,
nivolumab, pembrolizumab, sintilimab. In three to six weeks
after completion of these treatments, chest CT and PET-CT are
performed again to assess changes of the tumors.

Surgical procedures included video-assisted thoracoscopic
surgery (VATS) or thoracotomy, lobectomy, bronchial or
vascular sleeve resection, and mediastinal lymph node
dissection. All patients were sent back to the thoracic surgery
unit after surgery (after the operation, patients were required to
stay for a short time in the recovery room until recovering from
anesthesia). The patients were encouraged to cough and
expectorate to promote drainage and pulmonary re-expansion
and were instructed for early activities. Patients whose 24-hour
chest drainage volume was less than 200 mL, had no
pneumothorax or residual space on chest radiograph, and had
no air leakage from the chest tube underwent chest
tube removal.

The patients were admitted 1 month after surgery for the
third MDT and further therapy according to the guidelines (12,
19) and our MDT recommendations. Patients in the
neoadjuvant chemotherapy group received four cycles of
adjuvant chemotherapy with the same regimen as before
surgery. Patients in the neoadjuvant immunotherapy group
received four cycles of adjuvant chemotherapy and six cycles
of adjuvant immunotherapy with the same protocol as before
surgery. During the follow-up, once tumor recurrence was
found, the tolerance and tumor status of patients needed to be
assessed by general examination, and the tissue of recurrent
lesion should be obtained as far as possible for pathological and
genetic testing. Through MDT assessment, individualized
therapy plans were set out and implemented after patient’s
informed consent.

The postoperative overall survival (OS) was defined as the
time from primary tumor resection (surgical date) to last follow-
up or death. Disease-free survival (DFS) was defined as the time
from the surgical date to the diagnosis of recurrence/metastasis
or the last follow-up.
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Tumor evaluation

The tumors were evaluated twice: imaging evaluation after 2
cycles of neoadjuvant therapy and postoperative
pathological evaluation.

The imaging response of tumors to neoadjuvant therapy was
reviewed centrally by two radiologists according to the Response
Evaluation Criteria in Solid Tumor 1.1 (iRECIST Criteria 1.1)
(20). To assess changes in primary tumor after neoadjuvant
therapy, we recorded the tumor diameter.

We reextracted paraffin-embedded postoperative specimens
previously processed by the pathology department and scored
the percentage of residual tumor cells by two trained
pathologists. Pathological complete response (pCR) was
defined as the absence of viable tumor cells (ypTONOMO) in
the surgical resection specimen, and major pathologic response
(MPR) was defined as less than 10% viable tumor remaining (21,
22). Additionally, the pathological response of the primary
tumor was also assessed according to the College of American
Pathologists (CAP) and National Comprehensive Cancer
Network (NCCN) system (23) according to: tumor regression
grade (TRG) 0 (no viable cancer cells), TRG 1 (single cells or rare
small groups of cancer cells), TRG 2 (residual cancer with
evident tumor regression), and TRG 3 (extensive residual
cancer with no evident tumor regression). When there were
disagreements between pathologists, a consensus would be
reached through multi-head microscope review and discussion.

Propensity score matching

Propensity score (PS) matching was conducted using logistic
regression to create a PS for individual patients using
demographic and clinical variables. The variables used to
estimate the PS were age, gender, smoking status, FEV1%,
tumor size, tumor location, pathologic type of tumor, clinical
stage of tumor, and type of operation. The PS was calculated
using a logistic model. The nearest neighbor matching was
adopted with common caliper <0.1 and 1:1 matching. Each
patient who underwent neoadjuvant immunotherapy combined
with chemotherapy was matched with a patient who underwent
neoadjuvant chemotherapy and had the closest PS.

Statistical analysis

Data analysis was performed using SPSS 26.0 software (IBM
SPSS Statistics, RRID: SCR_019096). Continuous data are
presented as mean + standard deviation (SD) and analyzed by
the two-tailed t-test or rank sum test. Categorical data are
presented as frequency and percentage (%) and were analyzed
by either chi-square test or Fisher’s exact test. Survival curves
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were obtained using the Kaplan-Meier method, and the
differences between survival curves were compared by the log-
rank test. P<0.05 was considered significant. Multivariate Cox
regression analysis was used to determine the risk factors for
DES, and to produce forest plot.

Results

Patients’ clinical characteristics and
PS matching

A total of 62 cases were enrolled, including 20 patients (20/
62, 32.26%) in the immunotherapy group and 42 patients (42/62,
67.74%) in the chemotherapy group. Baseline characteristics of
all cases are presented in Table 1. The two groups were similar in
terms of age, gender, smoking status, FEV1%, tumor size, tumor
location, pathologic type of tumor, and clinical stage of tumor. In
these two groups, the majority were male (85.00% and 85.71%),
smokers (85.00% and 66.67%), squamous cell carcinoma
(85.00% and 64.29%), and advanced stage cancer (65.00%
and 57.14%).

After excluding the patients with R1 or R2 resection and 1 to
1 propensity score matching, 19 pairs of patients were selected
(Table 1). Also, the clinical characteristics including age, gender,
smoking status, FEV1%, tumor size, tumor location, pathologic

TABLE 1 Patients’ baseline and clinical characteristics.

Characteristics Unmatched patients
Immunotherapy Chemotherapy

Patients(n) 20 42
Age(years) 58.05 £ 7.05 56.45 + 8.66
Gender (n [%])

Male 17 (85.00%) 36 (85.71%)

Female 3 (15.00%) 6 (14.29%)
Smoking status

Absent 3 (15.00%) 14 (33.33%)

Present 17(85.00%) 28 (66.67%)
FEV1 % predicted 85.60 + 16.00 78.58 + 15.04
Tumor size(cm)* 4.97 +£2.10 4.67 £ 1.67

Tumor location

Right lobe 9 (45.00%) 21 (50.00%)
Left lobe 11 (55.00%) 21 (50.00%)
Tumor type

Squamous cell 17 (85.00%)

3 (15.00%)

27 (64.29%)
Adenocarcinoma 15 (35.71%)
Clinical stage®

I-1I 7(35.00%)

11 13 (65.00%)

18 (42.86%)
24 (57.14%)

10.3389/fonc.2022.1022123

type of tumor, and clinical stage of tumor in the two groups were
well balanced.

Preoperative treatment and response to
neoadjuvant therapy

All candidates received 2 cycles of neoadjuvant therapy. At
3-6 weeks after neoadjuvant therapy, iRECIST criteria were used
to evaluate the imaging response of the tumor. Of the 42 patients
in chemotherapy group, 4 cases were not recorded due to
inadequate archived CT data. In the immunotherapy group, all
patients had tumor regression (tumor regression ratio: 11.88%-
75.00%) (Figure 2A). In the chemotherapy group, 30 patients
had tumor regression (tumor regression ratio: 2.70%-
58.97%) (Figure 2B).

Surgical and postoperative results

The RO removal rates for tumors were comparable between the
immunotherapy group and chemotherapy group (19/20, 95.00% vs.
39/42, 92.86%, P=1.000) (Table 2). In the analysis of subsequent
surgery and postoperative outcomes and propensity score
matching, patients with R1 or R2 resection were excluded. The
two groups were balanced in complete minimally invasive surgery,

Matched patients’

P Immunotherapy Chemotherapy P
19 19
0475 58.58 + 7.14 56.84 + 8.90 0511
1.000 1.000

16 (84.21%) 15 (78.95%)
3 (15.79%) 4 (21.05%)
0.130 0.693
3 (15.79%) 5 (26.32%)
16 (84.21%) 14 (73.68%)

0.097 84.42 + 15.52 81.14 + 16.08 0.526
0.544 5.10 + 2.08 492 £1.82 0.773
0.713 1.000

8(42.11%) 9 (47.37%)
11 (57.89%) 10 (52.63%)

0.093 0.660
17 (89.47%) 15 (78.95%)
2 (10.53%) 4 (21.05%)

0555 1.000
7 (36.84%) 6 (31.58%)
12 (63.16%) 13 (68.42%)

TPatients with R1 or R2 resection were excluded When we carried out propensity score matching. *T'umor size (cm) prior to immunotherapy. *Clinical stage prior to neoadjuvant therapy.

Fisher's accurate test was adopted in Chi-square test after propensity score matching as the total number of samples was less than 40.
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Imaging response (percentage change in maximum diameter of tumor) after neoadjuvant therapy. Combined with postoperative pathological
results, patients who had a pathological complete response (pCR) were shown in yellow, major pathological response (MPR) shown in green
and those with >10% viable tumor remaining are shown in blue. (A) Tumor size changes after neoadjuvant immunotherapy combined with
chemotherapy. (B) Tumor size changes after neoadjuvant chemotherapy. !, Of the 42 patients in chemotherapy group, 4 cases were not

recorded due to the inadequate archived CT data.

pneumonectomy, operative duration, blood loss, postoperative
complications, and hospital stay.

The immunotherapy group had more sleeve resection
(36.84% vs. 10.26%, p=0.039) including bronchial sleeve and
vascular sleeve. The proportion of patients whose tumor
reached pCR in the immunotherapy group was significantly
higher than that in the chemotherapy group (57.89% vs. 5.13%,
P<0.001) (Table 2). Additionally, the proportion of patients whose
tumor reached MPR in immunotherapy group was significantly
higher than that in chemotherapy group (78.95% vs. 10.26%,

TABLE 2 The comparison of the treatment results between the two groups.

Characteristics Unmatched patients
Immunotherapy Chemotherapy
Patients(n) 20 42

19 (95.00%)"
7 (36.84%)

39 (92.86%)"
4 (10.26%)

RO resection

Sleeve resection

pCR 11 (57.89%) 2 (5.13%)
MPR 15 (78.95%) 4 (10.26%)
TRG
0-1 15 (78.95%) 5 (12.82%)
2-3 4 (21.05%) 34 (87.18%)

Minimally invasive surgery* 12 (63.16%)
2 (10.53%)
182.11 + 67.19
120(20-1000)
1 (5.26%)

11.84 + 4.17

16 (45.71%)
7 (20.00%)
17031 + 60.36
150 (50-800)
6 (17.14%)
14.36 + 4.80

Pneumonectomy
Operative duration (min)
Blood loss (ml)®

Overall complications

Hospital stay (days)

P<0.001). This difference persisted after propensity score
matching (57.89% vs. 10.53%, P=0.002; 78.95% vs. 21.05%,
P=0.001, respectively).

TRG scores of postoperative specimens were further
analyzed (Figure 3). The results showed that the proportion of
patients with a TRG score of “0” in the immunotherapy group
was significantly higher than that in the chemotherapy group
(57.89% vs. 5.13%, P<0.001), while the proportion with a TRG
score of “3” was significantly lower than that in the
chemotherapy group (5.26% vs. 51.28%, P<0.001).

Matched patients

P value Immunotherapy Chemotherapy P value
19 19
1.000
0.039 7 (36.84%) 3 (15.79%) 0.141
<0.001 11 (57.89%) 2 (10.53%) 0.002
<0.001 15 (78.95%) 4(21.05%) 0.001
<0.001 0.001
15 (78.95%) 4 (21.05%)
4 (21.05%) 15 (78.95%)
0221 12 (63.16%) 9 (47.37%) 0515
0.610 2 (10.53%) 5 (26.32%) 0.405
0.689 182.11 + 67.19 179.63 + 69.45 0912
0.403 120 (20-1000) 200 (50-800) 0.073
0.414 1 (5.26%) 3 (15.79%) 0.604
0.056 1221 + 4.37 14.89 + 4.01 0.056

TPatients with R1 or R2 resection were excluded in the statistics of surgical outcomes in this table. *“Minimally invasive surgery: Completely minimally invasive surgery. *The data of blood

loss was described with the median (range) as they were not normally distributed, and Mann-Whitney U rank sum test was used. TRG, tumor regression grade. pCR, Pathological complete
response. MPR, Major pathological response, indicated that there was more than 10% viable tumor remaining in postoperative specimen. Sleeve resection includes bronchial sleeve and

vascular sleeve resection.
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Evaluating the tumor regression grade (TRG) of postoperative specimens. TRG 0, no viable cancer cells. TRG 1, single cells or rare small groups
of cancer cells. TRG 2, residual cancer with evident tumor regression. TRG 3, extensive residual cancer with no evident tumor regression. ***
indicated P < 0.001. Imm., neoadjuvant immunotherapy combined chemotherapy. Che., neoadjuvant chemotherapy.

Survival analysis

All patients received CT and PET-CT evaluation on follow-
up. The last follow-up was in June 2022. For all patients, the
overall median follow-up period was 24 months (4 - 59 months).
The 1-year OS was 93.1%, 2-year OS was 72.1%, and 3-year OS
was 59.8%. There was no difference in survival curves between
male and female, smoker and non-smoker, squamous cell
carcinoma and adenocarcinoma, or right lung cancer and left
lung cancer (Figures 4A-D). Moreover, patients who achieved
MPR (including pCR) had significantly better OS (P=0.018) and
DES (P=0.016) (Figures 4E, F).

In the immunotherapy group, no death event occurred and 1
case experienced postoperative recurrence. The median follow-
up period was 19 months (6 - 46 months), and the 3-year OS was
100%. In the chemotherapy group, the median follow-up period
was 25 months (4 - 59 months). The 1-year OS was 77.3%, 2-
year OS was 64.0%, and 3-year OS was 49.6%. Patients in the
immunotherapy group had significantly better OS than those in
the chemotherapy group (P = 0.014), and longer DFS (P = 0.006
(Figures 5A, B). After propensity score matching, we re-
evaluated the impact of the two neoadjuvant therapies on the
prognosis of patients. Neoadjuvant immunotherapy combined
with chemotherapy was significantly associated with better OS
(P=0.027) and better DFS (P < 0.042) (Figures 5C, D). Through
COX regression analysis, female with hazard ratio 0.16 (95% CI,
0.03 to 0.95) and achieving MPR with hazard ratio 0.12 (95% CI,
0.01 to 0.93) were protective factors for DES (Figure 6).
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Discussion

We retrospectively analyzed the therapeutic outcomes and
prognosis of neoadjuvant immunotherapy combined with
chemotherapy for resectable NSCLC compared with
neoadjuvant chemotherapy. Our results showed that
neoadjuvant immunotherapy combined with chemotherapy
can significantly improve the imagological regression of
tumors, and patients had a significantly higher pCR rate, MPR
rate, and better long-term prognosis with this combined therapy.

In our study, neoadjuvant immunotherapy combined with
chemotherapy did not increase the risk of delayed surgery. It is
well known that early diagnosis and timely operation can
significantly improve the cure rate and survival of lung cancer
(24). Tang et al. pointed out that when the time between
diagnosis of lung cancer and surgery was greater than 50 days,
patients’ 1- and 5-year survival rates decreased (25). A study by
Meyer et al. demonstrated that delaying surgery in favor of
neoadjuvant therapy did not impair quality of life or result in
additional tumors in cancer patients (26). In our study, we found
that no patients in the neoadjuvant immunotherapy group
experienced metastasis, recurrence, or death and that the
neoadjuvant immunotherapy group experienced significantly
improved DFS and OS compared with the neoadjuvant
chemotherapy group.

Neoadjuvant immunotherapy combined with chemotherapy
will not increase the unresectable rate. In this study, the RO
resection rate in the neoadjuvant immunotherapy group was
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higher than in the neoadjuvant chemotherapy group (19/20,
95.00% vs 39/42, 92.86%, p=1.000). In CheckMate 816 trial, the
RO rate in neoadjuvant immunotherapy group was 83% (27). We
adequately considered the integrated and radical resection of
tumor. Not only did we ensure RO resection rate, but the extent
of resection was accorded to that before neoadjuvant therapy.
This may also have something to do with our strict case
selection. Additionally, no post-treatment tumor progression
was observed in the neoadjuvant immunotherapy group (there
were no increases in tumor diameter, no increases in tumor
invasion, and no tumor metastasis). Of the patients in this group,
there was 1 case of R2 resection, which was unresectable due to
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the invasion of the main bronchus by the seventh group of
lymph nodes. After neoadjuvant therapy, the tumor diameter
decreased by 44%, and the seventh group of lymph nodes
decreased by 20%. In the neoadjuvant chemotherapy group,
there were 4 cases without RO resection. Therefore, the aim of
neoadjuvant therapy in patients in more advanced stages is to
shrink the tumor and convert tumors with unresectable margins
into resectable lesions (28).

However, in some cases, the complexities of surgery could
increase even after neoadjuvant chemoradiotherapy decreased
the tumor stage (29, 30). This could be because neoadjuvant
therapy can cause local tissue adhesions, which were observed in
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patients experiencing significant responses to treatment. In this
study, there was no significant difference observed in the
surgery-related data between the two groups. The operation
time for the neoadjuvant immunotherapy group was slightly
longer than for the neoadjuvant chemotherapy group, which
could be due to: 1) the small number of patients included in the
study (which could create bias); and 2) killing tumor cells with
PD-1/PD-L1 inhibitor requires antigen presentation by the
tumor cells, which can then be recognized by the host T-cells.
The activated T-cells can release cytokines after the blockade of
the immunosuppressive PD1/PD-L1 interaction by inhibitory
antibodies, which can kill the tumor cells (31). After killing the
tumor cells, the local tumor bed and surrounding tissue are
replaced by fibrous tissue, forming denser adhesions, which
increases the difficulty of surgery and prolong the
operation time.

The lack of a standardized approach for reporting the
pathology of lung cancer patients resected after neoadjuvant
therapy could indicate that pathologists are not involved in study
designs (21, 32). We used the newer CAP/NCCN guidelines for
tumor regression grading following neoadjuvant chemotherapy
to evaluate postoperative pathological specimens in all cases,
which increased the reliability of the study (33, 34). Our results
demonstrate that the tumor regression grade of the neoadjuvant
immunotherapy group was significantly better than that of the
neoadjuvant chemotherapy group.

Neoadjuvant immunotherapy combined with chemotherapy
significantly increased rates of pCR and MPR. One major
limitation is MPR’s lack of precision due to inherent inter-
observer variability (13). However, it is well known that pCR or
MPR is the primary endpoint of many neoadjuvant
immunotherapy studies (22) and is associated with favorable
tumor prognosis and improvements in overall survival (35, 36).
MPR has been identified as a surrogate endpoint for survival in
patients who received neoadjuvant therapy prior to lung cancer
resection, while MPR improved the five-year overall survival rate
from 40% to 85% (37, 38). Since MPR is associated with improved
survival rates, it could provide a faster way to compare different
neoadjuvant treatment options and reduce the time required to
evaluate neoadjuvant therapies. Compared with patients who
received only preoperative chemotherapy, the MPR rate was
higher (16%) in patients with immunotherapy and
chemotherapy (39) which was consistent with our results (40).
However, it was difficult to obtain accurate postoperative
pathological staging. Therefore, the comparison that based on
the clinical TNM stage may be bias and we found that there
were no significant differences between clinical stage I-II and stage
III for DFS and OS respectively. Similarly, female seem to be a
protective factor for DFS, possibly because of the small sample size
and few events of DFS.To assess whether an increase in the pCR or
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MPR rate produced a survival benefit, we further analyzed OS and
DEFS. Survival rates were significantly higher in patients with pCR
or MPR than in patients without pCR or MPR. Neoadjuvant
immunotherapy significantly improved the survival rate of patients
compared with the neoadjuvant chemotherapy group.
Additionally, studies have demonstrated that neoadjuvant
immunotherapy increased tumor-specific CD8+T cells in
peripheral blood and organs. Therefore, neoadjuvant
immunotherapy is better able to eradicate distant metastases and
increase long-term survival rates after primary tumor resection
than adjuvant immunotherapy (28). Currently, many clinical trials
have analyzed the survival rates of lung cancer patients with
neoadjuvant immunotherapy, and more attention is being paid
to the safety and feasibility of neoadjuvant therapies. Most of the
selected primary endpoints are either MPR or pCR (15, 41), or a
short-term survival analysis (1-2 years) (42-44). In our study, the
follow-up period was 24 months (6-53 months). There were no
deaths and only 1 case of recurrence in the neoadjuvant
immunotherapy group, which was an encouraging result.

Besides, our study provided clinical experiences in refining
specific applications. Adjustments of clinical workflow and
careful consideration for patient selection are undoubtedly
necessary for neoadjuvant and adjuvant immunotherapy.

However, there were some limitations and shortcomings in
our study. First, it was retrospective and lacked sufficient
statistical analysis. Second, the sample size recruited was small
and the follow-up time was short. We will continue this work
with further follow-up and hope to obtain more accurate results
in future studies.

Conclusions
The combination of neoadjuvant immunotherapy and
chemotherapy can effectively shrink tumors, improve pCR and

MPR rates of tumors, and help patients achieve better OS
and DFS.
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Mesenchymal-epithelial transition (MET) exon 14 skipping mutation (METex14)
is a low-frequency driver mutation in metastatic non-small cell lung cancer
(NSCLC) (3%—4%) and is associated with a poor prognosis. With the advent of
selective MET inhibitors such as capmatinib, tepotinib, and savolitinib, the
outcome for these patients was significantly improved. Here, we report a 76-
year-old male patient with marginally resectable stage IIIB lung
adenocarcinoma harboring METex14 who was successfully treated with
savolitinib for neoadjuvant therapy. An 82% shrinkage of the primary tumor
was observed, and only 5% of the tumor was viable by pathology in the
following radical surgery. A dozen of studies tested the efficiency of
neoadjuvant immunotherapy or immunochemotherapy, but for NSCLC with
driver mutations, neoadjuvant targeted therapy might be more appropriate. We
advocated the neoadjuvant MET TKI treatment for NSCLC.

KEYWORDS

neoadjuvant therapy, savolitinib, MET exon 14 skipping mutation (METex14), NSCLC,
case report, major pathological response

Introduction

The mesenchymal-epithelial transition (MET) factor, as a receptor for the hepatocyte
growth factor (HGF), is encoded by the MET gene and plays a vital role in cancer
progression. The major MET alterations were MET amplification and overexpression
and MET exon 14 skipping mutation (METex14) (1). Specifically, METex14 occurs in
approximately 3%-4% of non-small cell lung cancer (NSCLC) cases and is associated
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with a worse prognosis, which has been a novel treatment target
for NSCLC (2-5). In China, savolitinib was approved for the
treatment of locally advanced or metastatic NSCLC with
METex14 in patients who have progressed after or who are
intolerant to platinum-based chemotherapy in 2021 (2).

To improve the prognosis of lung cancer, neoadjuvant
strategies for NSCLC have aroused great interest. The
significance of a molecular targeted agent as a preoperative
treatment is currently unknown, whereas immunotherapy (I0)
has shown promising results in phase 2 or 3 studies such as the
LCMC3 (6), CheckMate-816 (7), and NADIM (8). It was
observed that subjects with sensitive driver mutations usually
were excluded from these trials. None of the patients harboring
either EGFR mutations or ALK fusions (0/15) achieved a major
pathological response (MPR) in the LCMC3 study (2). This
strongly suggested that these patients with driver genes unlikely
benefited from neoadjuvant immunotherapy. Neoadjuvant
targeted therapy might be more appropriate.

Case presentation

A 76-year-old male patient with dyspnea, slight cough,
weight loss (3 kg) in 2 months, and a history of smoking,
without fever, chills, or syncope, visited our hospital on 7
September 2021. He had an Eastern Cooperative Oncology
Group (ECOG) performance status of 2. A routine chest
computed tomography (CT) scan showed a mass in the right
lung, highly likely to be a tumor. A percutaneous pulmonary
biopsy established the diagnosis of a poorly differentiated
carcinoma (Figure 1A), with immunohistochemical (IHC)
manifestation as CK (+), Ki-67 (~10%), TTF-1 (=), P63 (-),
CgA (-), and Syn (-). A diagnostic workshop including
enhanced CT scans of the chest and abdomen, MRI scan of
the brain, and bone scintigraphy identified a soft tissue
(5.8 x 49 cm) in the posterior segment of the right upper
lobe, closely adjacent to the right superior lobe vein,
compressing the bronchus, with right hilar and mediastinal
lymph node enlargement (with a short diameter of 1.7 cm)
(Figure 2A). Moreover, no distant metastasis was detected. His
disease was evaluated as cT4N2MO, stage IIIB, which was
considered a marginally resectable lesion through
multidisciplinary team (MDT) discussion. Afterward, a next-
generation sequencing (NGS) panel consisting of 56 driver genes
(Burning Rock Biotech, China) was performed on his tumor
sample and revealed MET exon 14 skipping mutation
(METex14, 28.32%), point mutations in TP53, KDR, and KIT,
and no EGFR/ALK alterations. PD-L1 expression and tumor
mutation burden (TMB) were absent due to a limited biopsy
sample. For unresectable locally advanced NSCLC, definitive
chemoradiotherapy followed by durvalumab is the standard of
care (SOC). Our patient was considered to have a marginally
resectable disease through our MDT discussion, and then he was
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subjected to neoadjuvant therapy followed by surgical resection.
The highly selective oral MET inhibitor savolitinib
(HUTCHMED, AstraZeneca) was prescribed after getting the
informed consent of the patient.

Oral savolitinib was commenced at a dose of 400 mg once
daily. Six weeks later, a CT rescan identified dramatic regressions
of the primary tumor (shrinkage of 69%, Figure 2B) and lymph
nodes. The tumor response was assessed as a partial response
(PR). The treatment was well tolerated with no adverse events.
The symptoms of dyspnea and cough were relieved and the
ECOG PS returned to 1. Another CT scan after an additional
1 month indicated an even smaller tumor (shrinkage of 82%,
Figure 2C). After our MDT consultation, surgery was
recommended. The patient underwent video-assisted thoracic
surgery (VATS). Right upper lobectomy, wedge resection for the
dorsal segment of the right lower lobe, and mediastinal lymph
node dissection were performed. During the operation, mild
pleural adhesion was observed without pleural effusion or
pleural implants, blood loss was 30 ml, and the operative time
was 60 min. In the postsurgical pathological examination, all
dissected lymph nodes including stations 2R (3), 4R (4), and 7
(5) were free of tumor cells. The primary tumor was identified as
a highly-moderately differentiated invasive adenocarcinoma
(Figure 1B), confirmed by IHC [positive for TTF-1
(Figure 1E), Napsin A (Figure 1F), and CK7 (Figure 1G) and
negative for CK5/6 (Figure 1H)], with 5% of the residual viable
tumor and 95% of fibrosis and inflammation (Figures 1B-D).
MPR was achieved. The patient was discharged and followed up
for 8 months. Figure 3 demonstrates the timeline of the
diagnosis, treatment, and follow-up of the patient.

Discussion

Our patient with marginally resectable lung adenocarcinoma
harboring METex14 was successfully treated with savolitinib as
neoadjuvant therapy. Recently, neoadjuvant strategies have
aroused great interest. A dozen of studies tested the efficiency
of neoadjuvant therapies, including targeted therapy,
immunotherapy, or immunochemotherapy (Table 1). In the
LCMC3 study, the largest neoadjuvant immunotherapy trial,
two cycles of preoperative atezolizumab led to an MPR
of 20.4% (30/181) and a pCR of 6.8% (6). Neoadjuvant
immunochemotherapy has higher efficiency. The MPR was
typically 36.9%-85% and the pCR was 18%-38% except for a
higher pCR of 63% from the NADIM study (7-11). In the
CheckMate-816 study, the immunotherapy combination
achieved a pCR of 24.0% and an MPR of 36.9%, compared
with 2.2% and 8.9% for chemotherapy. The median event-free
survival was 31.6 and 20.8 months, respectively (7). Regarding
toxicities, the rate of grade 3 or worse adverse events could be as
low as 16.6% (LCMC3) (6) or as high as 88% (SAKK16/14) (9).
Notably, none of the patients harboring either EGFR mutations
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FIGURE 1

Histopathology of tumor with major pathological response (MPR) to neoadjuvant savolitinib. (A) High-power magnification (x200) shows tumor
cell nests without inflammatory cell infiltration and initially diagnosed as a poorly differentiated carcinoma. (B) Low-power magnification (x20)
shows that only 5% of this tumor was viable with 95% showing fibrosis and chronic inflammation without necrosis tissue in the pathology of
postoperative samples by H&E staining. (C, D) Enlargement of the blue and red boxes in (B). (C) H&E staining image shows numerous foam
cells, multinucleated giant cells, and cholesterol crystals. No viable tumor was seen. (D) Higher power magnification shows the amount of
inflammatory cell infiltration and the formation of lymphoid follicular, with the acinar type of tumor cells growing with adherence.
Immunohistochemical (IHC) reveals that tumor cells were positive for TTF-1 (E), Napsin A (F), and CK7 (G) and negative for CK5 (H). The scale
length is 1 cm.
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September 2nd ~ Baseline

FIGURE 2

November 7th 40 days

December 3rd two months

Enhanced chest CT scans during therapy: (A) baseline imaging. (B) After 40 days with savolitinib. (C) After 2 months with savolitinib. The red
arrow indicates a primary tumor. The yellow arrow indicates metastatic lymph nodes

Postoperative pneumothroax |

Dec 30th 2022

Aug 9th 2022

| Discharged |

The last telephone follow-up,
alive and feel well

Di; is and lun,

ib:400mg qd po

carcinoma, cT4N2MO,lIIB; AE: Nothing

Post-surgical pathological
ings:hi diffe

NGS:METex14(+), P53(+),
KDR(+) ,KIT(+),EGFR(-),ALK(-)

Physical condition:
relieve, ECOG 1

yYPT1CNOMO,IA3

MDT: neoadjuvant therapy
Physical condition:dyspnea,

pneumothroax

ECOG 2

FIGURE 3

Timeline of the diagnosis and chest CT scans during the treatment and follow-up of this case. (A) Baseline imaging. (B) Treatment with
savolitinib for 6 weeks. (C) Treatment with savolitinib for 10 weeks. (D) After 2 weeks of surgical operation, the patient had dyspnea, chest CT
confirmed pneumothorax in the right lung, and closed thoracic drainage was performed on the patient. (E) Enhanced chest CT scans confirmed
that the pneumothorax was improved 1 week later. The patient was alive and felt well at the last telephone follow-up on 9 August 2022.

or ALK rearrangement (0/15) achieved MPR in the LCMC3
study (6). This strongly suggested that these patients were
unlikely to benefit from neoadjuvant immunotherapy.

For those with driver mutations, neoadjuvant targeted
therapy might be more appropriate. In the EMERGING-
CTONGI1103 study, the only published RCT trial comparing
neoadjuvant targeted therapy to platinum-based chemotherapy,
neoadjuvant erlotinib achieved an MPR of 9.7% compared with
0% in the chemotherapy group. Moreover, the progression-free
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survival (PFS, 21.5 and 11.4 months) was significantly longer in
the erlotinib group. Also, the overall survival (OS, 42.2 and
36.9 months) was numerically longer (18, 24). In another small-
scale study, 11 patients with ALK rearrangement underwent
surgery after neoadjuvant crizotinib therapy. Ten patients (91%)
had RO resection, including two cases of pCR (23). Furthermore,
cases of successful neoadjuvant targeted therapy for ROS1, RET,
or ALK rearrangement were reported (25-28). The prospective
phase II ALNEO and NAUTIKA1 studies on neoadjuvant
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TABLE 1 Summary of the published prospective neoadjuvant therapy trials.

Pts Neoadjuvant (ICI+CTH; MPR (%) pCR (%)

ICI; target)

Forde 2022 (7) 358 Nivo+CTH vs. CTH 369 vs. 89  24vs. 22
Rothschild 2021 55 Durv+CTH 62 18
©)

Provencio 2022 (8) 41 Nivo+CTH 83 63
Shu 2020 (10) 30 Atez+CTH 57 33
Zinner 2020 (11) 13 Nivo+CTH 85 38
Carbone 2021 (6) 181 Atez 20.4 6.8
Cascone 2021 (12) 44 Nivo; Nivo+ipil 22; 38 10; 38
Zhang 2022 (13) 40 Sint 40.5 8.1
Wislez 2021 (14) 46 Durv NR NR
Besse 2020 (15) 30 Atez 14 0
Forde 2018 (16) 21 Nivo 45 15
Chao 2022 (17) 40 Osim 10.7 3.6
Zhong 2021 (18) 72 Erlo vs. CTH 9.7 vs. 0 0vs. 0
Xiong 2020 (19) 15 TKI 67 0
Zhang 2021 (20) 33 Gefi 24.2 NR
Xiong 2019 (21) 19 Erlo NR NR
Tan 2019 (22) 13 Gefi 7.7 NR
Zhang 2019 (23) 11 Criz NR 18.2

10.3389/fonc.2022.1006634

Survival >Grade3 TRAE (%)
mDEFS mOS
31.6 vs. Not reached 34 vs. 37
20.8 months
12 months: 73.3% Not reached (28.6 months 88
+)
3 years: 81.1% 3 years: 91.0% 30.4
4 years: 81.1% 42 months: 87.3%
179 m Not reached (27.6 months 50
+)
NR NR 15.4
1 year: 85% 1 year: 92% 16.6
Not reached Not reached (22.2 months 13;10
+)
3 years: 75% 3 years: 88.5% 10
18 months: 69.7% Not reached 0
NR NR 10
18 months: 73% Not reached 4.5
NR NR 7.5
21.5 vs. 42.2 vs. 36.9 months 0vs. 294
11.4 months
NR 51.0 months NR
33.5 months Not reached 0
11.2 months 51.6 months 15.8
20.2 months NR 8
NR NR 9

CHT, doublet chemotherapy; DFS, disease-free survival; MPR, major pathological response; OS, overall survival; pCR, complete pathologic response; Nivo, nivolumab; Durv, durvalumab;
Atez, atezolizumab; Ipil, ipilimumab; Sint, sintilimab; Osim, osimertinib; Erlo, erlotinib; Gefi, gefitinib; Criz, crizotinib; NR, not reported.

alectinib therapy finished enrolment, and preliminary results
were reported (29, 30). For the completed resected patients
harboring EGFR mutation, the phase III ADAURA study
confirmed that osimertinib could achieve a longer DFS for
stage IB to IITA diseases. As a result, osimertinib is now
recommended for these patients (31).

It should be noted that most, if not all, studies were
performed on patients with resectable diseases. For those with
marginally or potentially resectable lesions, preoperative therapy
followed by surgery might also be possible. In an elegant pilot
study, patients with initiative “unresectable” locally advanced
lung cancer were successfully transformed into “resectable”
disease by preoperative immunochemotherapy (32). This study
highlighted the road to transformation of neoadjuvant
treatment, given the high efficiency of the preoperative therapies.

METex14 is a low-frequency driver mutation in metastatic
NSCLC (3%-4%) and is associated with a poor prognosis (1, 33).
Patients with METex14 receiving chemotherapy had only an OS
of 6.7 months (3). They also poorly responded to immune
checkpoint inhibitors, with an objective response rate (ORR)
of 17% and a PFS of 1.9 months (34). Non-specific inhibitors
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such as crizotinib brought an ORR of only 12% and a PES of
2.6 months (35), which was far from satisfaction. Until now,
three oral, highly selective, type Ib MET tyrosine kinase
inhibitors (MET TXKIs), namely savolitinib, tepotinib, and
capmatinib, were approved for advanced NSCLC harboring
METex14 (2, 4). Capmatinib and tepotinib were granted FDA
approval, based on the results of the GEOMETRY mono-1
(capmatinib) and VISION (tepotinib) studies (4, 36, 37). In a
crucial phase II trial conducted solely in a Chinese population
(NCT02897479), savolitinib demonstrated an encouraging ORR
of 49.2%, a disease control rate (DCR) of 93.4%, and a median
overall survival (mOS) of 12.5 months (38). Savolitinib was
approved for the treatment of advanced NSCLC patients with
METex14 who progressed after or were intolerant to platinum-
based chemotherapy (2). Savolitinib was the only one of this
kind that got approval in China. Our patient was
prescribed savolitinib.

Considering the high response rate of savolitinib, the
neoadjuvant transformation strategy was explored in our
patient. This treatment led to objective tumor regression,
confirmed by the pathological response in the following
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radical surgery. In our case, we advocated the neoadjuvant MET
TKI treatment for NSCLC. In support of our proposal, a phase 2
trial (NCT04926831) of perioperative capmatinib in NSCLC
with METex14 or MET amplification is being conducted. The
results of this trial are warranted.
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Efficacy and safety evaluation of
neoadjuvant immunotherapy
plus chemotherapy for
resectable non—small cell lung
cancer in real world
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Zhejiang Chinese Medical University, Hangzhou, China, *Department of Radiology, Zhejiang Cancer
Hospital, Hangzhou, China, ®Department of Thoracic Surgery, Zhejiang Cancer Hospital,
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8Zhejiang Cancer Institute, Zhejiang Cancer Hospital, Hangzhou, China

Objectives: The combination of immunotherapy and chemotherapy has
shown great efficacy in stage IV non—-small cell lung cancer (NSCLC) and is
now widely used in clinical treatment strategy. This study retrospectively
analyzed the efficacy and safety of neoadjuvant immunotherapy plus
chemotherapy for resectable NSCLC in real world.

Methods: We retrospectively analyzed patients with NSCLC who received
neoadjuvant immunotherapy plus chemotherapy and underwent complete
tumor resection in Zhejiang Cancer Hospital between January 2019 and
January 2021. Tumor staging was based on the eighth TNM classification
system of the American Joint Committee on Cancer staging criteria. The
safety and toxicity (including operative and postoperative complications) and
the efficacy [including objective response rate (ORR), disease control rate
(DCR), tumor major pathological remission (MPR), and pathological complete
response (pCR)] were evaluated.

Results: In total, 368 patients with NSCLC were administered with neoadjuvant
immunotherapy. Of them, 211 patients were included in this retrospective study.
Most patients had stage II-1Il disease, with 75 (35.5%) and 88 (41.7%) patients
diagnosed with clinical stages IIB and IlIA, respectively. A total of 206 patients
(97.6%) received at least two doses of neoadjuvant immunotherapy plus
chemotherapy. In addition, 121 patients (57.3%) have achieved MPR, and 80
patients (37.9%) have achieved pCR, with ORR at 69.2% and DCR at 97.7%.
Treatment-related adverse events occurred in 46.4% of patients, and the
incidence rate of grade 3 or 4 treatment-related adverse events was 13.3% (13/
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98). Moreover, adverse events of any grade of surgical complication occurred in
15.6% of patients. One-year disease-free survival was 80.6% (170/211).

Conclusions: Neoadjuvant immunotherapy plus chemotherapy has significant
efficacy with a high pCR and tolerable adverse effects for patients with
resectable stage II-1Il NSCLC in real world.

KEYWORDS

NSCLC, neoadjuvant, immunotherapy, chemotherapy, surgery

Introduction

Lung cancer is one of the leading causes of cancer-related
deaths worldwide, and non-small cell lung cancer (NSCLC)
accounts for 80%-85% of new cancer cases (1). Despite the
combination of multimodal therapy treatment strategy
including surgery, chemotherapy, and radiotherapy for
patients with resectable NSCLC, 25%-70% of patients at
different stages will relapse in 5 years (2). In the past decades,
although many efforts have been made to develop the
perioperative management of resectable NSCLC (3, 4), patients
still have to face a high risk of recurrence and death. Therefore, it
is still of urgent need to develop new treatment methods.

In past 5 years, immune checkpoint inhibitors (ICIs),
especially programmed cell death 1 (PD-1) and programmed
death ligand 1 (PD-L1) inhibitors, have significantly changed the
treatment paradigm for patients with advanced NSCLC and
provided long-term survival hope for patients with metastatic
lung cancer. Now, PD-1 and PD-LI inhibitors combined with
chemotherapy have become the standard first-line treatment
methods for advanced NSCLC (5-7). Given the profound
impact of PD-1 and PD-LI inhibitors on advanced NSCLC,
many experts have paid great attention to investigating the
potential role of ICIs in resectable NSCLC, and several
undergoing clinical trials have reported promising results (8-
11). The Checkmate 159 trial was the first study to use PD-1
inhibitor as neoadjuvant regimen for resectable NSCLC, and it
showed that, after two doses of nivolumab preoperatively, 45%
of resected tumors (9/20) had a major pathological remission
(MPR), and 10% of patients (2/20) even achieved a pathological
complete response (pCR) (12). The NADIM trial (NCT
03081689) applied three preoperative cylces of PD-1 inhibitor
with chemotherapy on individuals with stage IIIA disease. The
results showed that 41 patients had underwent tumor resection,
34 (83%) had achieved MPR, 26 (63%) had achieved pCR.
Moreover, 37 patients (90%) achieved pathlogical
downstaging, and 35 patients (85%) are alive and free of
recurrence with a median follow-up of 24 months (9).
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Recently, the phase 3 Checkmate 816 trial showed that
neoadjuvant with nivolumab and chemotherapy significantly
improved the pCR (24.0%) compared with traditional
chemotherapy (2.2%) for resectable NSCLC with a tolerable
safety (13). All these data revealed that the neoadjuvant
immunotherapy combined with chemotherapy may provide a
new treatment strategy for resectable NSCLC.

In this study, we retrospectively collected data from 211
patients with resectable stage IB-IIIB NSCLC, who have received
neoadjuvant immunotherapy plus chemotherapy and
underwent complete tumor resection in our center to evaluate
the efficacy and safety.

Methods
Patients and data collection

Patients with NSCLC who received neoadjuvant
immunotherapy plus chemotherapy and underwent radical
resection between January 2019 to January 2021 in Zhejiang
Cancer Hospital were reviewed. A total of 211 patients with
NSCLC identified from a screened population of 368 patients
were enrolled in this study. The main inclusion criteria were as
follows (1): histologically confirmed NSCLC (2), clinically stages
I-IIT (3), no metastatic cervical lymph nodes or prior cancer
therapy (4), negative driver mutation (5), received at least one
dose of neoadjuvant immunotherapy plus chemotherapy, and
(6) underwent radical surgery with curative intent. Tumor
staging was based on the eighth TNM classification system of
the American Joint Committee on Cancer staging criteria. All
patients underwent routine baseline tumor diagnosis and
staging, including chest computed tomography (CT), brain
magnetic resonance imaging, and positron emission
tomography-CT (PET-CT). The neoadjuvant regimen was
PD-1 inhibitors combined with platinum-based chemotherapy,
which was administered intravenously every 21 days. The PD-1
inhibitors include nivolumab, pembrolizumab, camrelizumab,
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toripalimab, sintilimab, and tislelizumab. Preoperative chest CT
scan was necessary to evaluate the efficacy of neoadjuvant
regimen. Follow-up information was obtained through
inpatient medical records and telephone inquiries. The last
follow-up date was 1 March 2022. This retrospective study was
approved by the Institutional Ethics Board of Cancer Hospital of
the University of Chinese Academy (No. IRB-2022-48).

Study end points and assessment
method

Radiological response of the tumor including objective
response rate (ORR) and disease control rate (DCR)
was assessed after neoadjuvant immunotherapy plus
chemotherapy and before the operation according to the
Response Evaluation Criteria in Solid Tumors version 1.1
(RECIST vl.1). Disease-free survival (DFS) was defined as
the time from diagnosis to disease progression, relapse, or
death, whichever came first.

Postoperative pathological remission including MPR and
PCR was assessed by specilaized pathologist after neoadjuvant
immunotherapy plus chemotherapy. MPR is defined as
neoadjuvant therapy-induced tumor regression with less than
10% vital tumor tissue, and pCR is defined as neoadjuvant
therapy-induced complete tumor regression without vital
tumor tissue (14).

Neoadjuvant therapy adverse events were evaluated on the
basis of the National Cancer Institute Common Terminology
Criteria for Adverse Events version 5.0. From the beginning of
neoadjuvant immunotherapy to the end of the treatment within
1 month, any adverse events that occurred, regardless of whether
there is a relationship with the neoadjuvant immunotherapy,
were judged as an adverse event. Time to surgery is defined as
the time from the end of neoadjuvant therapy to the surgical
operation. Postoperative complications occurred within 30 days
after surgery were documented, including pain, anemia,
subcutaneous emphysema, prolonged air leak, pneumonia,
pleural effusion, and atrial fibrillation.

Statistical analysis

Patients were characterized by clinicopathological variables
such as age, sex, histology, and stage. Categorical variables were
presented as absolute and relative frequency, and numerical
variables were presented as mean (SD) or median. The median
length of follow-up was calculated using the Kaplan-Meier
method. The Kaplan-Meier method was also used to calculate
the DFS. All the statistical tests were two-sided with a
significance level at p<0.05. Statistical analyses were performed
with the SPSS 25.0.
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Results
Patients and treatments

From January 2019 to January 2021, 211 patients who were
diagnosed with primary NSCLC underwent radical RO resection
after neoadjuvant immunotherapy plus chemotherapy in our
center. The major clinicopathological characteristics of 211
patients were shown in Table 1. The patients were
predominately male patients (196, 92.9%) and pathologically
confirmed squamous cell carcinoma (172, 82%). Most patients
were in stages IIB (75, 35.5%) and IITA (88, 41.7%). Most of
them (206, 97.6%) received at least two doses of immunotherapy
plus chemotherapy. A total of 139 patients (65.9%) received
adjuvant immunotherapy after surgery.

Surgery summary

The median time to surgery was 4.1 (range, 0.9-17.4) weeks.
The minimally invasive approach was more common, 154
patients (73.0%) underwent thoracoscopy surgery, 41 patients
(19.4%) underwent thoracotomy, and 16 cases (7.6%) required
conversion from thoracoscopy to thoracotomy. There are a total
of 169 patients (80.1%) underwent lobectomy, 33 patients
(15.6%) underwent sleeve lobectomy, and 9 patients (4.3%)
underwent left pneumonectomy. The differences in surgical
patterns of different cTNM stage were shown in Figure 1. The
median length of hospitalization was 11 days (range, 5-31).

Pathological assessment and efficacy

According to the RECIST vl1.1, four patients achieved CR,
142 patients achieved PR (partial response), 60 patients achieved
SD (stable disease), and 1 patient were evaluated PD
(progression disease). In addition, four patients were unknown
due to the lack of imaging data after neoadjuvant
immunotherapy plus chemotherapy. The ORR was 69.2%, and
DCR was 97.7%. A total of 179 patients and 120 patients
experienced T downstaged and N downstaged, respectively
(Table 1). According to the postoperative pathological results,
the percentage of pCR and MPR was 37.9% (80/211) and 57.3%
(121/211), respectively. The depth of pathological regression in
the primary tumor was shown in Figure 2A. Among patients
achieved MPR, 50 patients (41.3%) were in stage II, of which
ypNO, ypN1, and ypN2 were 84.0% (42/50), 8.0% (4/50), and
8.0% (4/50), respectively; and 71 patients (54.1%) were in stage
III, of which ypNO, ypN1, and ypN2 were 85.9% (61/71), 8.5%
(6/71), and 5.6% (4/71), respectively. Among patients who
achieved pCR, 29 patients (36.3%) were in stage II and 51
patients (63.7%) were in stage III (Figure 2B). More patients
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TABLE 1 Clinicopathological characteristics of 211 patients.

Characteristics

10.3389/fonc.2022.1055610

All patients (n, %)

Age, median (range), years 64 (38-77)
Sex 196 (92.9)
Male 15 (7.1)
Female

Smoking status 181 (85.8)
Current/former 30 (14.2)
Never

Histologic type of tumor 172 (81.5)
Squamous 28 (13.3)
Adenocarcinoma 11 (5.2)
Other type/unknown

Disease stage at baseline

B 2(0.9)
IIA 7 (3.3)
1IB 75 (35.5)
IIIA 88 (41.7)
II1B 39 (18.5)
Doses of neoadjuvant immunotherapy 5(24)

1 148 (70.1)
2 39 (18.5)
3 19 (9.0)
4

Adjuvant therapy*

None 55 (6.1)
Chemotherapy 98 (46.4)
Immunotherapy 143 (67.8)
Radiotherapy 7(3.3)
T category downstaged 179 (84.8)
T category upstaged 13 (6.2)
N category downstaged 120 (56.9)
N category upstaged 17 (8.1)

*Eighty-nine patients received more than one adjuvant therapy.

with squamous cell carcinoma could be observed in the MPR (x* =
8.998, p = 0.003) and pCR group (3> = 4475, p = 0.034), with 71
patients (41.2%) who achieved pCR and 107 patients (62.2%) who
achieved MPR (Figure 2C).

In addition, compared with the evaluation results of CT
and postoperative pathology, the RECIST vl.1 evaluation
based on preoperative CT imaging could not fully reflect the
patient’s final pathological remission status. In addition, 1
patient who has been evaluated PD by radiologic assessment
was confirmed to have no disease progression after surgery.
Among 80 patients who achieved pCR, only four patients
showed CR according to the RECIST vl.1, whereas 63
patients showed PR and 10 patients showed SD. The
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conformity between radiologic assessment and pathological
assessment was 48.3% (102/211). The difference between the
preoperative CT imaging and pathological evaluation results of
a representative patient was shown in Figure 3.

At a median follow-up of 17.0 months, 1-year DFS was
80.6% (170/211). Twenty-eight patients have relapsed, and the
specific progression patterns were shown in Table 2. In addition,
14 patients died during postoperative follow-up. Among them,
six patients were related with tumor progression, three patients
were dead within 30 days after surgery, three patients died with
immune-related adverse events during the postoperative
adjuvant immunotherapy, and another two patients died with
unknown cause.
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Safety and surgical complications

No previously unreported toxicities were observed in relation
to the neoadjuvant immunotherapy plus chemotherapy. Overall,
the incidence of treatment-related adverse events (TRAEs) was
low, and most were grade 1 or 2. TRAE occurred in 46.4% of
patients, and the incidence rate of grade 3 or 4 TRAE was 13.3%
(13/98). The most common grade 3 or 4 TRAE was neutropenia
(1.9%), immune-related hepatitis (1.4%), immune-related
pneumonia (0.5%), thrombocytopenia (0.9%), and rash (0.9%)
(Table 3). Among all these patients, 31 of them occurred more
than two adverse events and six patients terminated the
neoadjuvant immunotherapy due to the toxic effects.

< 10% viable cmor cets M

>

Regression in tumor area with
viable tumor cells(%)

Adverse events in any grade of surgical complication
occurred in 15.6% of patients. The most common adverse
events were prolonged air leak (7, 21.2%) and pleural effusion
(7, 21.2%) (Table 4). In addition, one patient experienced
reoperation due to postoperative bleeding, and two patients
experienced pulmonary embolism.

Discussion

Neoadjuvant immunotherapy plus chemotherapy for
resectable NSCLC is promising and attractive. This study is a
retrospective real-world assessment of neoadjuvant PD-1

80- W MPR
@ pCR
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20739
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FIGURE 2

The pathological results of all 211 patients after neoadjuvant immunotherapy plus chemotherapy. The depth of pathological regression of all
patients (A). The MPR and pCR results by baseline stages of disease (B). The MPR and pCR results of squamous carcinoma and non-squamous

carcinoma (C). **p < 0.01; *p < 0.05
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FIGURE 3

Radiological and pathological response of neoadjuvant immunotherapy plus chemotherapy. (A) The CT imaging and pathological diagnosis at
baseline. (B) The CT imaging after two doses of neoadjuvant immunotherapy plus chemotherapy, and the pathological results after surgery. This
was a 70-year-old male patient with smoking history, who was diagnosed as cT3N1IMO (stage IlIA) squamous cell carcinoma at baseline. After
two doses of neoadjuvant immunotherapy plus chemotherapy, the patient achieved SD according to RECIST v1.1 with CT imaging assessment
of 24% shrinkage of tumor. This patient underwent RO resection with sleeve lobectomy and the pathological results with pCR. The regression
bed is characterized by dense immune infiltrates with features of activation (tertiary lymphoid structure and dense tumor infiltrating lymphocytes

infiltrates), along with features of cell death.

inhibitors plus platinum-based chemotherapy in patients with
resectable stage I-ITII NSCLC. Neoadjuvant therapy given prior
to radical surgery is usually conducted to downstage and
improve the RO resection rate in real world, and it had better
compliance than adjuvant setting, with the biological effect that
could be analyzed directly in the resected specimens (2).
However, in the setting of neoadjuvant chemotherapy, the
efficacy is relatively poor for NSCLC with pCR less than 4%
(14). In addition, neoadjuvant chemotherapy just improved 5%
of the 5-year survival rate on patients with resectable NSCLC
with stage IB-IITA (15). In our study, the combination treatment
regimen with immunotherapy achieved significantly higher
pathological response (MPR, 57.3%; pCR, 37.9%) compared
with the historical neoadjuvant chemotherapy and tolerable
adverse events. There are also several phase Ib/II clinical trials
(9, 10, 12, 16-19), and a randomized phase III clinical trial (20)
of neoadjuvant immunotherapy plus chemotherapy reported
promising results. In the NADIM trial, the MPR rate was 83%
(34/41). However, the initial results of the NEOMUN trial,
which used pembrolizumab plus chemotherapy, reported that
only four patients achieved MPR in 13 cases (17). Thus, the
efficacy of neoadjuvant immunotherapy plus chemotherapy
remained controversial based on the existing pilot studies, and
more evidence is yet needed. The first reported phase III trial
CheckMate 816 reported that neoadjuvant nivolumab plus
chemotherapy significantly increased the MPR rates (36.9% vs.
8.9%, p < 0.05) and pCR rates (24.0% vs. 2.2%, p < 0.001)
compared with neoadjuvant chemotherapy alone. Consistent
with these clinical trials, higher percentage of pCR and MPR
rate in squamous carcinoma group than that in non-squamous
group was observed in our study with statistical significance
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(41.3% vs. 23.1% and 62.2% vs. 35.9%, respectively). In addition,
patients with stage III NSCLC have the trend to benefit more
from the combination treatment regimen than stage IB or II
patients (pCR, 40.2% vs. 34.9%), which is consistent with
previous reports of adjuvant chemotherapy (21).

National Comprehensive Cancer Network guidelines
recommended four doses of adjuvant chemotherapy, whereas
the dose of neoadjuvant immunotherapy plus chemotherapy is
inconclusive. In general, most studies choose two to four doses,
whereas CheckMate159 (12) and LCMC3 (19) trials chose two
doses, NADIM (9) and CheckMate 816 trials were of three doses,
and NCT02716038 trial (10) was of four doses. In addition, a
meta-analysis showed that three doses of neoadjuvant
chemotherapy could reduce the risk of death (15). In our
study, more than two-thirds of patients received two doses of
neoadjuvant of immunotherapy plus chemotherapy. In addition,
54.7% (81/148) of patients achieved MPR and 35.8% (53/148)
achieved pCR. In the three or more doses subgroup, the
percentage of MPR and pCR was 65.5% (38/58) and 44.8%
(26/58), respectively. The results demonstrated that the increase
of the neoadjuvant dose may have the trend to improve the pCR
and MPR rate. In addition, preclinical studies suggested that
there is a window between neoadjuvant immunotherapy and
surgery, and shortening or delaying the interval between surgery
and neoadjuvant immunotherapy could lead T cells to become
inactivated or return to dysfunctional state, which will
significantly affect survival (22). It is really challenging to
determine the timing of surgery after neoadjuvant
immunotherapy to ensure the strongest activity of T cells. In
the NADIM trial, it is suggested to take operation 3 to 7 weeks
after the end of neoadjuvant immunotherapy. In addition, the
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TABLE 2 The specific progression patterns of 28 patients.

10.3389/fonc.2022.1055610

Patient No. cTNM ypTNM MPR or pCR Progression pattern
3 cT3N,M, ypT15NoMg - Regional

7 TN Mg ypToNoM, pCR Regional+Distant
9 cT,N,M, ypToN>M, MPR Regional+Distant
33 cT,.N; M, ypToNM, MPR Regional

48 cT3N,M, ypT2NoMg - Regional+Distant
52 cT3NoM, ypT1.N1 Mg MPR Regional

61 cT3N,M, ypT2.N1 M, - Regional

64 cT3NoM, ypTsN>M, - Distant

79 cT3N,M, ypTsN1M, - Regional+Distant
84 cT1,NoMy ypToNoM, pCR Distant

88 cT3N,M, ypToNoM, pCR Regional+Distant
101 cT3NoM, ypT2uNoMg - Regional

112 cT3N,M, ypT1.N>Mg MPR Regional+Distant
114 cT4NoM, ypTaNoM, - Regional

115 cT3N,M, ypT2.NoMg - Regional+Distant
117 cT3NoM, ypT2.NoM, - Distant

145 cT3N,M, ypT1.NoM, MPR Regional+Distant
174 cT,.N,M, ypTaN>M, - Regional

176 cT5.N,M, ypT2N1 My - Distant

177 T NoM, ypT1sN>M, - Regional

178 cT4,N,M, ypTaN1M, - Regional

186 TN, M, ypT>N,M, MPR Distant

188 cT,.N;M, ypTuN>M, - Regional

34* ¢T3N M, ypT2NoMg - Regional

41* cT4N; M, ypToNoM, pCR Distant

62* cT,N,M, ypT1NoM, - Distant

162* cTp,N M, ypTaN M, - Regional+Distant
208* T N1M, ypT2N>M, - Distant

*indicates that the patients were dead.

Checkmate 816 trial suggested to take operation within 6 weeks.
An expert consensus for 2020 recommended to take operation 4
to 6 weeks after the last neoadjuvant immunotherapy (23). In
this study, the median time between the end of neoadjuvant
immunotherapy and surgery was 4.1 weeks. All patients
underwent RO resection, 73.7% of patients underwent
minimally invasive surgery, and less than 10% patients
received the conversion to thoracotomy. Moreover the
addition of PD-1 inhibitors to neoadjuvant chemotherapy did
not increase the incidence of surgery complications or impede
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the feasibility of surgery, as well as the length of hospitalization.
These results indicated that the surgery timing in 4 to 6 weeks
after the last neoadjuvant immunotherapy is practicable.
Notably, although studies have proposed MPR as a surrogate
end point in neoadjuvant trials for resectable NSCLC (24-27),
the relation between pCR and survival is still under debate in the
setting of neoadjuvant immunotherapy. In the NADIM trial, the
radiologic response according to CT scans and pCR was not
significantly associated with survival (28). Unlike conventional
chemotherapy, the response pattern of patients treated with
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TABLE 3 Treatment-related adverse events during neoadjuvant immunotherapy plus chemotherapy.

Adverse events, n (%) Grade 1-2 Grade 3-4
Neutropenia 30 (14.2) 4(1.9)
Decreased appetite 7 (3.3) -
Fatigue 5(2.4) -
Nausea 4(1.9) -
Anemia 30 (14.2) -
Rash 5(24) 2(0.9)
Increased aminotransferases 14 (6.6) 1(0.5)
Thrombocytopenia 17(8.1) 2(0.9)
Pneumonia 2 (0.9) 1 (0.5)
Hepatitis - 3(1.4)
Fever 7 (3.3) -
Arthralgia 5(24) -
Ninety-eight patients occurred treatment-related adverse events, of which 31 patients occurred more than two AEs (adverse events).

immunotherapy may be different, with some patients developing
pseudo-progression or hyperprogression (29). As in our study,
the CT evaluation could not accurately reflect the efficacy of
neoadjuvant immunotherapy, and recent studies showed that
FDG PET-CT could better play the role in assessment of
response to immunotherapy (30, 31). In addition, a recent
study from the International Neoadjuvant Melanoma
Consortium supports the role of pCR as an early surrogate
end point for recurrence-free survival and overall survival (27).

TABLE 4 Surgery-related adverse events.

In our study, although we do not have the long-term survival
data due to the short follow up, among the 28 patients who have
progressed after surgery during follow up, only four patients
were pCR, which may indicate that pCR may be related with
better DFS. Thus, in this regard, it still need more trials and long
follow-up to illustrate whether pCR is an appropriate surrogate
end point. In addition, in the NADIM trial, PD-L1 expression
could not predict survival (28), which was similar with the
studies in metastatic NSCLC (5, 32). The SAKK 16/14 trial

Postoperative complications n (%)
Pain 3(1.4)
pneumothorax 7 (3.3)
Subcutaneous emphysema 2 (0.9)
Atrial fibrillation 1(0.5)
Pleural effusion 6 (2.8)
Hypokalemia 4 (1.9)
Hyperkalemia 1 (0.5)
Postoperative bleeding 2(0.9)
Anemia 2 (0.9)
Pulmonary embolism 2(0.9)
Pulmonary atelectasis 1(0.5)
Hoarseness 2(0.9)
Pneumonia 7 (3.3)
Thirty-three patients occurred surgical complications, of which 10 patients occurred more than two AEs.
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also demonstrated that there was no association between MPR
and pretreatment PD-L1 expression (33). Thus, the PD-L1
expression was not mandatory in this study.

Overall, the preliminary results in this study showed the
excellent efficacy of the neoadjuvant immunotherapy plus
chemotherapy in resectable NSCLC. In addition, the addition
of neoadjuvant of immunotherapy did not increase the difficulty
of surgical procedure and surgery-related adverse events.
However, there are some limitations in our study. It is a
retrospective study from a single cancer center with short-term
follow up, and there may be omissions in the records of
immune-related and surgery-related adverse events. In
addition, the PD-L1 expression status of patients at baseline
and the patient reported outcomes were not recorded. This study
only included patients who had undergone RO resection after
neoadjuvant immunotherapy, and the adjuvant therapy was not
well controlled. Numerous questions still need to be investigated,
such as the dose of neoadjuvant immunotherapy, the
maintenance immunotherapy treatment after surgery, and the
appropriate end point and biomarkers.

In conclusion, this study presented a promising efficacy of
neoadjuvant PD-1 inhibitors plus chemotherapy for patients
with resectable stage I-III NSCLC and tolerable toxicities.
However, these findings still need prospective clinical trials
to confirm.
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Nursing and School of Public Health, Yangzhou University, Yangzhou, China

Objective: The study evaluated the effects of high-intensity interval training (HIIT)
on postoperative complications and lung function in patients with lung cancer
compared to usual care.

Methods: We searched electronic databases in April 2022, including PubMed,
Embase, the Cochrane Library, Web of Science, and the China National Knowledge
Infrastructure (CNKI). Two authors independently applied the Cochrane Risk of
Bias tool to assess the quality of RCTs. The postoperative complications, length of
hospitalization, and cardiopulmonary functions from the studies were pooled for
statistical analysis.

Results: A total of 12 randomized controlled trials were eligible for inclusion
and were conducted in the meta-analysis. HIIT significantly increased VO,peak
(MD = 2.65; 95% Cl = 1.70 to 3.60; I° = 40%; P <0.001) and FEV1 (MD = 0.12;
95% Cl = 0.04 to 0.20; /? = 51%; P = 0.003) compared with usual care. A
subgroup analysis of studies that applied HIIT perioperatively showed
significant improvement of HIIT on FEV1 (MD = 0.14; 95% Cl = 0.08 to 0.20;
I? = 36%; P <0.0001). HIIT significantly reduced the incidence of postoperative
atelectasis in lung cancer patients compared with usual care (RD = -0.16; 95%
Cl=-0.24t0-0.08; I? = 24%; P <0.0001). There was no statistically significant
effect of HIIT on postoperative arrhythmias (RD = —-0.05; 95% Cl = -0.13 to
0.03; I? = 40%; P = 0.22), length of hospitalization (MD = —1.64; 95% Cl = —3.29
to 0.01; P = 0.05), and the six-minute walk test (MD = 19.77; 95% Cl = -15.25 to
54.80; P = 0.27) compared to usual care.

Conclusion: HIIT may enhance VO,peac and FEV1 in lung cancer patients and reduce
the incidence of postoperative atelectasis. However, HIIT may not reduce the
incidence of postoperative arrhythmia, shorten the length of hospitalization, or
improve the exercise performance of patients with lung cancer.

Systematic review registration: PROSPERO, CRD42022335441
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HIIT, high-intensity interval training, lung cancer, postoperative outcome, lung function
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1 Introduction

According to global cancer statistics, lung cancer is one of the most
diagnosed cancers, with an estimated 2.2 million new cases and 1.8
million deaths in 2022 (1). Smoking is the major cause of lung cancer,
with about 80% to 90% of lung cancer cases related to smoking (2, 3).
Lung cancer is divided into small-cell lung cancer (SCLC) and non-small-
cell lung cancer (NSCLC), and the prevalence of NSCLC is higher,
accounting for about 85% (4). There are many treatments for lung
cancer, such as surgical resection, chemotherapy, and radiotherapy (5).
Surgical intervention is most applicable to early-stage lung cancer
diagnoses and is considered the best curative option (6). Complications
adversely affect survival after lung cancer surgery. Fernandez et al.
showed that complications including delirium, blood transfusion,
reintubation, and pneumonia are associated with worse survival in the
early period (0-180 days) (7). Respiratory problems were found to be the
most common cause of lung cancer readmission within 30 days after
surgery, and postoperative pulmonary complications were strongly
associated with mortality within 90 days after surgery (8). A
prospective observational study found that patients who underwent a
lung resection with postoperative pulmonary complications had a
significantly prolonged length of hospital stay post-surgery and
reduced overall survival in months compared with patients without
postoperative pulmonary complications (9).

Exercise has been found to be effective in improving the health
condition, quality of life, and exercise capacity of patients with lung
cancer after surgery (10, 11). High-intensity interval training (HIIT)
is a unique training method that consists of short (<45 s) to long (2-4
min) physical activity at submaximal to all-out intensity, interspersed
with passive or active recovery sessions (12). HIIT was initially used as
a physical training method for athletes to improve cardiopulmonary
function and has been gradually applied in the field of disease
prevention and rehabilitation recently (13). Previous meta-analyses
focused on the effect of HIIT on cardiorespiratory fitness in lung
cancer patients, especially on peak oxygen uptake (VO,pcar) (14, 15).
There is a lack of studies on postoperative complications, length of
hospitalization, and other cardiopulmonary function indicators in
lung cancer patients (14). Therefore, in our meta-analysis, we
evaluated the effects of HIIT on postoperative complications and
lung function in patients with lung cancer compared to usual care.

2 Methods

This systematic review and meta-analysis strictly followed the
guidelines of the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (16). We registered a protocol for
this systematic review and meta-analysis on PROSPERO (registration ID
is CRD42022335441).

2.1 Search strategy and information source

We conducted a literature search on April 23, 2022. Five
electronic databases were searched, including PubMed, Embase,
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Cochrane Library, Web of Science, and China National Knowledge
Infrastructure (CNKI).

2.2 Inclusion and exclusion criteria

Identified studies were screened for eligibility if they met the
following inclusion criteria: (1) patients who had been diagnosed with
lung cancer; (2) the exercise protocol was defined as high-intensity
interval training; (3) the HIIT group was compared with usual care or
standard care; (4) only randomized controlled trials were included;
and (5) all languages were available.

The exclusion criteria were as follows: (1) lack of usual care or
standard care; (2) studies with missing data or outliers; (3) repeated
publications; and (4) meeting abstracts.

2.3 Outcomes

Pulmonary function and postoperative complications were the
primary outcomes of this study. Secondary outcomes included the
length of hospitalization and the six-minute walk test.

2.4 Date extraction

Based on the inclusion and exclusion criteria, data were extracted
independently by two authors. The data were extracted from each study
using a standard form that included the first author, year, country,
number of patients, sex percentage, age, TNM cancer stage, intervention
(including HIIT protocol and the timing of HIIT), control, primary
outcomes, and secondary outcomes. Any disagreements can be resolved
through discussion or by having a third researcher reviewing.

2.5 Quality assessment

Two authors independently applied the Cochrane Risk of Bias
tool to assess the quality of RCTs. It contains the following aspects to
assess random sequence generation, allocation concealment, blinding
of participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and other biases. Any
disagreement was solved by consensus or by asking another
researcher to reassess.

2.6 Statistical analysis

Review Manager 5.4 software was used to analyze the extracted data.
For continuous outcomes, we used the mean difference (MD) and their
95% confidence intervals for the study. The risk difference (RD) and their
95% confidence intervals were applied to dichotomous outcomes. The
imported data were evaluated for statistical heterogeneity. Heterogeneity
was tested using the I statistic and the Cochrane Q statistic, as
recommended by the Cochrane Handbook. I* and the p-value for Q
statistics were applied to assess the heterogeneity across included trials,
and I* >50.0% or P <0.10 was considered significant heterogeneity (17).
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3 Results
3.1 Study selection and characteristic

A total of 4,141 articles were retrieved and identified after
completing the search strategy, including one additional record
identified through a manual search. The number was reduced to
3,793 after removing 348 duplicates. A total of 3,746 articles were
excluded by two authors who independently read the title and abstract
of each article. After assessing the remaining 47 articles, 32 articles
were excluded by screening the full text; the excluded reasons were as
follows: no RCT (n = 1), no HIIT intervention (n = 22), review (n = 8),
repeated publication (n = 3), and non-lung cancer patient (n = 1).
Finally, it resulted in the inclusion of 12 articles (Figure 1).

The main characteristics of the HIIT intervention studies
included in this review are presented in Table 1. The studies
originated in China (18-23), Denmark (24, 25), Spain (26), Norway
(27), Australia (28), and Switzerland (29). The trial sample size ranged
from 15 to 218. Clinical data were collected from 926 lung cancer-
related patients in our meta-analysis. The gender of patients was
predominantly male (95.5% to 28.6%). However, one study did not
accurately report the age and gender characteristics of the patients
(25). Two studies recruited patients with non-small-cell lung cancer
(NSCLC) or small-cell lung cancer (SCLC) (21, 25). One study
enrolled patients with both NSCLS and chronic obstructive
pulmonary disease (COPD) (22). The rest of the studies enrolled
patients in the early stages of non-small-cell lung cancer (18-20, 23,
24, 26-29).

Five studies conducted HIIT interventions preoperatively (18-20,
22, 29). In contrast, three studies conducted HIIT interventions
postoperatively (21, 26, 27). One study applied HIIT during post-
operation or post-chemotherapy (28). Three studies applied HIIT

Records identified through database
searching (n=4140)

10.3389/fonc.2022.1029738

programs during targeted therapy (23), radiotherapy (24), and
chemotherapy (25), respectively.

Most studies used high-intensity interval bicycling as the
intervention method; a few studies used high-intensity interval
walking; and a study used high-intensity interval respiratory muscle
training (26). Seven studies applied high-intensity interval training
solely (18-23, 29). Three studies combined HIIT with resistance
training (25, 27, 28). One study combined HIIT with aerobic
training (24). In particular, one study combined high-intensity
interval respiratory muscle training, resistance training, and aerobic
training together (26).

3.2 Risk of bias

(Figure 2) presents the risk of bias assessments for all 12 included
studies. Four studies were deemed to have a low risk of bias (24-26,
28), and eight studies were considered to have a moderate risk of bias
(18-23, 27, 29).

3.3 Outcomes

3.3.1 Pulmonary function

Seven studies supported the finding that HIIT increased VO, peqk
in patients with lung cancer. The result of the meta-analysis was
statistically significant and favored the HIIT intervention (MD =
2.65; 95% CI = 1.70 to 3.60; IZ = 40%; P <0.001) (Figure 3). Five
studies examined the effect of HIIT intervention on forced
expiratory volume in 1 s (FEV1). The results showed statistical
significance and favored the HIIT intervention (MD = 0.12; 95% CI
= 0.04 to 0.20; I° = 51%; P = 0.003). We conducted a subgroup
analysis to solve the heterogeneity. Only studies that conducted

Additional records identified through
manual search (n=1)

|

|

‘ Records after duplicates removed (n=3793) ‘

Records excluded base on title and

abstract (n=3746)

Records screened (n=47)

Full-text articles excluded with
reasons(n=35)
Not an RCT (n=1)

No HIIT intervention (n=22)
Review (n=8)
Repeated publication (n=3)
Non-lung cancer patient (n=1)

Studies included in quantitative synthesis
(meta-analysis)
(n=12)

FIGURE 1
Flow diagram of the selection of studies.
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TABLE 1 Characteristics of included randomized clinical trials.
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Study (@e]V]4143Y Patients, Age, TNM Intervention Control Primary Secondary
total n years cancer outcomes outcomes
stage
Gao China 178 (89 vs 89) 56 (63) 54.36 I, 1L, 11T Post-operative, 3-5 Usual care FEV,, FVC, SAS, FoP-Q-SF, SF-36,
(2022) vs 46 (10.58) NSCLC/ times/day, 3-5 times/ MVV, 6MWT TNF-o, CRP, OS
(52) Vs SCLC week, 2 months
5293 ‘Warm-up: no report
(8.83) HIIT: 15-30 s cycling
all-out sprint and 15 s
rest, total 5-10 min
Cool down: no report
Liu China 68 (34 vs 34) 17 (50) 60.8 L, II, IIla Pre-operative, 30 min/ Usual care FVC, FEV,, Postoperative
(2017) vs 19 (4.3) vs | NSCLC times, two times/day, MVV, DLCO complications
(56) 62.6 7 days
(5.1) ‘Warm-up: no report
HIIT: 3 %(40%-100%
HR oy climbing stairs
and 3 min rest)
Cool down: no report
Wang China 56 (28 vs 28) 12 56.32 L IL IIT Pre-operative, 1 time/ Usual care 6MWT Dyspnea, anxiety,
(2020) (42.86) (5.48) NSCLC day, 3 months depression, exercise self-
vs 13 vs Warm-up: 10 min 70% efficacy, self-care ability,
(46.43) 58.04 HR ax cycling Length of hospitalization
(8.27) HIIT: 1 min high
intensity (70%-100%
HR oy cycling + 1 min
rest, total 35 min
Cool down: 5 min rest
Wu China 58 (29 vs 29) 19 61.4 Lung Pre-operative, five times/ | Usual care Operation Postoperative
(2015) (65.5) (6.3) vs | cancer week, 2 weeks time, complications
vs 20 61.6 Warm-up: 1 min 15 W Intraoperative
(68.9) (6.7) cycling blood loss,
HIIT: 40 min cycling Length of
(60%-80% VOspea) and hospitalization
rest (1:1)
Cool down: 5 min 15 W
cycling
Fang China 44 (22 vs 22) 21 64.1 I, 1L, Illa Pre-operative, five times/ | Usual care FVC, FEV,, WRpeaks VOopeaks AT,
(2013) (95.5) (7.16) NSCLC week, 2 weeks MVV, DLCO HRaxo VOo/HR, VE, 00
vs 21 vs 64.8 | with Warm-up: 1 min 15 W Postoperative
(95.5 (6.82) COPD cycling complications, Length of
HIIT: 40 min cycling hospitalization
(60%-80% VOspear) and
rest (1:1)
Cool down: 5 min 15 W
cycling
Licker Switzerland | 151 (74 vs 77) = 41 (55) 64 (13) Ila Pre-operative 8 HIIT Usual care Postoperative 6MWT, VOypeao Length
(2017) vs 50 vs 64 NSCLC sessions for 25 Days, complications of hospitalization
(65) (10) or less three times a week
Warm-up: 5 min cycling
at 50% Wpea
HIIT: 2 # (15 s sprints at
100% Wpea and 15 s
rest), total 20 min
Cool down: 5 min
cycling at 30% Wpeak
Edvardse Norway 61 (30 vs 31) 13 (43) 64.3 1-1v Post-resection, starting Standard VOspeak FEV,, MVV, Tlco, Leg
(2015) vs 15 (9.3) vs | NSCLC 5-7 weeks after surgery postoperative press (1 RM), Hand grip
(48) 65.9 60 min, three times/ care (1 RM), BMI, Total
(8.5) week, 20 weeks muscle mass, Chair
HIIT: Walking uphill on stand, Stair run
a treadmill 80%-95%
HR ax
Resistance training: 3*6-
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TABLE 1 Continued

Country

Patients,
total n

TNM
cancer
stage

Intervention

Control

Primary
outcomes

10.3389/fonc.2022.1029738

Secondary
outcomes

Egegaard Denmark

(2019)

15 (8 vs 7)

3 (37.5)
vs 2
(28.6)

64 (5.8)
vs 65
(5.7)

1IIa, IIIb,
v
NSCLC

12 RM upper and lower
limb, back strength

During radiotherapy,

20 min/times, five times/
week, 7 weeks
Warm-up: 5 min light
cycling

HIIT: 5 * 30 s 80%-95%
iPPO cycling and 30 s
rest, total 10 min
Aerobic training: 5 min
80% iPPO cycling

Standard care

Feasibility

VOspears SMWT, FEV,
FACT-L, HADS,
reported daily, blood
pressure

Cavalheri Australia

(2017)

Hwang China

(2012)

17 (9 vs 8)

24 (13 vs 11)

5 (29)

5 (38.5)
vs 7
(63.6)

66 (10)
vs 68
©)

61 (6.3)
vs 58.5
(8.2)

L, 11, ITa
NSCLC

IIIa, IIIb,
v
NSCLC

Post-resection 6-10
weeks or post-
chemotherapy 4-8
weeks, 60 min/times,
three times/week, 8
weeks

‘Warm-up: no report
HIIT: 20 min walking
70/80% 6MWT speed or
10 min cycling 80%
WRpeak

Resistance training: 3
10 upper limb training
Cool down: no report

During targeted therapy,
30-40 min, three times/
week, 8 weeks
Warm-up: 10 min
running or cycling
HIIT: treadmill or
cycling ergometer 80%
VOspear/RPE 15-17 and
60% VOjpear active
recovery, total 25 min
Cool down: 5 min

Usual care

Usual care

VOzpeato
6MWT, AT

VOspesto RER

SF-36, FACT-L, EORTC
QLQ-C30, muscle
strength, respiratory
function (spirometry)

EORTC QLQ-C30

Messaggi-
Sartor
(2019)

Spain

37 (16 vs 21)

8 (50)
vs 18
(85.7)

64.2
(8.1) vs
64.8
(8.9)

Torll
NSCLC

Post-operative, 1 h/time,
three times/week, 8
weeks

‘Warm-up: 5 min

HIIT: IEMT (5 * 10
breathing) 50%PImax/
PEmax (15 min)
Aerobic training: cycling
60% Wpear (30 min)
Resistance training:
bicep curl, chest, and
shoulder press

Cool down: 5 min

Post-
operative
standard care

VOspeak

Respiratory muscle
strength, IGF-I, IGFBP-3,
EORTC QLQ-C30, lung
cancer recurrence, death
Length of hospitalization

Quist Denmark

(2020)
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218

No
report

>18

1Ib-1vV
NSCLC
and
SCLC ED

During chemotherapy,
90 min/times, two times/
week, 12 weeks
‘Warm-up: 10 min 60%-—
90% HR ax cycling
Strength training: 3 * 5-
8 70%-90% 1RM upper
and lower training
HIIT: interval training
on stationary bikes,
85%-95% HR 0, 10-15
min

65

Usual care

VOspeak

Muscle strength (IRM),
6MWT, FEV,, HADS,
FACT-L

(Continued)
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TABLE 1 Continued

Study Country Patients, Male = Age, TNM Intervention Control Primary Secondary

total n sexn years cancer outcomes outcomes
(%) stage

Cool down: 20-30 min
stretching and
progressive relaxation

NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; MVV, maximal voluntary ventilation; 6SMW'T, six-minute walk test;
SAS, Self-rating Anxiety Scale; FoP-Q-SF, Fear of Progression Questionnaire-Short Form; SF-36, the 36-Item Short Form Health Survey; TNF-o, Tumor necrosis factor-o; CRP, C-reactive protein; OS,
Overall survival; DLCO, carbon monoxide diffusing capacity; WRpeai, peak work rate; VO pea, peak oxygen uptake; AT, anaerobic threshold; HR .y, maximal heart rate; VO,/HR, oxygen pulse;
VE a0 maximal minute ventilation; Tlco, carbon monoxide transfer factor; RM, repetition maximum; FACT-L, Functional Assessment of Cancer Therapy-Lung; HADS, the Hospital Anxiety and
Depression Scale; EORTC QLQ-C30, The European Organization for Research and Treatment of Cancer, Quality of Life Questionnaire Core 30; RER, respiratory exchange rate; IGF-1, levels of serum
insulin growth factor I; IGFBP-3, IGF binding protein 3; HIIT, high-intensity interval training; IEMT, inspiratory and expiratory muscle training; iPPO, patient’s peak Max power; HR .y, maximal
heart rate; IEMT consisted of sets of repetitions followed by 1-2 min of unloaded recovery breathing (off the device), twice a day, 3 days per week, for 8 weeks; PImax, maximal inspiratory pressure;

PEmax, maximal expiratory pressure; Wpeq peak workload.

Cavalheri 2017

Edvardsen 2015

Egegaard 2019

~ | @ | @ | @ |Blinding of outcome assessment (detection bias)

Fang 2013

) . . . . Blinding of participants and personnel (performance hias)

-~

Gao 2022

Hwang 2012

Licker 2017

Liu 2017

Messaggi-Sartor 2019

Quist 2020

Wang 2020

~ QOO @ ~ OO O O ® @ @ rocatonconcealment (selection bias)

~ 90~ e
® OO 060 6 6 6 6| 6| O I mnomleteoutomedata (attrition bias)

~ 000 ~ e~

Wu 2015

® OO OO 6 60 0 6 0| 0,|sclectvereporting (reporting bias)

Q0O O G G G G M| O |randomsequencegeneration (selection bias)
® OO OO 66 66 0 0 O oternis

FIGURE 2
Risk of bias summary review authors’ judgments about each risk of bias item for each included study.

HIIT perioperatively were included (20-22). The results still ~ 3.3.2 Postoperative complications

support that HIIT benefits FEV1 among patients with lung cancer A total of 59 patients in five studies reported atelectasis events, and
compared with usual care (MD = 0.14; 95% CI = 0.08 to 0.20; P = the results showed that the HIIT intervention was beneficial to reduce
36%; P <0.0001) (Figure 4). postoperative atelectasis events in lung cancer patients compared with
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Experimental Mean Difference Mean Difference
Study or Subgrouy Mean _SD Total Mean SD Total Weight IV, Fixed, 95%Cl 1V, Fixed, 95% CI
Cavalheri 2017 17 25 6 133 21 8 148% 3.70(1.23,6.17)
Edvardsen 2015 233 55 30 19 6 31 108% 430[1.41,7.19) —_—
Egegaard 2019 187 28 8 238 66 5 % 510(11.20,100) ¥
Hwang 2012 168 41 13 163 46 10 69% 050(312,4.12) T
Licker 2017 211 833 74 191 537 77 179%  2.00(0.25,425] T
Messaggi-Sartor 2019 167 214 1M1 137 25 13 262% 3.00(1.14,4.86) -
Quist 2020 211 73 66 183 46 67 209%  280(0.72,488] - =
Total (95% CI) 208 211 100.0%  2:65[1.70,3.60] -
Heterogeneity: Ch" = 9.98, df= 6 (P = 0.13); F= 40%

Test for overall effect Z= 5.47 (P < 0.00001)

FIGURE 3

-2 2 4
Favours [control] Favours (experimental]

Meta-analysis of the effect of HIIT on VO,peax (MI/kg/min) among lung cancer patients.

Study o
Egegaard 2! 06 —
Fang 2013 123 015 22 104 013 22 il
Gao 2022 239 018 89 225 022 89 -
Liu2017 122 03 34 117 026 34 [
Quist 2020 226 072 66 218 06 67 0.080.15,0.31) ~
Total (95% CI) 219 217 100.0% 0.12[0.04, 0.20] L 4
Heterogeneity: Tau?= 0.00; Chi*= 8.09, df= 4 (P = 0.09); F=51% {‘ _045 055 1:
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Experimental Control Mean Difference Mean Difference
tal e ! e 9 IV, Random, 95% C|
Fang 2013 123 015 22 104 013 22 3389% 0.19[0.11,027) .
Gao 2022 239 018 89 225 022 83 491% 0.14(0.08,0.20) i
Liu2017 122 03 34 117 026 34 17.0% 0.05[-0.08,0.18) -
Total (95% CI) 145 145 100.0% 0.14[0.08, 0.20]
Heterogeneity. Tau? = 0.00; Ch#= 3.10, df= 2 (P = 0.21); F= 36% 5 o5 o5 7

Test for overall effect Z=4.55 (P < 0.00001)

FIGURE 4

Favours [experimental) Favours [control]

Meta-analysis of the effect of HIIT on FEV1 (L) and subgroup analysis among lung cancer patients.

usual care (RD = —0.16; 95% CI = —0.24 to —0.08; P =24%; P <0.0001)
(Figure 5). Five studies reported arrhythmia events among 50 patients.
There was no effect that HIIT had on postoperative arrhythmias in lung
cancer patients compared to usual care (RD = —0.05; 95% CI = -0.13 to
0.03; I’ = 40%; P = 0.22) (Figure 6).

3.3.3 Length of hospitalization
Five studies with 346 patients who reported length of
hospitalization were included in our meta-analysis. The results

showed no significant difference between the HIIT group and the
usual care group (MD = —1.64; 95% CI = —3.29 to 0.01; P = 0.05).
Heterogeneity was high (F = 77%) (Figure 7).

3.3.4 The six-minute walk test

In our study, five studies presented 393 patients’s 6MWT
performance. The results proved no difference between the HIIT group
and the usual group (MD = 19.77; 95% CI = —15.25 to 54.80; P = 0.27).
Heterogeneity was high (I = 76%) (Figure 8).

Experimental  Control Risk Difference Risk Difference.
Study or Subgroup _Events _Total Events Total Weight M.H,Fixed, 95% Cl M.H, Fixed, 95% CI
Licker 2017 FRRY] 28 77 459% -0.24(037,-0.11)
Fang 2013 4@ 2 722 134% -014(0.38,012) -1
Liu 2017 L] 430 19.4% -0.13(0.26,-0.00) —
Wu 2015 3 2 4 29 178% -0.031020,0.13] "
Egegaard 2019 0 8 0 5 37% 0004027027 i
Total (95% CI) 167 163 100.0% -0.16[-0.24,-0.08] L 4
Total events 18 43
Heterogeneity: Chi*= 5.28, df = 4 (P = 0.26); F= 24% 7

Testfor overall effect Z= 3.94 (P <0.0001)

FIGURE 5

Meta-analysis of the effect of HIIT on atelectasis among lung cancer patients.

E 05 05
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Experimental  Control Risk Difference Risk Difference
Study or Subgroup _Events _Total Events Total Weight M.H,Fixed, 95% Cl M.H, Fixed, 95% CI
Egegaard 2019 0 8 0 5 39% 0004027027 —
Fang 2013 5 2 8 22 140% -0.14[040,0.13] =
Wu 2015 5 2 8 22 140% -0.14[040,0.13 i
Liu2017 0 3 § 30 202% -0.17(031,-0.03) ——
Licker 2017 " 74 8 77 47.9% 0.04[006,0.15 -
Total (95% CI) 160 156 100.0% -0.05[-0.13,0.03] -
Total events 21 29
Heterogeneity: Chi*= 6.68, df= 4 (P = 0.15); F= 40% i

Testfor overall effect: Z=1.24 (P=022)

FIGURE 6

Meta-analysis of the effect of HIIT on arrhythmias among lung cancer patients.

Frontiers in Oncology

67

05 05
Favours [experimental] Favours [control]

frontiersin.org


https://doi.org/10.3389/fonc.2022.1029738
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Chen et al.

Experimental Control
Fang 2013 118 323 22 149 516 22
Licker 2017 10 30243 74 07051 4533 77
MessagghSartor 2019 69 17 16 91 &

Wang 2020 1354 224 28
Wu 2015 M1 2

1389 31 28
147 34 29

Total (95% CI) 169

6¢
Heterogeneity: Taw*= 2.63; Ch*= 17,69, df= 4 (P = 0.001); = 77%
Testfor overall efect Z= 1.94 (P = 0.05)

FIGURE 7

Meta-analysis of the effect of HIIT on length of hospitalization (days) among lung cancer patients
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Testfor overall effect Z= 1.1 (P=0.27)

FIGURE 8

Meta-analysis of the effect of HIIT on 6MWT (meters) among lung cancer patients.

4 Discussion

This study examines the functional and postoperative outcomes
of a high-intensity interval training intervention in lung cancer
patients. With regard to pulmonary function, our results showed
that both VOype.x and FEV1 improved with the application of HIIT
among lung cancer patients. With regard to postoperative outcomes,
the postoperative incidence of atelectasis was significantly reduced.
However, there is limited evidence that HIIT does not reduce
the incidence of arrhythmias. Due to the high heterogeneity of the
results, it is still unclear whether the length of hospitalization was
shortened, and the six-minute walk performance increased in lung
cancer patients.

Previous studies mentioned that VO,pe. played a key role in
predicting surgical outcomes and survival in NSCLC patients (30,
31). It has been reported that HIIT induces VO, enhancement
(32). A meta-analysis that included 305 lung cancer patients from
eight studies showed that VO,pe. was significantly increased by
HIIT compared to usual care (14). Another study demonstrated that
HIIT had a greater impact on VO,pcqi than usual care (15). The
same results were also observed in our meta-analysis. However, the
difference is that our study focused not only on lung function in lung
cancer patients after HIIT rehabilitation but also on postoperative
outcomes. Our results showed that HIIT could also effectively
improve FEVI1 and reduce the postoperative incidence of
atelectasis. Interestingly, our study showed that HIIT did not
reduce the incidence of arrhythmia, possibly due to postoperative
arrhythmia being associated with surgical inflammation, autonomic
nerve injury, and cardiac overload (33). More research is
still needed.

HIIT can effectively increase muscle metabolic capacity and
promote increases in muscle strength and hypertrophy, thus
improving lung respiratory function and mobility in lung cancer
patients (27, 28). A study demonstrated that HIIT may increase
skeletal muscle mitochondrial capacity, leading to improvements in
whole-body metabolic homeostasis by improving several classical
markers of mitochondrial biogenesis, including the maximal activity
of citrate synthase (CS) and cytochrome ¢ oxidase (COX) as well as
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the total protein content of CS and COX subunits II and IV (34).
Another study found that six sessions of HIIT expanded skeletal
muscle mitochondria, as assessed by cytochrome c oxidase activity
(35). In terms of exercise capacity, cancer-induced cachexia causes
muscle atrophy in cancer patients by inhibiting muscle protein
synthesis and enhancing muscle catabolism (36). In two rat models,
researchers found that HIIT could lead to muscle hypertrophy by
improving the IGF-I/Akt/FoxO and myostatin/Smad signal
transduction pathways (37), activating the mTOR pathway, altering
the expression of MuRF-1 and MAFbx proteins, and improving
autophagic flux (38).

The benefits of HIIT may be influenced by the timing of exercise.
Perioperative exercise training included preoperative exercise, acute
post-operative (in-hospital) exercise, and postoperative exercise (39).
It has been indicated that lung cancer patients who have undergone
resection can benefit from preoperative exercise, which includes the
improvement of both pulmonary function and exercise capacity, a
lower incidence rate of postoperative complications, a shorter length
of hospital stay, and a lower degree of dyspnea (40-42). Acute post-
operative exercise (in-hospital) involves sitting out of bed and walking
around the hospital ward, with the aim of discharge from the hospital
as soon as possible (43, 44). There is no consensus on whether acute
post-operative exercise improved post-operative physical activity
level, mobility, or lung function (45, 46). Cavalheri et al. found that
postoperative exercise enhanced exercise performance but not
HRQoL and FEV1 in patients with lung cancer (47). Interestingly, a
randomized controlled trial showed that early rehabilitation avoided a
temporary decline in HRQoL by comparing the effect of early
rehabilitation (14 days after surgery) with the late rehabilitation
group (14 weeks after surgery) (48). It can be inferred that
preoperative HIIT is more beneficial for patients with lung cancer
(10). However, there are few studies on preoperative HIIT, and
further prospective studies with large samples are needed to explore
the benefits of preoperative HIIT. Limited evidence has suggested that
exercise training enhances mobility and physical fitness in lung cancer
patients during chemotherapy (49). Larger randomized controlled
trials are warranted to prove the effect of combining exercise with
targeted therapy, chemotherapy, or radiotherapy.
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The exercise type of HIIT may also influence the rehabilitation
of lung cancer patients after surgery. Most studies included in this
meta-analysis used cycling as a type of high-intensity training. Only
one study used respiratory muscle training as a type of high-
intensity training (26). Laurent et al. (50) showed that lung
cancer patients who accepted resection surgery decreased
pulmonary postoperative complications by applying respiratory
muscle training. However, further studies are needed to
determine which exercise type HIIT is more favorable for
patients with lung cancer. Meanwhile, the stage, subtype, and
smoking habits of patients with lung cancer may also affect
postoperative rehabilitation and should be considered.
Considering safety and practicality, it is possibly harmful to
apply HIIT at all-out intensity for individuals with severe disease
(34). Low-volume HIIT is safer and has a similar improvement
effect as high-volume HIIT in improving individual
cardiopulmonary function (51). Low-volume HIIT is defined as
repetitions range from 1 to 10 times with an active interval time of
fewer than 15 min, whereas high-volume HIIT requires active
intervals and repetitions of more than 15 min and four times,
respectively (52). Seven studies included in our meta-analysis used
low-volume HIIT (20, 21, 23-26, 29). Therefore, we assume that
low-volume HIIT may be a safer way to treat patients with lung
cancer, and this needs to be confirmed. In this meta-analysis, three
included studies combined HIIT with resistance training (25, 27,
28), and one combined HIIT with aerobic training (24). It is still
unclear whether HIIT combined with other training will have a
larger effect on lung cancer patients than using HIIT solely.

5 Conclusion

In conclusion, HIIT improved pulmonary function and reduced
postoperative atelectasis in patients with lung cancer. However, the
incidence of postoperative arrhythmias was not decreased by HIIT.
Due to high heterogeneity, shortening the length of hospitalization
and enhanced exercise capacity in lung cancer patients after HIIT
intervention were not supported in this meta-analysis.

6 Future directions

As a timesaving, effective, and applicable rehabilitation method,
high-intensity interval training could open a new perspective for
treating lung cancer patients (14). However, the high-intensity
interval training protocol remains unclear. It is necessary to
determine the optimal types of exercise, the timing of using HIIT,
intensity, and interval time in the future. Although some studies have
obtained some results, future studies with large samples are still
needed. At the same time, the different stages, subtypes, types of
surgery, and smoking habits of lung cancer patients should be
considered in HIIT rehabilitation, which significantly affects
postoperative outcomes. Finally, the mechanism of HIIT for
improving cardiopulmonary function and its effect on postoperative
outcomes in patients with lung cancer should be more concentrated
on by researchers.
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7 Theoretical and practical implication

HIIT has great potential for clinical rehabilitation of patients with
lung cancer. Because of its ease of operation and low economic cost, it
can effectively improve the postoperative rehabilitation of lung cancer
patients and reduce their economic burden. In clinical practice,
clinicians and nurses can integrate HIIT into the treatment process
as a beneficial measure to improve the health status of lung cancer
patients. Personalized HIIT protocols should be developed based on
the different treatment methods and health status of lung
cancer patients.

8 Limitations

There are some limitations to our study, and further research is
needed. First, most of the literature included in our study is a small
sample, and the conclusions of these studies need to be treated with
caution. Second, lung cancer patients are mainly male, and there may
be differences between male and female patients. But we did not study
them separately in our study. Third, although the included kinds of
literature all adopted high-intensity interval training plans, the
intensity and interval time of high-intensity training were different,
which might affect the final results. Fourth, cycling was the main type
of exercise in most of the included studies, while walking was also
used. Bias can also be caused by different types of movement. Finally,
warm-up and rest are equally important in HIIT planning, and some
studies did not report warm-up and rest programs.
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Immune checkpoint inhibitors (ICls) are highly concerned in the treatment of non-
small cell lung cancer (NSCLC), represented by inhibitors of programmed death
protein 1 (PD-1) and its ligand (PD-L1), and inhibitors of cytotoxic T lymphocyte-
associated antigen-4 (CTLA-4). The introduction of immunotherapy in the treatment
of perioperative NSCLC has improved the prognosis to a great extent, as
demonstrated by several phase Il and Il clinical trials. The target population for
immunotherapy in early-stage NSCLC is still under discussion, and the biomarkers
for neoadjuvant immunotherapy population selection are the next pending problem.
The predictive efficacy of many potential makers is still being explored, including PD-
L1 expression levels, tumor mutation burden, circulating tumor DNA, components of
the tumor microenvironment, and several clinical factors. We summarize key findings
on the utility of ICls in clinical trials of preoperative NSCLC patients and conclude
analyses of relevant biomarkers to provide a better understanding of potentially
predictive biomarkers in neoadjuvant immunotherapy.

KEYWORDS

non-small cell lung cancer, neoadjuvant therapy, immune checkpoint inhibitors, PD-L1,
circulating tumor DNA, tumor mutation burden

1 Introduction

Lung cancer is the leading lethal cause of malignant tumors worldwide. In recent decades,
randomized trials worldwide have shown a 24-33% reduction in lung cancer mortality
through low-dose CT screening in high-risk populations (1, 2). Notably, over 30% of NSCLC
patients at diagnosis are considered resectable, including stage I-II and a selective portion of
IITA and IIIB (SEER database, Cancer statistics). For early-stage NSCLC, the best way to
optimize patients’ outcomes is radical resection together with proper maintenance treatment.
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Especially for patients with stage IIB and stage III tumors, who could
consider more than one treatment modality (surgery, radiation
therapy, or chemotherapy), a multidisciplinary evaluation is usually
recommended by The National Comprehensive Cancer Network
(NCCN) clinical guidelines, including thoracic surgeons, physicians,
radiation oncologists, and pathology oncologists. For patients who
undergo successful surgical resection, a significant proportion may
face difficult problems such as postoperative complications, local
recurrence, and distant metastases, which reduce the quality of life
and shorten survival after surgery. Therefore, for patients with stage
IB (with high-risk factors) to stage IIIB (operable evaluated by
surgeons) NSCLC, the primary issue is radical RO resection with
routine postoperative adjuvant therapy to reduce the probability
of postoperative recurrence and prolong disease-free survival
(DES) and overall survival time (OS). Neoadjuvant therapy has
shown its powerful ability to downstage and bring curative
surgical opportunities to patients with early-stage and locally
advanced NSCLC.

Chemotherapy has been the standard of care (SoC) in the
adjuvant and neoadjuvant settings in rsectable NSCLC for a long
period. Current data shows that neoadjuvant chemotherapy
improved the OS by around 5% in OS and time to recurrence in
patients with resectable NSCLC (3). The addition of radiation to
neoadjuvant chemotherapy did not seem to further improve the
survival benefit (4). Radiation gives help to control locoregional
disease, but the PFS extension fails to translate into a long-term
survival benefit (5-7). Therefore, New strategies aiming for a superior
outcome are under exploration.

‘ Primary tumor
® Micro-metastases
© [mmune cells

(N

FIGURE 1

Rationale of neoadjuvant immunotherapy. Neoadjuvant immune checkpoint inhibitors (ICBs) in NSCLC might provide higher benefits for non-small cell
lung cancer (NSCLC) patients due to the following points: before surgery, the primary tumor and distant micro-metastases providing a pleural of tumor-
specific neoantigens, with the intact immune system, the immune response could be of the greatest work, which could obliterate micro-metastases in
return. Also, better performance status before surgery could offer higher opportunities for patients to receive a full-dose systemic therapy with well

tolerance. ICB, immune checkpoint inhibitors; CT, chemotherapy.
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The rationale for immune neoadjuvant therapy could be
concluded as the following points (Figure 1): Firstly, the excellent
efficacy of immunotherapy in locally advanced and metastatic NSCLC
has been confirmed by several clinical trials, and both FDA and
NMPA have approved several PD-1/PD-L1/CTLA-4 inhibitors alone
or in combination for the first-line treatment of advanced driver-
negative NSCLG; secondly, pre-operation patients are more likely to
better tolerate full-dose systemic therapy with a better performance
status(PS) score and fewer complications. Another reason to support
immune neoadjuvant therapy is that preoperative patients harbor a
relatively high tumor burden and high neoantigen loads, besides, the
immune system remains intact so the application of immunotherapy
at this time can maximize the strength and activate the immune
system to kill tumor cells and obliterate distant micro-metastases (8).
This will provide the basis for tumor shrinkage, down-staging, and
more complete radical surgery, to obtain longer survival benefits.

Currently, trials on neoadjuvant immunotherapy for resectable
NSCLC patients are on the way. Combinations with chemotherapy
and radiation, treatment cycles, and pre-and post-operative
distribution, multiple issues are still under discussion. Despite the
superior efficacy of neoadjuvant immunotherapy compared to
standard chemotherapy, some patients do not benefit from the
treatment, progress during treatment, or relapse after surgery. Thus,
to monitor the dynamic of cancer disease, select optimized regimens
for different populations, and predict response to neoadjuvant
therapy, biomarkers involving tumor tissues and peripheral blood
are discussed. Here we review the updated data from clinical trials and
track the latest exploratory analysis on biomarkers, aiming to provide

surgery

ICBs + CT
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a better understanding of the routine use of biomarkers in
clinical settings.

2 Evaluations of neoadjuvant therapy

To better evaluate the effect of tumor treatment, response
evaluation criteria in solid tumors (RECIST) was proposed in 2000,
and further updated by RECIST version 1.1 (9), which mainly
evaluates the change of tumor size before and after treatment by
radiological features, thus disease remission, stability or progression
was judged. However, due to the limitations of the radiology
characteristics, it is not clear whether the changes in images are
disease progression or inflammatory response, and the effect of
treatment may be underestimated. Along with the development of
immunotherapy, immune response evaluation criteria in solid tumors
(iRECIST) (10) were proposed to better suit the situation, but all these
criteria were not quite fit in the neoadjuvant setting. Given the
uniqueness of neoadjuvant therapy, as the primary lesion can be
evaluated after surgical resection, pathological features can now be
used as one of the approaches to assess the efficacy of neoadjuvant
therapy for resectable NSCLC (11). The evaluation of pathological
responses consists of a complicated evaluation (11), mainly including
assessments of the percentages of (a) viable tumor, (b) necrosis, and
(c) stroma (including inflammation and fibrosis) with a total adding
up to 100%. It is now widely accepted that pathological response
could be a surrogate endpoint of survival in studies of neoadjuvant
therapy (12, 13). Previous studies have proved that major pathological
response (MPR) defined as no more than 10% viable tumor in
resected specimen could be a better predictor of overall survival
than overall response rate (14, 15). Pathological complete response
(pCR), is uniformly defined as no viable tumor cells after complete
evaluation of a resected lung cancer specimen including all sampled
regional lymph nodes, which is staged as ypTONO in the AJCC system
(8™ edition). Pathological complete response(pCR) is another good
measurement for efficacy, but due to its infrequency in the clinic,
MPR is more widely used in both clinical evaluation and as an
endpoint in clinical trials.

3 Clinical trials on neoadjuvant
immunotherapy in potentially
resectable NSCLC

3.1 Neoadjuvant immune monotherapy

MK3475-223 (16) is a Phase 1 study focused on the safety profile
of Pembrolizumab in stage I/II NSCLC, only 6 patients were enrolled
in this study, out of which 2 patients shown response. The overall
results indicated that pembrolizumab is well tolerated. Another two
phase 2 studies, TOP 1501 (17) and NEOMUN (18), further explored
the utility of pembrolizumab as a neoadjuvant treatment in different
settings of post-operative adjuvant study. Patients in TOP 1501 study
received 2 cycles of neoadjuvant pembrolizumab and 4 cycles of
adjuvant pembrolizumab with or without radiotherapy or
chemotherapy as adjuvant maintenance therapy; while NEOMUN
study required standard of care treatment as adjuvant therapy. All
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three studies suggested that pembrolizumab was safe and well
tolerated with a higher pathological response rate compared to
neoadjuvant chemotherapy, and not associated with excess surgical
morbidity. Checkmate-159 (19) is a prospective phase 2 study,
intended to evaluate the patients reached outcome and safety
profile using nivolumab for 2 cycles as neoadjuvant monotherapy,
followed by resection within 14 days. The outcome was encouraging,
with 45% of patients reached MPR, of which 15% reached pCR.
Though the population was relatively small (21 patients), it still
demonstrated the potential of immunotherapy in pre-operation
NSCLC patients. NEOSTAR study (20) enrolled 44 NSCLC
patients, and explored mono-nivolumab or combined with
ipilimumab followed by surgery. Thirty-nine out of 44 patients
underwent surgery, and the RO resection rate was 100%. No
significant difference in pathological and radiological responses was
observed between mono- and dual-immunotherapy. ChiCTR-OIC-
17013726 (21) is a phase 1b study that evaluated the safety and
outcome of sintilimab (a PD-1 inhibitor) in neoadjuvant setting. The
study enrolled 40 patients with resectable NSCLC (stage IA-IIIB),
including six patients with stage T3N2MO and two patients with
T4N2MO, all of whom received 2 cycles of sintilimab and 37 of whom
underwent resection. The MPR rate reached 40.5%, demonstrating a
reliable efficacy of neoadjuvant immune-monotherapy. So far, the
LCMCS3 study (22) recruited the largest population of patients with
IB-IITA(including selected IIIB)resectable NSCLC in the neoadjuvant
immunotherapy setting. Patients were given two doses of pre-surgery
atezolizumab and a post-operative atezolizumab as maintenance
therapy for up to 12 months. A total of 181 patients were enrolled,
159 underwent surgery, out of which 30(20.4%) reached MPR, 10
(6.8%) reached pCR. Clinical trials of mono-drug neoadjuvant
immunotherapy are summarized in Table 1.

3.2 Immunotherapy combinations

Immunotherapy combinations have shown better efficacy than
monotherapy in neoadjuvant settings (Table 2). TOP 1201
(NCT01820754) (23) was the first study that demonstrate the safety
and feasibility of neoadjuvant immunochemotherapy in resectable
NSCLC. In this study, 2 to 3 cycles of ipilimumab combined with
chemotherapy were used before surgery. Compared to historical data
on neoadjuvant chemotherapy, the postoperative morbidity rate was
not worse. NADIM study (24) confined the enrollment to stage IITAN2
NSCLC patients. It is the earliest study that evaluated the safety,
efficacy, and outcome of nivolumab combined with standard
chemotherapy in the neoadjuvant setting of NSCLC. The
combination of nivolumab and standard chemotherapy shown a high
radical surgery rate (41/46, 89%) and a relatively long survival (3-year
survival rate: 81.9%), confirming the feasibility of combined therapy in
locally advanced NSCLC. Further, NADIM II(NCT03838159) study
expanded the population to stage IITA and IIIB(T3N2) patients, with a
total count of 90 patients. Notably, the NADIM II study planned three
cycles of nivolumab plus platinum-based doublet chemotherapy before
surgery and postoperative maintenance immunotherapy using
nivolumab (480mg Q4W) for six months, which is quite different
from other adjuvant treatments (adjuvant immunotherapy for 1 year).
In 2022 WCLC (25), researchers updated the results of this trial. The
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TABLE 1 Clinical trials of neoadjuvant immunotherapy(mono-drug) in NSCLC.

10.3389/fonc.2022.1099304

Identifier Acronym phase design stage Number of Intervention Biomarkers
patients
NCT02938624 MK3475- 1 Single I-11 28 Pembrolizumab — Surgery MPR; NG
223 arm Toxicity
NCT03030131 = IONESCO 2 Single IB-IITA 46 Durvalumab — Surgery* RO resection NG
arm
NCT02818920  TOP 1501 2 Single IB-IITA 35 Pembrolizumab x2— Surgery — Surgical NG
arm Pembrolizumab x4 feasibility rate
NCT03197467  NEOMUN 2 Single II-ITTA 30 Pembrolizumab — Surgery Feasibility; NG
arm Safety;
Clinical
responses
Pathological
responses
NCT02259621 = CheckMate 2 Single I- 21 Nivolumab — Surgery Safety; PD-L1
159 arm selected Feasibility
II1B
NCT02927301 = LCMC3 2 Single IB-I1IB 180 Atezolizumab — Surgery — MPR TMB;
arm Atezolizumab WES
NCT03158129 =~ NEOSTAR 2 Parallel I-ITTA 44 Nivolumab, Q2Wx3— Surgery — MPR PD-LI;
SoC TIL quantification;
Blood, tissue, and stool-
based biomarkers
Nivolumab, Q2Wx3 + ipilimumab
x1 — Surgery — SoC
ChiCTR-OIC- / 1b Single TIA-1IIB 49 Sintilimab x2 — Surgery Safety; PET-CT SUVmax
17013726 arm Feasibility
NCT02994576 = PRICNEPS 2 Single TA-IITA 60 Atezolizumab — Surgery Toxicity NG
arm (No N2)

* 27 patients received adjuvant therapy (chemotherapy or chemotherapy plus radiotherapy).

NSCLC, Non-small cell lung cancer; SoC, standard of care; NG, not given; MPR, major pathological response; TIL, tumor infiltrating lymphocytes.

surgery outcome favored the immunochemotherapy neoadjuvant
strategy, with a RO resection percentage of 92.5% in the combination
group compared to that of chemotherapy group (65%). Also, the
downstaging was markable in combination group, nearly 70% (37/
53) patients reached a successful downstaging in combination group,
where the number is 40% (8/20) in the chemo-group. The intention to
treat population for nivo + chemo arm is 56 patients, out of which 21
reached pathological complete remission (pCR, 37.5%). Compared to
that of chemo-group (2/28, 7.1%), the pCR rate is significantly higher
while also comparable to the previous studies. Subgroup analysis
suggested that PD-LI-positive patients and patients reached pCR
shall benefit most from the immunochemotherapy neoadjuvant
strategy. It is noteworthy that NADIM II study is the first trial that
presented OS benefit in resectable stage IIIA-IIIB NSCLC patients.
Several studies explored a new PD-1 inhibitor (Toripalimab) combined
with chemotherapy as neoadjuvant therapy in stage IIB-IIIC NSCLC
patients. In Renaissance Study (26) and ChiCTR1900024014 (27),
patients that underwent surgical procedures reached a 100% RO
resection. The MPR and pCR rate was consistent with previous
studies, ranging from 40.9% to 62.5% and 18% to 45%, respectively.
Another study conducted in China neoSCORE (28) compared the
possible difference between two cycles and three cycles of neoadjuvant
immunochemotherapy. As the result suggested, there was a numerical
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but not statistical difference between the two arms, three cycles of
neoadjuvant sintilimab plus doublet-chemotherapy shown a better
MPR rate numerically. Also, the higher MPR rate benefit was shown
in squamous NSCLC than in non-squamous NSCLC(p=0.003),
consistent with a former study reported in 2020 by Shu CA. et al.
(29), possibly because of a higher tumor necrosis rate in squamous
cancer as observed in neoadjuvant chemotherapy cohorts (30).
Checkmate 816 is the first and only phase III study of neoadjuvant
immunochemotherapy in early-stage NSCLC presenting the primary
results so far. The trial included 358 patients with resectable NSCLC
newly diagnosed as IB-IIIA stage with no known sensitive mutations of
EGEFR or ALK. Participants were randomly assigned to receive 3 cycles of
nivolumab(360mg) plus platinum-based doublet chemotherapy once
every three weeks, or chemotherapy alone. In the first analysis, the
PCR Dbenefits of adding nivolumab to chemotherapy were attained
regardless of the patient’s age or gender, disease stage, histology, PD-L1
expression, and tumor mutation burden. In the further analysis of the
other primary endpoint (31), event-free survival (EFS, defined as the
length of time from randomization to any disease progression precluding
surgery, disease progression or recurrence after surgery, or death due to
any cause), the superior efficacy of combined therapy was proved again.
The median EFS of combined therapy reached 31.6 months (95%CI,
30.2-NR), which reflected a 10.8 months longer event-free survival as
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TABLE 2 Clinical trials of neoadjuvant immunotherapy (combined therapy) in NSCLC.

Identifier Acronym  phase design stage Number Intervention 1 End Point Biomarkers
of
patients
NCT01820754 = TOP 1201 2 Single IB- 24 CT x1 + (Ipilimumab + CT) x2 — Percentage of Subjects with NG
IPI arm 1IA Surgery Detectable Circulating T
Cells After Treatment
NCT03794544 = NeoCOAST 2 Single 1 27 Durva x1 — Surgery MPR rate PD-LL;
arm (>2cm) tumor and
-IITA microbiome
biomarkers;
blood mRNA
signatures
NCT05061550  NeoCOAST- 2 Parallel II-IITA 140 Durvalumab + CT x4+ Oleclumab pCR; PD-L1;
2 — Surgery — Durvalumab + Safety ctDNA
Oleclumab dynamics;
immunogenicity
Durvalumab + CT + Monalizumab
— Surgery — Durvalumab +
Monalizumab
NCT03081689 NADIM 2 Single IITA 46 Nivolumab + CT, Q3W x3 — 24-month PFS PD-L1;
arm (N2) Surgery — Nivolumab (240mg, TMB;
Q2Wx4m; 480mg, Q4Wx8m) peripheral
blood immune
status;
ctDNA
NCT03838159  NADIM II 2 Parallel 1A/ 90 Nivolumab + CT, Q3W x3 — pCR ctDNA
111B Surgery — Nivolumab (480mg,
Q4Wx6m)
CT, Q3W x3 — Surgery
NCT04606303 = Renaissance 2 Single 1IB- 53 Toripalimab + CT, Q3W x2-4 — MPR; NG
arm I111B Surgery pCR
NCT04144608 TOGATHER 2 Single IIIA- 40 Toripalimab + CT, Q3W x2-4 — RO resection rate IHG;
arm 111B Surgery — Toripalimab + CT, Q3W RNA-seq;
%2, Toripalimab Q3W x13 ‘WES;
TCR-seq
NCT04304248 NeoTAPO1 2 Single IIIA- 33 Toripalimab + CT, Q3W x3 — MPR PD-L1
arm 1I1B Surgery
(T3-
4N2)
NCT04459611 = neoSCORE 2 Parallel IB- 60 Sintilimab + CT x2 — Surgery — MPR rate NG
1IIA CT x2 + Sintilimab(up to 1 year)
Sintilimab + CT x3 — Surgery —
CT x1 + Sintilimab(up to 1 year)

NSCLC, Non-small cell lung cancer; CT, chemotherapy; NG, not given; pCR, pathological complete response; MPR, major pathological response; EFS, event free survival; THC,
Immunohistochemistry; WES, Whole Exome Sequencing; TCR-seq, T-cell receptor sequencing; ctDNA, circulating tumor DNA; TMB, tumor mutation burden.

compared to the chemotherapy arm (20.8, 95%CI, 14.0-26.7; HR 0.63,
97.38%CI 0.43-0.91). What's more, the benefit of pCR was seen in all
patients without regard to PD-L1 expression levels, and a significantly
prolonged EFS was noticed in the PD-L1>1% subgroup (HR 0.41, 95%CI
0.24-0.70), especially in PD-L1 >50% subgroup (HR 0.24, 95%CI 0.10-
0.61). Significant improvement in EFS and pCR supports NIVO+
chemotherapy as a potential new treatment option for patients with
resectable non-small cell lung cancer. According to the excellent results of
Checkmate-816, nivolumab plus doublet chemotherapy has now been
approved by FDA as a neoadjuvant treatment choice for resectable
NSCLC in March 2022. This is so far the first neoadjuvant
immunochemotherapy regimen approved by FDA.

Frontiers in Oncology

In AACR 2022, Cascone, T, et al. reported results from the phase
2, randomized multidrug platform study of neoadjuvant durvalumab
alone or combined with novel agents in patients with resectable
NSCLC(NeoCOAST) (32). Patients with stage I-IITA NSCLC were
given durvalumab alone or combined with the anti-CD73 mAb
oleclumab, the anti-NKG2A mAb monalizumab, or the anti-STAT3
antisense oligonucleotide danvatirsen as neoadjuvant therapy for one
cycle followed by surgery. The combination has shown improvement
in both MPR and pCR rates compared to durvalumab monotherapy
with no new safety signals. Another study, NeoCOAST-2 (33), is an
open-label, randomized parallel phase 2 study comparing four doses
of neoadjuvant durvalumab combined with CT and either oleclumab
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or monalizumab, followed by surgery and twelve doses of adjuvant
durvalumab plus oleclumab or monalizumab, in patients with
resectable, Stage ITA-IITA NSCLC. These data warrant further
investigation in resectable NSCLC.

Apart from the Checkmate-816 study mentioned above, there
are more phase 3 studies ongoing currently (Table 3). The
AEGEAN study (34) aimed to evaluate the efficacy and
tolerability of Durvalumab plus standard chemotherapy for up to
4 cycles as preoperative treatment in resectable Stage IIA to select
(N2) IIIB NSCLC. Study enrollment began in December 2018, with
primary completion anticipated in April 2024. KEYNOTE-671
(NCT03425643) (35) is an international randomized, double-
blind, placebo-controlled phase 3 study that evaluates standard
neoadjuvant chemotherapy with perioperative pembrolizumab or
placebo in early-stage NSCLC. An estimated 786 patients will be
enrolled. IMpower030(NCT03456063) (36) is a Phase 3, double-

10.3389/fonc.2022.1099304

blind, randomized study, 374 resectable stage II - select IIIB
(T3N2) NSCLC patients will be enrolled, randomized to either 4
cycles of neoadjuvant atezolizumab (1200 mg Q3W, Arm A) or
placebo (Arm B) in combination with an platinum-based
chemotherapy regimen. Patients in Arm A will receive adjuvant
atezolizumab treatment for up to 16 cycles, and patients in Arm B
will receive best supportive care. RATIONALE-315 (37) is a dual-
primary endpoint phase 3 study, evaluating the efficacy of
neoadjuvant tislelizumab or placebo + platinum-based doublet
chemotherapy for 3-4 cycles followed by adjuvant tislelizumab or
placebo for up to 8 cycles. Results from these trials and more
ongoing trials are anticipated for a better understanding of the
efficacy and safety of immunotherapy in the neoadjuvant setting of
NSCLC. Also, long-term follow-up data could provide more
information on the selection of immune checkpoint inhibitors
and the most beneficial population.

TABLE 3 Clinical trials of neoadjuvant immunotherapy (phase Il randomized clinical trials) in NSCLC.

Identifier Acronym  stage Number of Driver Intervention 1end  biomarkers
patients gene point
NCT02998528 = CheckMate- IB-IITA 358 EGFR/ Nivolumab+ CT, Q3W — Surgery* pCR(24%); = ctDNA
816 ALK WT EFS clearance
(31.6m)
CT, Q3W — Surgery* pCR
(2.2%);
EFS
(20.8m)
NCT03425643  KEYNOTE- 1I-111B 786 EGFR/ Pembrolizumab + CT — Surgery — Pembrolizumab EFS;
671 (T3- ALK WT oS
4N2)
CT — Surgery — Placebo
NCT03456063 = IMpower-030 II-11IB 374 EGFR/ Atezolizumab + CT, Q3Wx4— Surgery — Atezolizumab = MPR — NG
(T3N2) ALK WT Q3W for up to 16 cycles EFS
CT, Q3Wx4 — Surgery — Supportive care
NCT03800134  AEGEAN TIA- 816 EGFR/ Durvalumab + CT, Q3Wx3-4 — Surgery — pCR; NG
IIIA ALK WT Durvalumab, Q4Wx12 EFS
(T3N2)
CT Q3Wx3-4 — Surgery — Placebo
NCT04379635  RATIONALE-  II-IIIA 380 EGFR/ Tislelizumab + CT, Q3Wx3-4— Surgery —Tislelizumab, MPR; NG
315 ALK WT Q6Wx8 EFS
CT, Q3Wx3-4 — Surgery — Placebo
NCT04025879  CheckMate 11-111B 452 EGFR/ Nivolumab + CT — Surgery — Nivolumab EFS NG
77T ALK WT
CT — Surgery — Placebo
NCT04158440 / 1I-111B 406 EGFR/ Toripalimab + CT, Q3W x4 — Surgery — Toripalimab MPR; PD-L1;
(N2) ALK WT + CT, Q3W x13 EFS TMB;
WES;
ctDNA
dynamics
CT, Q3W x4 — Surgery — Placebo Q3W x13

*: followed by optional adjuvant chemotherapy with or without radiotherapy,
NSCLC, Non-small cell lung cancer; CT, chemotherapy; SoC, standard of care; NG, not given; pCR, pathological complete response; MPR, major pathological response; EFS, event free survival; EGFR,
epidermal growth factor receptor; ALK, anaplastic lymphoma kinase; WES, Whole Exome Sequencing; ctDNA, circulating tumor DNA; TMB, tumor mutation burden.
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4 Potential predictive factors of
neoadjuvant immunotherapy

4.1 PD-L1

PD-L1 is a co-regulatory molecule expressed on tumor cells that
inhibits T-cell-mediated cell death. T cells express the negative
regulator PD-1, which binds to ligands including PD-L1 (CD274)
or PD-L2 (CD273). In the presence of PD-L1, T-cell activity is
suppressed. The antibody inhibited the interaction between PD-1
and PD-L1, thus improving the anti-tumor activity of endogenous T
cells. PD-L1 expression is an FDA-approved biomarker for predicting
the efficacy of immunotherapy in advanced NSCLC. Several trials
have found that high expression of PD-L1 indicates a longer existence
in advanced NSCLC (38, 39). Whether PD-L1 status could be a
predictive factor of neoadjuvant immunotherapy in NSCLC is still
under discussion. Studies reported different results on this issue. In
the study NEOSTAR (20), researchers came up with a conclusion that
higher pretreatment PD-L1 level is associated with both radiological
and pathologic antitumor activity. Higher pre-treatment tumor cell
PD-L1 expression evaluated by immunohistochemistry (IHC) was
associated with greater pathological responses and fewer residual
tumor cells after treatment. However, it is of note that the
pathological responses were also observed in PD-L1 negative
patients, and the association was not found between post-therapy
tumor PD-L1 expression and responses; thus this is still of doubt
whether it could be a proper predictor. Checkmate-159 (15) indicated
that major pathological response rate was not related to the PD-L1
expression level at diagnosis. Similar results were observed by Shu,
CA. etal. (29), as PD-L1 expression did not appear to be predictive of
a treatment benefit in neoadjuvant immunochemotherapy.

4.2 Tumor mutation burden

Tumor mutation burden refers to the number of somatic
mutations per megabase of interrogated genomic sequence in
tumor cells, which varies among malignancies. In metastatic
NSCLC, the value of TMB as a predictive molecular marker is
controversial (40). Theoretically, higher tumor mutation burden is
an implication of higher neoantigens which could activate greater
anti-tumor immune response (41), thus trigger a better response to
immunotherapy. Some studies observed that patients with a high
burden of tumor mutations (TMB-High) might respond better to
immunotherapy treatments (42, 43), while in other scenarios the
predictive value is doubted. Likewise, it is also under discussion
whether TMB could be a predictor in the neoadjuvant setting for
immunotherapy. In Checkmate-159 (15), of 20 patients who
underwent surgical resection, 12 had provided pre-operative tissue
for WES sequencing, and 11 underwent complete resections which
are sufficient for evaluation. A higher mutation burden detected by
whole-exome sequencing was found to be associated with MPR, and
the residual tumor rate was found to be inversely related to the
sequence alterations. However, this relation was not observed in other
studies with more patients (LCMC3, Checkmate 816) (44).
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4.3 Circulating tumor DNA

Circulating tumor DNA (ctDNA) proved to be a useful predictive
biomarker of recurrence and outcome in the advanced NSCLC (45).
In trials, researchers found that early clearance of ctDNA was
predictive of a better response to treatment and a longer survival
time in metastatic non-small cell lung cancer. As recommended by
ESMO (46), different clinical scenarios may require different testing
strategies. For example, driver-gene testing is required for disease
diagnosis, minimal residual disease (MRD) testing after radical
resection requires screening for patient-specific alterations,
monitoring of patient-specific alterations also helps to identify early
recurrence, and more extensive genetic analysis and genome-wide
analysis is required at the stage of disease progression to identify
mechanisms of drug resistance and select appropriate targeted agents.

In the neoadjuvant setting, the power of ctDNA as a biomarker of
immunotherapy is explored in many studies. Current supporting
proof comes from Checkmate-816, a phase 3 prospective study that
assesses the efficacy of the nivo + chemo regimen in stage IIA-IIIB
patients. As it is reported on 2021 ASCO data from the CheckMate-
816 trial, investigators collected a portion of blood from the
Nivolumab combination chemotherapy group and the
chemotherapy group for 3 courses of ctDNA testing. The results
shown that the ctDNA clearance rates were 56% and 34% in the
Nivolumab combination and chemotherapy groups, respectively. The
investigators further conducted a post-screening study on whether
ctDNA was cleared and found that in the ctDNA clearance group, the
PCR rates were 46% and 13% in the nivolumab combination and
chemotherapy groups, respectively, which were significantly higher
than the pCR rates of 24% and 2.2% in the unscreened group. The
results of this study again suggest that ctDNA clearance rates are
highly correlated with pCR and can be used for efficacy prediction of
neoadjuvant immunotherapy efficacy. In the NADIM trial (47), lower
pretreatment ctDNA levels were associated with improved PFS and
OS, while undetectable ctDNA after neoadjuvant therapy was
associated with better PFS and OS. Similar results were also found
in NADIM II study (48). Another proof was reported by the LCMC3
study (49), indicating that ctDNA could be a predictor of better
pathologic response and longer survival. After immunotherapy,
greater ctDNA reduction was seen in patients with MPR than those
with non-MPR (median log2 fold change —4.8 vs 0.3, P<0.001). Also,
post-immunotherapy reduced ctDNA levels were associated with
pathologic response (P<0.001, r=0.38) and regression in
radiographic tumor size (P<0.001, r=0.42). What’s more, patients
that are ctDNA negative after surgery represented a higher 2-year
DEFS rate compared to those that are ctDNA positive (75% and 40%,
respectively; HR, 3.6; 95% CI: 1.0, 13.1; P=0.054). The inclusion of
ctDNA assessment in clinical trials may help identify patients who
may be cured with surgery and short-term perioperative treatment,
thus avoiding expensive and potentially toxic adjuvant therapy.

4.4 Tumor environment components

Multiple components in the tumor microenvironment (TME)
surround the tumor cells (50). Differential of the components of the
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TME might give rise to the proliferation of tumor cells or suppress the
growth and metastases of the primary tumor. Cytotoxic immune cells
recognize tumor cell antigen and kill the tumor cells; macrophages
also give hand to this process. However, tumor cells could manipulate
suppressive immune cells in the microenvironment to escape from
immune surveillance and even transfer it to a tumor-genic
environment. With neoadjuvant therapy, doctors are able to
analyze the surgery specimen, where changes in TME could be
spotted, and some of the dynamics might be associated with tumor
regression and patients’ survival.

Three subgroups from the NADIM study were explored for the
potential relation between Peripheral Blood Mononuclear Cells
(PBMCs) phenotype and the effect of neo-adjuvant chemo-
immunotherapy treatment, especially with the degree of pathological
response (51). 41 patients were enrolled in this analysis. The activation
of CD4 T cells and NK cells and the expression of PD-1 receptor on
immune cells were downregulated. A higher decrease in Platelet/
Lymphocyte Ratio (PLR) post-neo-adjuvant treatment, a decrease of
PD-1 expression in CD4, CD8, and NK cells, as well as a reduction of
CD4 T cells and NK cells activation after neoadjuvant treatment, are
associated with pCR. In LCMC3 (52), lower frequencies of ILT2" NK
cells and ILT2" NK-like T cells in pretreatment peripheral blood were
significantly associated with MPR. Immune profiling by flow cytometry
has revealed changes after dual-agent ICI treatment in NEOSTAR
study (20). Compared to nivolumab mono-agent arm, frequencies of
tumor-infiltrating lymphocytes (TILs), tissue-resident memory (Tgry)
T cells, CD103" effector Tgy, cells, and CD27 CD28" effector memory T
cells in resected tumors were higher in dual-agent arm, indicating an
enhanced T-cell infiltration. But the changes in TILs were not
associated with the extent of pathological response.

T cell receptor (TCRs) clonality has been reported to be associated
with acquired resistance to ICIs (53); greater TCR intratumor
heterogeneity is associated with an elevated risk of recurrence after
surgical procedure (54). In the advanced/metastatic NSCLC patients,
studies have found that increased PD-1+ CD8+ TCR clonality after
ICI treatment had longer PFS (7.3 months vs. 2.6 months, HR, 0.26;
95% CI, 0.08-0.86; P = 0.002) than those with decreased clonality (55).
In the NEOSTAR study, peripheral and tumor TCR clonality was not
associated with pathological tumor responses (20), though only one
case of MPR was viable for analysis. In Checkmate-159, researchers
examined the influence of treatment on T cell clone repertoire in the
tumor and peripheral blood at the time of resection (56). Decreased
residual tumor rate as well as MPR was associated with higher
intratumoral TCR clonality. Further analysis suggests that
peripheral T cells might serve as an originating compartment of
effective antitumor immunity, and the exchange of T-cell clones
between tumor and periphery might play a key role in pathological
regression. Another cohort which enrolled 236 patients, suggested
that higher TCR repertoire homology between the tumor and
uninvolved tumor-adjacent lung indicated an inferior survival due
to less tumor-specific T cell effect (57).

4.5 Clinical factors

The pivotal approach to measure tumor responses is radiology
assessment in non-invasive evaluation methods. As aforementioned,

Frontiers in Oncology

79

10.3389/fonc.2022.1099304

criteria including RECIST, RECIST versionl.l, and iRECIST are
widely used as a uniform assessment. For most clinical trials
ongoing, RECIST was used to assess imaging responses. In the
NEOSTAR study (20), within patients who achieved MPR, the ratio
of partial response (PR) plus complete response (CR) assessed by
imaging according to RECIST was 60% in the dual-agent group. In
NeoTAPO1, RECIST radiological regression was not associated with
pathological response. Reduction in SUVmax from baseline to post-
neoadjuvant in 8E_FDG PET-CT (58) has a significant relation with
pathological tumor response. Due to the special effect of
immunotherapy, the radiological response is not identical to that in
chemotherapy (59). Studies have revealed that regression bed
composed by immune-mediated tumor clearance presenting on
radiology imaging after neoadjuvant immunotherapy could
accounts for the discrepancy of tumor cells between CT-scan image
and pathological assessment (59), thus the RECIST criteria are not
always accurate in the evaluation of tumor responses, particularly in
neoadjuvant immunotherapy. Currently, it is widely accepted that
pathological response is more associated with survival than the
radiological response in the neoadjuvant immunotherapy regimen.

Another interesting factor that might predict the outcome of
neoadjuvant immune-combined therapy is immune-related adverse
events (irAEs). In 2022 WCLC (60), an updated Renaissance trial
reported the interesting relation between irAEs and outcome of
neoadjuvant Toripalimab combined with platinum-based doublet
chemotherapy. Five patients experienced grade 2-3 adverse event,
out of which 3 patients underwent resection reached pCR with an
interval of 8 weeks between surgery and the last dose of neoadjuvant
immunochemotherapy, and the other two patients were not suitable
for surgery or in the interval also reached clinical complete response
or partial response. No extra surgery difficulties nor delays were
spotted in these patients.

An ongoing trial initiated by researchers from Peking Union
Medical College Hospital focused on the safety and potential
biomarkers of Durvalumab in combination with albumin-paclitaxel
plus cisplatin/carboplatin for stage IB-ITTA non-small cell lung cancer
(NCT04646837). Whole exome sequencing (WES) and NanoString
platform-based GEP (gene expression profiling) were implemented to
find potential biomarkers. Another to investigate the impact of
neoadjuvant immunotherapy on the tumor microenvironment at
multiple levels, including genome, transcriptome, PD-1/PD-L1
protein transcription and expression, T cell TCR immunome
library, and T cell subpopulation, aiming to provide comprehensive
exploratory research evidence on immune mechanisms of
neoadjuvant anti-PD-1/L1 therapy in lung cancer.

5 Discussion

Neoadjuvant therapy aims at improving the outcome of early-
stage and locally advanced NSCLC. The utility of molecular markers
in predicting efficacy has not been uniformly agreed upon, thus it is
not necessary to select drugs based on molecular testing (61). A recent
retrospective study claimed that the dynamics of circulating tumor
DNA, defined as relative delta mean variant allele fraction, predicts
neoadjuvant immunotherapy efficacy and recurrence-free survival in
surgical non-small cell lung cancer patients, as ctDNA dynamics are
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concordant with pathologic response, demonstrating 100% sensitivity
(62). The circulating tumor DNA recurrence preceded radiographic
relapse, with a median time of 6.83 months (62). Studies have
supported that patient without minimal residue disease (MRD)
after surgery have a much lower risk of recurrence, thus suggesting
that MRD might be promising to contribute to the refinement of
individualized adjuvant therapy and consolidation treatment (63). As
it is reported by Zhang, et al. (64), the negative predictive value of
longitudinal molecular residual disease is 96.8%, with only 6 patients
reoccurred (3.2%). The findings suggested that MRD negative
patients might not benefit from the adjuvant study, and
longitudinal MRD negative populations are highly possible to be
“cured” as indicated by long-term disease-free survival. Another
prospective multicenter cohort study, LIBERTI, intending to
evaluate the possible association between presence of circulating
tumor DNA and the disease-free survival in completely resected
phase II-IIT NSCLC, is now ongoing (65). Further evidence from
prospective randomized clinical trials might help better illustrate the
utility of ctDNA as a biomarker in NSCLC.

Till now, there has not been a unanimous biomarker for
predicting outcomes of neoadjuvant immunotherapy. As a
promising predictive biomarker in advanced NSCLC, PD-L1
expression and tumor mutation burden has been considered as
highly potential biomarkers in the neoadjuvant setting predicting
the outcome of neo-ICI therapy. However, results vary from different
trials (15, 20, 29), no solid evidence till now support the predictive
efficacy of these two factors. A recent meta-analysis indicated that
PD-L1 expression and TMB could be predictive factors for
pathological response (66), with higher expression of PD-L1 (21%
vs <1%) correlated with higher MPR rate and pCR rate (OR = 2.62, P
= 0.0006; OR = 2.94, P <0.0001, respectively). Previous studies have
reported that PD-LI status defining through three IHC scoring
systems (Ventana SP263, Dako 22C3, and Dako 28-8) are highly
agreeable with each other (67, 68), and the positive relation between
higher PD-L1 expression and better MPR/pCR rate suggesting PD-L1
to be a potential stable predictive factor in neoadjuvant setting for
clinical practice. Due to lack of clinical evidence and the technical
problems in measuring TMB, it is removed from the recommended
panel for metastatic NSCLC in the NCCN guideline (69). The
predictive efficacy of TMB is also doubted in neoadjuvant setting
with no more evidence than the Checkmate-159 study (15), in which
a higher mean mutational burden number was suspected through
sequencing in MPR population than in non-MPR population (311 +
55 vs. 74 £ 60, P = 0.01). The utility of TMB as an ideal sole biomarker
remains in doubt until more supportive evidence accumulated.

Novel technologies have given us more approaches to study the
environment of tumor environments deeper. Studies revealed other
molecular markers that could be predictive of the efficacy of
immunotherapy in advanced NSCLC. For example, detected
through next-generation sequencing, the apolipoprotein B mRNA-
editing enzyme catalytic polypeptide-like, also known as APOBEC,
has been reported to predict the efficacy of immunotherapy (70), not
only in NSCLC but also in pan-cancer analysis (71). Previous study
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(72) found that APOBEC signature in metastatic NSCLC is strongly
associated with better immune responses, in terms of ORR and PFS.
Tumor bulk RNA sequencing in NADIM trial recently revealed that
certain tumor environmental gene expression could predict pCR with
the AUC >0.9 (73). With innovational technique implying in this
area, novel markers including mutational signature (74, 75), intestinal
microbiota (76), radiomics (77, 78) are now under analysis in
neoadjuvant setting of NSCLC, with the hope to provide us with a
deeper understanding of the tumor environment and evolution. These
new markers might perform well when combined with existing
markers (TMB, PD-L1, Tumor neoantigen burden, etc.) or even
reveal a better performance in predicting efficacy of ICIs in
near future.

Pathologists’ interpretation directly affects the interpretation
accuracy of pathological response evaluation (79, 80). Consistent
regulation of pathological interpretation of pathological response is
essential in practice, and evaluations must be performed by
experienced pathologists with adequate knowledge of pathological
characteristics in post-immunotherapy specimens. As the
pathological response to immune checkpoint inhibitors alters from
that to chemotherapy, standardization of pathologic evaluation and
reports on post-neoadjuvant specimens will give rise to an agreement
amongst the pathologists, which will be key in accurately predicting
outcomes for individual patients and facilitating comparisons in
clinical practice (59). Another question on whether MPR rate or
pCR rate could be translated into survival benefits is still under
discussion, long-term follow-up of clinical trials and prospective real-
world studies might give us more evidence on this issue. Currently,
different designs of trials added difficulties to the direct comparison of
results. So far, there is no agreement on adjuvant therapy after
neoadjuvant immunotherapy, thus the designs vary among studies.
Another factor that should be considered is the possible use of
radiotherapy in the locally advanced NSCLC. The establishment of
radiotherapy in the adjuvant setting of locally advanced NSCLC is still
under discussion, but there is no doubt that radiation therapy should
be discussed by a multidisciplinary team for the proper treatment of
locally advanced patients.

6 Conclusion

Up to this date, no molecular marker has been unanimously
agreed on as a powerful predictor in neoadjuvant setting. We are
expecting a wide range of immunotherapy and combined regimens as
well as a more profound genre of predictive and prognostic
biomarkers in neoadjuvant setting of NSCLC in the coming future.
Dynamic change of circulating tumor DNA is currently the most
likely predictive biomarker of neo-immunotherapy. The predicting
power of PD-L1 expression warrants further validation, while TMB is
not recommended yet. Further exploration on biomarkers focusing
on immune-related adverse events is of great importance as well for
the underlying population that might not benefit from
neoadjuvant immunotherapy.
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Background: Epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-
TKils) could provide survival benefits for locally advanced EGFR-mutant (EGFRm)
non-small cell lung cancer (NSCLC). However, the role of radical surgery for EGFR-
TKI treated stage IlIB EGFRm NSCLC remains controversial. This study attempted
to assess the feasibility of neoadjuvant EGFR-TKI followed by radical surgery for
stage IlIB EGFRm NSCLC.

Patients and Methods: Between 2013 and 2020, EGFRm lung adenocarcinoma
(LUAD) patients in clinical stage I1IB undergoing neoadjuvant EGFR-TKI followed by
surgery (T-S-Arm) and EGFR-TKI alone (T-Arm) were reviewed retrospectively in
Shanghai Pulmonary Hospital (SPH). The chi-square test, Student’s t-test or Fisher’s
exact test was performed for analysis of baseline characteristics. Progression-free
survival (PFS) was estimated using the Kaplan-Meier analysis. Multivariate Cox
regression analysis was used to identify independent predictors of progression.

Results: A total of 43 patients were divided into T-S-Arm (n = 21) and T-Arm (n =
22). Patients were well-balanced between the two arms. The majority of patients
were female (n = 25, 58.1%), non-smokers (n = 35, 81.4%), first-generation of
EGFR-TKI treatment (n = 39, 90.7%), and exon 19 deletions (19-DEL) (n = 26,
60.5%). The median diagnostic age was 63.0 years [interquartile range (IQR), 54.0-
67.5 years). At the cut-off date with June 30th 2022, median follow-up time was 28
months (IQR, 20-39 months). Neoadjuvant EGFR-TKI treatment followed by
radical surgery could significantly improve the median PFS compared with
patients underwent EGFR-TKI alone (23.0 months vs 14.5 months, P = 0.002).
Multivariate Cox regression analysis demonstrated that radical surgery (T-S-Arm
vs. T-Arm, HR: 0.406; 95% Cl: 0.207-0.793, P = 0.027) was the only independent
predictor for disease progression. The stratified analysis demonstrated patients
with N2 disease could benefit from radical surgery (HR, 0.258; 95% CI, 0.107-
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0.618), especially for patients harboring L858R mutation (HR, 0.188; 95% CI,

0.059-0.604).

Conclusions: For stage llIB EGFRm NSCLC patients, the prognosis might be
improved by neoadjuvant EGFR-TKI followed by radical surgery versus EGFR-TKI
alone, especially for those with N2 disease and harboring L858R mutation.

KEYWORDS

non-small cell lung cancer, adenocarcinoma, neoadjuvant targeted therapy, epidermal
growth factor receptor, stage IlIB

Introduction

Non-small cell lung cancer (NSCLC) represents approximately
85% of lung cancer worldwide (1), and 22% of NSCLC patients were
diagnosed with locally advanced (stage III) disease (2). NSCLC in
stage III is divided into IITA to C (3). NSCLC patients with stage IIIB
disease, considering unresectable disease, have limited benefits from
surgery followed by adjuvant treatment (4). In 2014, the multicenter
phase II study (TAX-AT 1.20 trial) demonstrated neoadjuvant
chemotherapy with docetacxel/cisplatin followed by complete
resection could improve prognosis of NSCLC patients in stage II,
IIIA and IIIB (5). ASCO guideline has recommended that patients
with unresectable stage III disease may be offered induction therapy
followed by complete resection (6).

The percentage of Asian NSCLC patients with epidermal growth
factor receptor (EGFR) mutations is 30%, and the most common
mutations are deletions in exon 19 (19-DEL) and the exon 21 codon
p-Leu858Arg point (L858R) mutation (7). In patients with EGFR
mutations, EGFR-TKI therapy has shown good efficacy and well-
tolerance compared with chemotherapy (8). In recent years, studies
showed neoadjuvant EGFR-TKI therapy could downstage the tumor
and improve the rate of radical surgery in patients with locally
advanced NSCLC. Xiong et al. demonstrated that neoadjuvant
erlotinib therapy could improve the rate of radical surgery (13/19,
69.4%) of EGFRm NSCLC patients in stage IIIA-N2, achieving a
median progression-free survival (PES) of 12.1 months (95% CI, 9.4-
31.8) (9). Zhang et al. demonstrated the feasibility of neoadjuvant
gefitinib therapy followed by radical surgery for EGFRm NSCLC
patients in stage II-ITIA [disease-free survival (DFS), 33.5 months,
95% CI, 19.7-47.3], and patients with major pathologic response
(MPR, proportion of patients with no more than 10% residual viable
tumor cells) had a better prognosis (DFS, P = 0.019) (10).

The safety and efficacy of neoadjuvant EGFR-TKI therapy for locally
advanced EGFRm NSCLC have been confirmed by clinical trials above
mentioned. However, no clinical trial focused on the efficacy of
neoadjuvant targeted therapy combined with radical surgery for stage
IIB NSCLC harboring EGFR mutations. The efficacy of complete
resection based on tumor downstaging after treated with neoadjuvant
EGFR-TKI therapy remains controversial for EGFRm NSCLC patients
diagnosed as stage IIIB disease. In this study, we attempted to assess the
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clinical efficacy of radical surgery after induction targeted therapy for
EGFRm lung adenocarcinoma (LUAD) patients with stage ITIB disease.

Methods

Patient selection

We retrospectively included the NSCLC patients between January
2013 and December 2020 in Shanghai Pulmonary Hospital (SPH).
The approval of the study was granted by Ethical Committee of
Shanghai Pulmonary Hospital, and informed consent was obtained by
all patients. The inclusion criteria were as followed: (I) patients
harboring L858R mutation or 19-DEL confirmed by molecular
biological detection; (II) patients diagnosed as NSCLC with clinical
stage IIIB disease; (III) the diagnostic age of patients elder than 18
years; (IV) Eastern Cooperative Oncology Group (ECOG)
performance status was 0 to 1; (V) radical surgery could not be
completed at the time of diagnosis. The exclusion criteria were as
followed: (I) history of cancer within 5 years; (II) primary resistance
to EGFR-TKIs; (III) other systemic neoadjuvant antitumor therapy
before preoperative evaluation. These patients underwent
neoadjuvant EGFR-TKI followed by surgery (T-S-Arm) and EGFR-
TKI alone (T-Arm) respectively. The pathological diagnosis of
NSCLC was established on the basis of needle biopsy or
endobronchial ultrasound (EBUS). All patients were pathologically
diagnosed as LUAD. The type of EGFR mutations was confirmed by
amplification refractory mutation system-polymerase chain reaction
(ARMS-PCR). The NSCLC stage of all patients was evaluated by
pathological detection and/or standardized uptake value (SUV) in
positron emission tomography/CT (PET/CT). The stage of the
primary tumor (T), lymph node (N), and metastasis (M) were
evaluated based on the American Joint Committee on Cancer
(AJCC) 8th edition TNM staging system for NSCLC (3). Patients
with pre-induction N3 disease in T-S-Arm had downstaging and their
N3 lymph nodes were negative after EGFR-TKI therapy, which was
confirmed by PET/CT and ultrasound-guided fine-needle aspiration.
In T-S-Arm, all patients should be performed surgery within 3 weeks
after EGFR-TKI discontinuation. For patients received the first-
generation EGFR-TKI, at least three days interval from EGFR-TKI
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discontinuation to surgery, and for patients received the second-
generation EGFR-TKI treatment, the interval should be extended to 7
days. All patients in T-S-Arm were strongly required to undergo
complete resection for LUAD after neoadjuvant treatment.

Efficacy assessment

To evaluate the treatment response after EGFR-TKI treatment, chest
CT images of all patients were reviewed and evaluated by radiologists
based on the Response Evaluation Criteria in Solid Tumors (RECIST,
version 1.1) (11). The tumor responses were classified as progressive
disease (PD, >20% increased in size or the occurrence of now lesions),
stable disease (SD, change in size between -30% to +20%), partial
response (PR, 230% reduced in size) and complete remission (CR, no
resident lesion). Chest CT and EBUS were performed to evaluate the
lymph node response after EGFR-TKI treatment and to assess the
surgical feasibility. Brain magnetic resonance imaging (MRI) and PET/
CT or bone emission computed tomography (ECT) scan were performed
to confirm the absence of distant metastasis.

Follow-up strategy

Follow up was conducted by outpatient visits or telephone calls. For
postoperative patients, physical examinations and chest CT were performed
every 3 months for the first year, every 6 months for 2 to 5 years, and
annually from then on. Brain MR, ultrasonography of abdominal and bone
ECT were performed annually or physicians considered necessary. For
patients without surgery, physical examinations and chest CT were
performed every 2 months. The cutoff date was June 30th 2022. PFS was
defined as the interval of time from the beginning of treatment to the first
progression or last follow-up. OS was defined as the interval of time from the
beginning of treatment to death or last follow-up. Data was censored at the
last follow-up for patients without recurrence or death.

Statistical analysis

The statistical analysis used R software (R v.4.1.3). The chi-square
test or fisher’s exact test and Student’s t-test were used for comparing
the differences of categorical and continuous variables between T-S-
Arm and T-Arm. PFS was analyzed by Kaplan-Meier method and was
compared using the log-rank test. The stratified analyses of PES were
performed with the Cox proportional hazards model according to
clinical characteristics. Multivariate Cox regression was used to
evaluate independent survival predictors of progression, and factors
with P < 0.1 from the univariate Cox regression was included in the
multivariate Cox regression. P < 0.05 indicated statistical significance.

Results
Patient characteristics

A total of 43 EGFRm LUAD patients with clinical stage IIIB were
included in this study retrospectively (21 in T-S-Arm and 22 in T-
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Arm respectively) (Figure 1). The characteristics of patients were
summarized in Table 1. The median age was 63 years [interquartile
range (IQR), 54.0-67.5]. The majority of patients were female (n = 25,
58.1%), non-smokers (n = 35, 81.4%), the first-generation EGFR-TKIs
treated (n = 39, 90.7%), and harboring 19-DEL (n = 26, 60.5%). No
significant difference was observed in the distribution of age, gender,
smoking history and mutation subtypes between T-S-Arm and T-
Arm. While, compared with patients in T-Arm, T-S-Arm patients
had larger target lesions (57.0mm vs 37.9mm, P = 0.007). There were
two (9.5%) patients with single N2 disease in T-S-Arm. There were 15
(15/21, 71.4%) patients in T-S-Arm receiving neoadjuvant therapy for
up to 2 months (range, 1-2 months), and 6 (6/21, 28.6%) for more
than 2 months (range, 3-6 months).

Treatment feasibility

As Table 2 demonstrated that the efficacy of neoadjuvant EGFR-
TKI therapy was assessed by RECIST (version 1.1). PR was observed
in 26 patients, and SD was observed in 16 patients. Only one patient
refused to evaluation in our center after neoadjuvant treatment. The
objective response rate (ORR) in this study was 61.9% (26/42). There
was no CR radiologically. The distribution of tumor response was
similar between T-S-Arm and T-Arm. After EGFR-TKI treatment,
the rate of patients occurred radiologically CR in lymph nodes (NO)
was higher in T-S-Arm (52.4% vs 27.3%, P = 0.148). Only one patient
discontinued EGFR-TKI therapy for serious adverse event
(interstitial pneumonia).

Patients in T-S-Arm all received neoadjuvant treatment followed
by complete resection. There were 19 (19/21, 90.5%) patients
receiving lobectomy, and 1 (1/21, 4.8%) receiving sleeve resection in
T-S-Arm. There was one (1/21, 4.8%) patient receiving
segmentectomy for poor pulmonary function. The median
operation time was 2.25 hours (IQR, 2.00-3.00), and the median
blood loss was 50.0 mL (IQR, 50.0-150.0) (Table 3). Perioperative
complications included one (1/21, 4.8%) patient with pulmonary
embolism (PE) and one (1/21, 4.8%) patient with pleural effusion.
No surgical related death was observed within 90
days postoperatively.

There were 17 (17/21, 81.0%) patients in T-S-Arm receiving
EGFR-TKI for at least 2 years or until disease progression
postoperatively. And four (4/21, 19.0%) patients received adjuvant

EGFRm locally advanced NSCLC patients (a
=1y

63 excluded (diagnosed with
IIIA or IIIC discase )

l With ITIB disease (n = 48) ‘

5 exchuded
3 without L858R/19-DEL mutation

2 with primary resistance to EGFR-TKIs
FIGURE 1

Study flow diagram. EGFR, epidermal growth factor receptor; NSCLC,
non-small cell lung cancer; EGFR-TKI, epidermal growth factor
receptor tyrosine kinase inhibitor
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TABLE 1 Baseline information of patients receiving EGFR-TKIs.

10.3389/fonc.2023.1034897

Total (N=43) T-S-Arm (N=21) T-Arm (N=22)
Median age, years (IQR) 63 [54.0, 67.5] 61.0 [53.0, 67.0] 64.0 [59.0, 68.5] 0.225
Gender 0.223
Male 18 (41.9%) 11 (52.4%) 7 (31.8%)
Female 25 (58.1%) 10 (47.6%) 15 (68.2%)
Smoking history 0.457
Current or ever 8 (18.6%) 5(23.8%) 3 (13.6%)
Never 35 (81.4%) 16 (76.2%) 19 (86.4%)
The Generation of TKI -
I 39 (90.7%) 17 (81.0%) 22 (100%)
11 4 (9.3%) 4 (19.0%) 0 (0%)
Mutation Subtype 0.124
L858R 17 (39.5%) 11 (52.4%) 6 (27.3%)
19-DEL 26 (60.5%) 10 (47.6%) 16 (72.7%)
Mean target lesions, mm (IQR) 46.5 [30.3-60.5] 57.0 [36.0-72.0] 37.9 [22.0-50.0] 0.007
T stage 0.588
T1 8 (18.6%) 3 (14.3%) 5(22.7%)
T2 13 (30.2%) 5 (23.8%) 8 (36.4%)
T3 9 (20.9%) 5 (23.8%) 4 (18.2%)
T4 13 (30.2%) 8 (38.1%) 5 (22.7%)
N stage 0.227
N2 22 (51.2%) 13 (61.9%) 9 (40.9%)
N3 21 (48.8%) 8 (38.1%) 13 (59.1%)
LN station 0.277
Single station N2 2 (4.7%) 2 (9.5%) 0 (0%)
Multiple station N2 21 (48.8%) 11 (52.4%) 10 (45.5%)
N3 20 (46.5%) 8 (38.1%) 12 (54.5%)

IQR, interquartile range; EGFR-TKI, epidermal growth factor receptor tyrosine kinase inhibitor; LN, lymph nodes.

chemotherapy every 3 weeks for 4 cycles. No patient received the
third-generation EGFR-TKI as an adjuvant therapeutic regimen.

Survival analysis

The median follow-up time was 28 months (IQR, 20-39). In T-S-
Arm, there were 10 (10/21, 47.6%) patients occurring tumor recurrence,
including one (1/10, 10%) local recurrence and nine (9/10, 90%) distant
recurrence. As Figure 2A illustrated that the median PFS of patients in T-
S-Arm was significantly better than those in T-Arm (23.0 months vs 14.5
months, P = 0.002). Improvement of PFS at 1-year (85.7% vs 50.0%, P =
0.021) was also observed in T-S-Arm. PFS at 2-year (42.9% vs 10.9%, P =
0.103) was similar between T-S-Arm and T-Arm. As of the final follow-
up date, 32 (32/43, 74.4%) patients survived, 6 (6/43, 14%) were lost to
follow-up after recurrence or progression and 5 (5/43, 11.6%) died of
distant metastasis (3 in T-S-Arm and 2 in T-Arm). The median OS did
not reach in both groups (Figure 2B).
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Multivariate Cox regression analysis showed that radical surgery
(HR, 0.406; 95% CI, 0.207-0.793; P = 0.027) was the only independent
predictive factor for disease progression (Table 4). In the stratified
analysis, PFS favored radical surgery in younger patients (HR, 0.165;
95% CI, 0.052-0.523; P = 0.010), non-smokers (HR, 0.316; 95% CI, 0.137-
0.971; P = 0.010), harboring L858R mutation (HR, 0.188; 95% CI, 0.059-
0.604; P = 0.019), with stage N2 disease (HR, 0.258; 95% CI, 0.107-0.618;
P =0.011), radiological PR (HR, 0.291; 95% CI, 0.128-0.659; P = 0.013)
and without lymph node CR (HR, 0.329; 95% CI, 0.139-0.776; P = 0.033).
There was no significant difference in other subgroups (Figure 3).

Discussion

The radical surgery remains uncertain in stage IIIB NSCLC
patients harboring EGFR mutations occurring downstaging after
neoadjuvant EGFR-TKI therapy. Recent studies have reported a
small sample of EGFRm NSCLC patients in stage IIIB receiving
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TABLE 2 Efficacy of patients receiving neoadjuvant EGFR-TKI plus complete resection or EGFR-TKI alone.

10.3389/fonc.2023.1034897

Tumor response 1.000
PR 26 (60.5%) 13 (61.9%) 13 (59.1%)
SD 16 (37.2%) 8 (38.1%) 8 (36.4%)
Missing 1(2.3%) 0 (0%) 1 (4.5%)
Clinical T stage after treatment 0.871
T1 24 (55.8%) 13 (61.9%) 11 (50.0%)
T2 15 (34.9%) 7 (33.3%) 8 (36.4%)
T3 1(2.3%) 0 (0%) 1 (4.5%)
T4 2 (4.7%) 1 (4.8%) 1 (4.5%)
Missing 1(2.3%) 0 (0%) 1 (4.5%)
Pathological T stage after treatment =
T1 11 (25.6%) 11 (52.4%) 0 (0%)
T2 9 (20.9%) 9 (42.9%) 0 (0%)
T3 0 (0%) 0 (0%) 0 (0%)
T4 1(2.3%) 1 (4.8%) 0 (0%)
Missing 22 (51.2%) 0 (0%) 22 (100%)
Pathological N stage after treatment =
NO 11 (25.6%) 11 (52.4%) 0 (0%)
N1 2 (4.7%) 2 (9.5%) 0 (0%)
N2 8 (18.6%) 8 (38.1%) 0 (0%)
Missing 22 (51.2%) 0 (0%) 22 (100%)
LN response 0.148
Downstaging to NO 17 (39.5%) 11 (52.4%) 6 (27.3%)
Downstaging to N1 or N2 9 (20.9%) 5(23.8%) 4 (18.2%)
Unchanged 16 (37.2%) 5(23.8%) 11 (50.0%)
Missing 1(2.3%) 0 (0%) 1 (4.5%)
Recurrence or progression <0.001
Yes 31 (72.1%) 10 (47.6%) 21 (95.5%)
No 12 (27.9%) 11 (52.4%) 1 (4.5%)
Recurrence or progression position <0.001
Local 19 (44.2%) 1 (4.8%) 18 (81.8%)
Distance 12 (27.9%) 9 (42.9%) 3 (13.6%)
None 12 (27.9%) 11 (52.4%) 1 (4.5%)
Status 0.660
Alive 32 (74.4%) 15 (71.4%) 17 (77.3%)
Dead 5 (11.6%) 3 (14.3%) 2 (9.1%)
Censored 6 (14.0%) 3 (14.3%) 3 (13.6%)

EGFR-TKI, epidermal growth factor receptor tyrosine kinase inhibitor; LN, lymph nodes; PR, partial response; SD, stable disease.
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TABLE 3 Surgical information and adjuvant therapy of patients in T-S-Arm.

T-S-Arm
(N=21)

Operative procedure

Lobectomy 19 (90.5%)
Segmentectomy 1 (4.8%)
Sleeve resection 1 (4.8%)

Surgical approach

VATS 14 (66.7%)
Open 7 (33.3%)
Median operation time, h (IQR) 2.25 [2.00, 3.00]

Median blood loss, mL (IQR) 50.0 [50.0, 150.0]

Perioperative complications
Pulmonary embolism 1 (4.8%)

Pleural effusion 1 (4.8%)

None 19 (90.5%)
Adjuvant therapy

EGFR-TKI 17 (81.0%)

Chemotherapy 4 (19.0%)

VATS, video-assisted thoracic surgery; IQR, interquartile range; EGFR-TKI, epidermal growth
factor receptor tyrosine kinase inhibitor.

salvage surgery following EGFR-TKI treatment and demonstrated the
feasibility of neoadjuvant EGFR-TKI therapy for EGFRm NSCLC in
stage IIIB (12, 13). The results suggested that neoadjuvant EGFR-TKI
therapy in combination with radical surgery could provide
significantly better median PFS with EGFRm LUAD patients in
stage IIIB compared with these patients receiving EGFR-TKI alone
(23.0 months vs 14.5 months, P = 0.002).

The randomized phase II study (EMERGING-CTONG1103)
reported the median PFES of 21.5 months (95% CI, 16.7-26.3) of
NSCLC patients with stage ITIA-N2 disease receiving neoadjuvant
erlotinib therapy combined with radical surgery and the ORR was
54.1% (20/37) (14). The open label phase III study (WJTOG3405)
showed that median PFS of EGFRm NSCLC patients in stage ITIB (6th
edition TNM classification, including T3N3 and T4N3 disease)
receiving gefitinib was 13.7 months (95% CI, 7.2-20.5), and the
ORR was 62.1% (36/58) (15). The median PFS and ORR of patients
in T-Arm were consistent with those in WJTOG3405. However, the
median PFS and ORR of patients in T-S-Arm were slightly higher
than those in EMERGING-CTONG1103. One possible reason is that
we excluded patients with primary resistance to EGFR-TKIs who had
worse PFS, while there were 3 patients with PD in EMERGING-
CTONG1103. Another reason is that the longer period of
neoadjuvant EGFR-TKI might provide enough time for tumor to
decrease. In our study, the duration of neoadjuvant EGFR-TKI varied
1 to 6 months, while patients in EMERGING-CTONG1103 received
preoperative EGFR-TKI for 42 days.
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The preferred treatment for NSCLC patients with N3 disease is
systemic therapy instead of surgery. In 2018, Ning et al. reported 2
EGFRm NSCLC patients in stage ITIB receiving complete resection
after EGFR-TKI treatment. Both of them were in stage N2 and
downstaged to NO preoperatively (16). In 2021, Li et al. collected 91
NSCLC patients with unresectable disease before receiving EGFR-TKI
treatment, and 18 of them downstaged and received salvage resection
after EGFR-TKI treatment. There were 3 patients with N3 disease
undergoing surgery, achieving a mean PFS of 15.8 months (range, 8.5-
26 months) (13). In our study, patients with stage N3 disease in T-S-
Arm were carefully assessed as downstaging to make sure that all of
them could receive radical surgery. However, subgroup analysis
showed that there was no significant difference between T-S-Arm
and T-Arm in patients with N3 disease. Therefore, radical surgery
might be unsuitable for patients with N3 disease. It was also reported
that surgery might improve long-term survival compared with
chemoradiation in patients with N3 disease (17). Unfortunately, it
could not be demonstrated in our study for the follow-up time was
too short. Large-scale clinical trial and longer period of follow-up are
needed to confirm the feasibility of treatment strategies aiming at
complete resection in EGFRm NSCLC patients with N3 disease.

In previous studies, patients with 19-DEL were generally more
sensitive to EGFR-TKIs than those with L858R mutation (18, 19). Kuan
et al. demonstrated that EGFR-TKIs could improve PFS of patients with
19-DEL (HR, 0.27; 95% CI, 0.21-0.35) and L858R mutation (HR, 0.45;
95% CI, 0.35-0.58), but there was no benefit for OS of patients with
L858R mutation (20). In EMERGING-CTONGI1103, there was no
significant difference in DFS between patients with L858R mutation
and 19-DEL receiving neoadjuvant EGFR-TKI therapy combined with
radical surgery (21.9 months vs 21.7 months) (14), and this conclusion
was confirmed in this study. However, PFS of patients with L858R
mutation receiving radical surgery was significantly improved
compared with EGFR-TKI alone (HR, 0.188; 95% CI, 0.059-0.604),
indicating that patients with L858R mutation could benefit more from
radical surgery than those with 19-DEL. In previous studies, it was
observed that T790M, which was sensitive to the third-generation of
EGFR-TKIs, was more frequent in patients with resistance to EGFR-
TKIs harboring 19-DEL than those harboring L858R mutation (21).
Therefore, there are more options of second-line therapies for patients
with 19-DEL than those with L858R mutation. In this study, we found
that radical surgery could provide the alternative for patients with
L858R mutation. Future clinical trials should take 19-DEL and L858R
mutation as distinct factors and individualize treatment plans.

Lymph nodes clearance after neoadjuvant therapy was proved to
be a prognostic of survival for NSCLC patients with stage III disease
(22, 23). However, Andrews et al. showed that there was no significant
difference in survival between patients with persistent N2 disease and
with mediastinal downstaging undergoing complete resection (24),
which was also observed in this study. For pre-induction N2 disease,
radical surgery is recommended after EGFR-TKI therapy even if there
is persistent N2 disease preoperatively.

Our study had limitations: (I) As this study was retrospective,
selection bias was inevitable and could affect the results of this study.
Randomized controlled clinical trials were needed for further
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FIGURE 2
Survive curves for 43 patients with EGFR-TKI treatment. (A) Progression-free survival (PFS) grouped by patients with or without radical surgery. (B) Overall
survival (OS) grouped by patients with or without radical surgery.

TABLE 4 Univariate and multivariate Cox regression analysis for PFS in patients with receiving EGFR-TKIs.

Univariable Multivariable

Variables HR (95% Cl) P Value HR (95% Cl) P Value
Age 0.403

<60 1.000

260 1.380 (0.732-2.599)
Gender ‘ 0.686

Female 1.000

Male 1.162 (0.631-2.139)
Smoking history ‘ 0.547

Never 1.000

Current or ever 1.318 (0.621-2.798)

(Continued)
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TABLE 4 Continued

10.3389/fonc.2023.1034897

Univariable Multivariable
Variables HR (95% Cl) P Value HR (95% Cl) P Value
Mutation type 0.060 0.293
L858R 1.000 1.000
19-del 2.125 (1.100-4.103) 1.554 (0.780-3.097)
Target lesions 0.996 (0.982-1.010) 0.637
Stage N 0.235
11 1.000
111 1.555 (0.844-2.867)
Tumor response 0.802
PR
SD 0.909 (0.486-1.700)
LN response 0.083 0.175
To NO 1.000 1.000
To N1 or unchanged 1.977 (1.035-3.776) 1.721 (0.891-3.323)
Therapy 0.004 0.027
Without radical 1,000 1000
surgery
With radical surgery 0.325 (0.172-0.615) 0.406 (0.207-0.793)

LN, lymph nodes; HR, hazard ratio; CI, confidence interval; PR, partial response; SD, stable disease; EGFR-TKI, epidermal growth factor receptor tyrosine kinase inhibitor.

confirmation. (II) The sample size was too small to define the
difference of patients in stage N3 with downstaging after EGFR-TKI
treatment between T-S-Arm and T-Arm, for radical surgery was not
the routine treatment for these patients according to clinical
guidelines. (III) The follow-up duration was relatively short. (IV)
The information of survival status and therapeutic regimens after
disease progression or recurrence was missing for some patients
during follow-up. Thus, the OS was not discussed in this study
profoundly. Further studies would extend the follow-up duration
and analyze the treatment strategies for post-recurrence. (IV) The

Subgroup With radical surgery Without radical surgery HR(95%CI)

Age

<=60 9 7 — 0.165(0.052-0.523)

>60 12 15 ——— 0.499(0.232-1.074)

Gender

Male 1" 7 —-—— 0.181(0.063-0.517)

Female 10 15 —_— 0.410(0.173-0.971)

Smoking.history

Current 5 —_— 0.386(0.100-1.501)

Never 16 19 e | 0.316(0.173-0.971)

Mutation.type
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19-DEL 10 16 — 0.576(0.270-1.228)

N

2 13 9 ——— 0.258(0.107-0.618)
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PR 13 13 - 0.291(0.128-0.659)

SD 8 0.480(0.170-1.351)
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Others 10 15 —— 0.329(0.139-0.776)

Total 21 22 e——— 0.325(0.172-0.615)
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FIGURE 3

PFS in patient’s subgroups. PFS, progression-free survival; EGFR-TKI,

epidermal growth factor receptor tyrosine kinase inhibitor; PR, partial

response; SD, stable disease; LN, lymph nodes; HR, hazard ratio; Cl,

confidence interval.
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clinical N stage before treatment was evaluated according to the SUV
in PET/CT, for the information of pathological lymph nodes
involvement before treatment of a part of patients was missing. (V)
Information about adverse events in grade 1 to 2 was missing for the
majority of patients. However, it is highlighted that EGFR-TKIs were
well-tolerated and the treatment protocols were well-established
according to previous clinical trials.

In conclusion, neoadjuvant EGFR-TKI in combination to radical
surgery could improve the prognosis of EGFRm LUAD patients in
stage IIIB, especially for patients with N2 disease and harboring
L858R mutation. Radical surgery should be carefully selected for
patients with N3 disease after EGFR-TKI treatment.
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Neoadjuvant osimertinib and
chemotherapy for stage IlIA
primary pulmonary
carcinosarcoma with EGFR
19DEL mutation: A case report
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Shiyan Li*, Wei Xu?, Jing Qin®* and Zemin Xiao™
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of Thoracic Surgery, The First People's Hospital of Changde City, Changde, China, 3Department of
Pathology, The First People’s Hospital of Changde City, Changde, China

Epidermal growth factor receptor (EGFR) mutations have been frequently
detected in patients with pulmonary adenocarcinoma. EGFR Exon 19Del and
21L.858R mutations are the two most common EGFR mutations. EGFR-tyrosine
kinase inhibitors (TKIs) are widely employed to treat patients with non-small cell
lung cancer (NSCLC) harboring EGFR mutations. Recently, there has been rapid
growth in clinical trials assessing neoadjuvant targeted therapy, indicating good
application prospects owing to high efficiency and low toxicity. Herein, we
discuss the case of a 56-year-old male patient who was initially diagnosed
with stage IlIA pulmonary adenocarcinoma (AJCC,8™ edition) of the left lower
lung with an EGFR Exon 19Del mutation. The patient was treated with osimertinib
but failed to undergo timely review and surgery. Subsequently, the patient
underwent two cycles of neoadjuvant chemotherapy (NAC) combined with
neoadjuvant targeted therapy. After the tumor load and size had significantly
decreased, radical surgery was successfully performed under thoracoscopy.
However, postoperative pathology revealed carcinosarcoma, pT2aNOMO, stage
IB, and the pathological response was 50%. The present case report provides
practical clinical evidence for the application of neoadjuvant targeted therapy
combined with chemotherapy for locally advanced primary pulmonary
carcinosarcoma with EGFR mutation.

KEYWORDS

osimertinib, chemotherapy, neoadjuvant, pulmonary carcinosarcoma, EGFR

03 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2023.1145021/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1145021/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1145021/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1145021/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1145021/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2023.1145021&domain=pdf&date_stamp=2023-03-10
mailto:316325518@qq.com
https://doi.org/10.3389/fonc.2023.1145021
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2023.1145021
https://www.frontiersin.org/journals/oncology

Wang et al.

1 Introduction

Osimertinib, the first approved third-generation irreversible
selective inhibitor of epidermal growth factor receptor (EGFR)
mutations, has been widely used in patients with advanced
NSCLC harboring Exon 19Del/21L858R mutations. Osimertinib
reportedly exhibits marked efficacy in untreated patients with EGFR
mutations, especially those with the EGFR Exon 19Del mutation,
thereby affording a longer progression-free survival than first-
generation EGFR-TKIs with a similar safety profile (1). On April
14, 2021, the China National Medical Products Administration
officially approved the application of osimertinib for the adjuvant
treatment of patients with stage IB-IIIA NSCLC harboring EGFR
Exon 19Del/21L858R mutations. Considering a prospective clinical
trial assessing neoadjuvant targeted therapy, preliminary results
have revealed that osimertinib affords substantial clinical effects and
good safety, reducing the complexity and scope of surgical resection
and improving surgical efficacy (2).

According to the World Health Organization (WHO)
classification of thoracic tumors (2021), pulmonary
carcinosarcoma (PCS) is a rare type of pulmonary sarcomatoid
carcinoma (PSC), accounting for only 4% of PSCs and
approximately 0.27% of malignant lung tumors, associated with
poor prognosis (3). PCS is more common in middle-aged and
elderly male patients than that in female patients, and most patients
typically have a prolonged history of heavy smoking. PCS is a
special category of lung malignancy with malignant epithelial and
mesenchymal components, either clearly demarcated or mixed.
Malignant epithelial components mainly include squamous cell
carcinoma and adenocarcinoma, whereas malignant mesenchymal
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components primarily include rhabdomyosarcoma, chondroid
sarcoma, and osteosarcoma. Undifferentiated pleomorphic
sarcomas are rare. Clinical manifestations are nonspecific,
including cough, bloody sputum, chest pain, low fever,
emaciation, fatigue, and other discomforts. Chest computed
tomography (CT) scans frequently exhibit large lobulated masses
prone to bleeding and necrosis. PCS is likely to be misdiagnosed as
simple pulmonary carcinoma or sarcoma upon both bronchoscopic
biopsy and peripheral puncture biopsy owing to the limited sample
size; thus, pathological examination with complete excision is
needed to further confirm the diagnosis.

2 Case report

A 56-year-old male patient with dry cough, weight loss (2 kg)
over 2 months, and a history of smoking (> 35 years), without
expectoration, hemoptysis, fever, chills, or dyspnea, was admitted to
the Department of Respiratory Medicine at our hospital on
December 2, 2021. Family history and physical examination
revealed no positive findings. He had an Eastern Cooperative
Oncology Group (ECOG) performance status of 1. Enhanced
chest CT showed occupation of the left lower lung
(approximately 93 mm x 70 mm), with no obvious enlargement
of the mediastinal lymph nodes (Figure 1A). Electronic
bronchoscopy revealed an external pressure stenosis of the basal
branch of the lower lobe of the left lung. Ultrasound-guided
puncture biopsy of the left lower lung mass revealed moderately
differentiated adenocarcinoma (Figures 2A, B). No signs of
metastasis were detected on upper abdominal enhanced CT,

October 7, 2022

Enhanced chest CT scans of the patient during neoadjuvant therapy. (A) Baseline imaging demonstrating a 93 mm X 70 mm abnormal lung mass
(red arrows) in the lower lobe of the left lung. (B) After 210 days of osimertinib therapy, the chest CT scan shows mass shrinkage (blue arrows) to 48
X 44 mm, achieving a partial response (PR). (C) After two cycles (42 days) of osimertinib and chemotherapy, the chest CT scan shows mass
shrinkage (green arrows) to 40 mm x 37 mm, achieving a sustained partial response (sPR). CT, computed tomography.
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FIGURE 2

Pathological diagnosis. (A, B) Pathological diagnosis of the lung biopsy revealing a moderately differentiated lung adenocarcinoma. Immunohistochemistry
results are presented as follows: TTF-1(+), Napsin A (+), CK7 (+), CK5/6 (-), P40 (-), Ki67 (50%+), Syn (-), and CgA (-). (C-F) Pathological diagnosis of lung
surgery is carcinosarcoma (adenocarcinoma accounts for approximately 40% and undifferentiated pleomorphic sarcoma accounts for approximately 60%)
with a size of 40 mm x 33 mm x 26 mm, and the visceral pleura appears uninvolved. No tumor involvement can be observed in the bronchial stump, with
no tumor metastasis in the lymph nodes of each group (-, 0/14). Immunohistochemistry outcomes were presented as follows: CK(pan)(partial+), Vimentin
(partial+), TTF-1(partial+), CK7 (partial+), NapsinA (partial+), P40 (-), CK5/6 (-), Syn (-), CD56 (few+), S100 (-), SMA (-), Desmin (-), Calponin (-), MyoD1 (-),

Myogenin (-), P53 (90%+), Ki67 (60%+), CD31 (partial +), ERG (Vascular +).

whole-body bone imaging, or brain magnetic resonance imaging
(MRI). The tumor was classified as stage ITIA (cT4NOMO). Next-
generation sequencing (NGS) analysis (including EGFR, ALK,
ROS1, MET, RET, KRAS, BRAF, NRAS, HER2, PIK3CA, and
TP53) indicated EGFR Exon 19Del and TP53 mutations
(Supplementary Material). Following a discussion with the
multidisciplinary team at our hospital (including respiratory
physicians, oncologists, thoracic surgeons, pathologists, and
radiologists), surgical resection combined with adjuvant or
neoadjuvant targeted therapy (osimertinib) was recommended.
The patient received immediate neoadjuvant targeted therapy
(osimertinib 80 mg orally once daily with or without food).
However, regular re-examinations and surgery were not
performed as required.

On August 1, 2022 (210 days after osimertinib therapy), the
patient visited the hospital for a re-examination. Based on enhanced
chest CT, the tumor in the left lower lung was significantly reduced
(Figure 1B). Radiographic assessment was partial response (PR)
based on the Response Evaluation Criteria in Solid Tumors version
1.1 (RECIST 1.1). Subsequent positron emission tomography
(PET)-CT displayed a tumor in the left lower lung accompanied
by increased glucose metabolism (SUVmax:27.998) and no other
signs of metastasis (Figure 3). There was no obvious abnormality on
the enhanced brain MRI. Moreover, no notable adverse reactions
were observed during osimertinib treatment. Surgery was
recommended, and the patient and his family requested
consultation before the final determination. From August 25,
2022, to September 16, 2022, the patient received neoadjuvant
osimertinib, combined with neoadjuvant chemotherapy, a two-
cycle PC regimen (pemetrexed + carboplatin). After
chemotherapy, the patient developed moderate gastrointestinal
reactions with no obvious myelosuppression. On October 7, 2022,

Frontiers in Oncology

an enhanced chest CT scan showed progressive tumor shrinkage in
the left lower lung, exhibiting a size of approximately 40 mm x 37
mm (Figure 1C). Radiographic assessment revealed sustained PR
(sPR). The urgency of surgery was well-communicated with the
patient and his family, and thoracoscopic left lower lobectomy,
mediastinal lymph node dissection, and bronchoplasty were
successfully completed on October 14, 2022. Postoperative
pathological diagnosis was carcinosarcoma with marked necrosis,
interstitial degeneration, inflammatory cell infiltration, cholesterol
crystals, and small vascular hyperplasia (Figures 2C-F). Complete
resection was performed, and the pathological response was 50%.
The final postoperative pathological stage was pT2aNOMO, stage IB.
The patient recovered well post-surgery. Considering the diagnosis
of rare primary PCS post-surgery, NGS analysis was re-performed
on November 05, 2022, which revealed EGFR Exon 19Del and TP53
mutations (Supplementary Material). The patient requested
continued adjuvant targeted therapy with osimertinib and regular
review. Owing to the impact of the coronavirus disease 2019
(COVID-19) pandemic, the patient was telephonically followed
up for three months, exhibiting good health to date (January 14,
2023). The process of clinical diagnosis and treatment for this
patient is shown in Figure 4.

3 Discussion

Although stage ITIA NSCLC is potentially resectable, traditional
treatment options, including preoperative or postoperative
chemotherapy, offer similar effects (4). Considering patients with
resectable NSCLC without known ALK translocations or EGFR
mutations, the emergence of neoadjuvant immunotherapy
combined with chemotherapy could markedly prolong the event-
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FIGURE 3

The 18F-FDG PET/CT examination (August 3, 2022). 18-FDG PET/CT shows robust 18-FDG uptake in the left lung mass (SUVmax: 27.998) with a size

of 45 X 41 mm; no distant metastasis can be observed

free survival of patients and improve the pathological complete
response (pCR) rate, with no increase in the incidence of adverse
events, thereby suggesting survival benefits in patients (5). In the
present case report, we recommended neoadjuvant EGFR-TKI
treatment for NSCLC owing to the high response rate to
osimertinib. However, neoadjuvant targeted therapy for resectable
NSCLC with EGFR mutations is currently in its infancy. Based on
preliminary studies, EGFR-TKIs have good application prospects in
neoadjuvant therapy (2, 6). A phase III, randomized, controlled,
multicenter, three-arm study assessing neoadjuvant targeted
therapy with EGFR-TKI is ongoing (NeoADAURA) (7). The
duration of neoadjuvant targeted therapy was found to vary
across different clinical studies and was frequently less than 90
days; the optimal neoadjuvant duration remains uncertain (8, 9).
Considering the present patient, the need for prolonged
neoadjuvant targeted therapy could be attributed to poor compliance.
However, surgery was not performed despite successful downgrading
on the first radiographic assessment of PR after 210 days of osimertinib
therapy. In patients with advanced NSCLC harboring EGFR mutations,

PR(210days)
1

Pulmonary adenocarcinoma
of the left lower lung
Clinical stage ITIA (cT4NOMO0)
EGFR exon 19Del and TP53

mutations

Osimertinib

Ultrasound-guide
puncture
histopathology

December 2, 2021

August 1,2022

FIGURE 4
A summary of the treatment strategy employed in this patient.
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osimertinib combined with chemotherapy remains safe and tolerable
despite increased toxicity (10). Currently, the NeoADAURA study is
recruiting patients to evaluate neoadjuvant osimertinib with or without
chemotherapy versus chemotherapy alone prior to surgery in patients
with operable stage II-IIIB N2 EGFR mutation NSCLC (7). The findings
of the NeoADAURA study will likely clarify the most effective
combination strategy for neoadjuvant therapy.

TP53 is the most common co-mutant gene in patients with
NSCLC carrying EGFR mutations. In addition, TP53/EGFR co-
mutations have been associated with poor prognosis (11). Targeted
therapy combined with chemotherapy can afford considerable
survival benefits in patients with TP53 mutations and a poor
prognosis. Moreover, TP53 mutations can shorten the relapse time
in postoperative patients who are more likely to benefit from targeted
therapy combined with chemotherapy (12). Herein, the postoperative
pathology of the patient indicated carcinosarcoma. Establishing
whether sarcoma components carry EGFR and TP53 mutations
could help further elucidate the pathogenesis of carcinosarcoma
and guide postoperative adjuvant therapy. Reportedly, both EGFR

sPR(42days)
1

| Osimertinib
and
| Chemotherapy

August 3,2022
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and TP53 mutations exhibit a certain mutation frequency in patients
with PCS; however, limited patients carry the same gene mutations in
both components (13). Related cases have reported that both
pulmonary adenocarcinoma and sarcoma components can
simultaneously carry EGFR Exon 19Del mutation (14, 15),
corroborating the theory of monoclonal histogenesis (13). In the
present case report, we successfully separated the carcinoma and
sarcoma components using microdissection technology, revealing
that both components harbored TP53 and EGFR mutations using
NGS (Supplementary Material).

In the ADAURA study (16), disease-free survival (DFS) was
documented in patients who received adjuvant chemotherapy
(hazard ratio [HR] = 0.16, 95% confidence interval [CI]: 0.10-0.26),
as well as in those who did not receive adjuvant chemotherapy (HR =
0.23, 95% CI: 0.13-0.40). The authors found that the DFS of the
osimertinib group was superior to that of the placebo group regardless
of disease stage (stage IB-IITA). However, the ADAURA study failed to
clarify whether the combination adjuvant chemotherapy should be
undertaken. The Lung Adjuvant Cisplatin Evaluation (LACE) study
(17) revealed that cisplatin-based chemotherapy could significantly
improve overall survival (OS) and DFS of the overall population, and
the absolute OS rate could be significantly increased by 5.4% in 5 years.
However, the OS of stage IB patients was not significantly improved
(HR = 0.92, 95% CI: 0.78-1.10). According to the CALGB9633 study
(18), some patients with stage IB NSCLC (with high-risk factors) could
benefit from postoperative adjuvant chemotherapy. Therefore,
adjuvant chemotherapy should not be recommended for stage IB
NSCLC except in the presence of pathological risk factors for relapse.
In addition, studies have evaluated and demonstrated the potential of
circulating tumor DNA-minimal residual disease in predicting the risk
of disease recurrence and the benefit of adjuvant chemotherapy post-
surgery; however, these results need to be further confirmed in future
investigations (19, 20). Moreover, adjuvant immunotherapy may afford
limited or uncertain benefits in patients with lung cancer harboring
EGFR mutations (21), and related phase II clinical studies are being
conducted (22). Large-scale, prospective, phase III, randomized
controlled clinical studies are urgently needed for further validation.

In conclusion, this is a successful case of radical surgery after
neoadjuvant therapy for stage IIIA PCS with EGFR 19DEL
mutation, which also provides specific clinical experience and
guidance for perioperative therapy for oncogene-driven NSCLC.
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lung cancer patients: Real-world
data of a retrospective, dual-
center study

Kailun Fei**, Gang Guo**, Jie Wang'?, Zhijie Wang*?,

Yan Wang'? Xuezhi Hao™?, Jia Zhong™?, Qinxiang Guo®,

Wei Guo®, Wenzhong Su®, Likun Zan®, Jiaxi Xu’, Fengwei Tan"™,
Xiaofei Zhuang*® and Jianchun Duan™***

State Key Laboratory of Molecular Oncology, National Cancer Center/National Clinical Research
Center for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical
College, Beijing, China, 2Department of Medical Oncology, National Cancer Center/National Clinical
Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and Peking
Union Medical College, Beijing, China, *The Second Clinical Medical College of Shanxi Medical
University, Taiyuan, China, “Department of Thoracic Surgery, Shanxi Province Cancer Hospital/Shanxi
Hospital Affiliated to Cancer Hospital, Chinese Academy of Medical Sciences/Cancer Hospital
Affiliated to Shanxi Medical University, Taiyuan, China, *Department of Medical Oncology, Shanxi
Province Cancer Hospital/Shanxi Hospital Affiliated to Cancer Hospital, Chinese Academy of Medical
Sciences/Cancer Hospital Affiliated to Shanxi Medical University, Taiyuan, China, éDepartment of
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Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College,
Beijing, China, ®Department of Cardiothoracic Surgery, Lvliang People's Hospital, Lvliang,

Shanxi, China

Background: Studying the application of neoadjuvant immunochemotherapy
(NICT) in the real world and evaluating its effectiveness and safety in comparison
with neoadjuvant chemotherapy (NCT) are critically important.

Methods: This study included the II-1lIB stage non-small cell lung cancer
(NSCLC) patients receiving NCT with or without PD-1 inhibitors and
undergoing surgery after neoadjuvant treatments between January 2019 to
August 2022. The clinical characteristics and treatment outcomes were
retrospectively reviewed and analyzed.

Results: A total of 66 patients receiving NICT and 101 patients receiving NCT
were included in this study. As compared to NCT, NICT showed similar safety
while not increasing the surgical difficulty. The ORR in the NICT and NCT groups
was 74.2% and 53.5%, respectively, P = 0.009. A total of 44 patients (66.7%) in the
NICT group and 21 patients (20.8%) in the NCT group showed major pathology
response (MPR) (P <0.001). The pathology complete response (pCR) rate was
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also significantly higher in NICT group than that in NCT group (45.5% vs. 10.9%, P
<0.001). After Propensity Score Matching (PSM), 42 pairs of patients were
included in the analysis. The results showed no significant difference in the
ORR between the two groups (52.3% vs. 43.2%, P = 0.118), and the proportions of
MPR (76.2%) and pCR (50.0%) in NICT group were significantly higher than those
of MPR (11.9%) and pCR (4.7%) in the NCT group (P <0.001). The patients with
driver mutations might also benefit from NICT.

Conclusions: As compared to NCT, the NICT could significantly increase the
proportions of patients with pCR and MPR without increasing the operation-
related bleeding and operation time.

KEYWORDS

non-small cell lung cancer, neoadjuvant immunochemotherapy, neoadjuvant

chemotherapy, pathological response, real world study

Introduction

Non-small cell lung cancer (NSCLC) is a highly invasive cancer
type. Some patients show recurrence even after surgery. Among the
locally advanced NSCLC patients, a recurrence rate of 70% and a
long-term survival rate of less than 30% are observed even after
radical surgery (1, 2). The five-year event-free survival (EFS) rate of
NSCLC patients ranges from 68% for those with stage IB to 36% for
those with stage IIIA (2). By inducing the downstaging of a tumor,
preoperative chemotherapy might increase the RO resection rate for
patients with stage IB-IITA NSCLC. Although preoperative
chemotherapy has shown marginal improvements, the survival
rate is only 5.4% higher than that of surgery alone (3). For
neoadjuvant chemotherapy (NCT), only a few patients have
shown pathological complete response (pCR) (median: 4%, range:
0 to 16%) and major pathological response (MPR) (4-8). Numerous
studies have confirmed that pCR and MPR are closely correlated
with local control, disease free survival (DFS), and overall survival
(OS). Moreover, pCR and MPR are used as potential early
predictors of survival (9).

The anti-programmed cell death 1 (PD-1)/programmed cell
death ligand 1 (PD-L1) immunotherapies have revolutionized the
treatment of metastatic and advanced-stage NSCLC (10, 11). The
NADIM and LCMC-3 studies demonstrated the potential of
neoadjuvant immunotherapy for NSCLC patients (12, 13). The
CHECKMATE-816 study, a phase III clinical trial, confirmed that
as compared to chemotherapy, neoadjuvant immunochemotherapy
(NICT) could significantly increase the number of patients with
pCR (24.0% vs. 2.2%) among the patients with stage IB-IIIA
NSCLC, while the combination of neoadjuvant immunotherapy
with chemotherapy remarkably prolonged the EFS (31.6 months vs.
20.8 months) (14). The NADIM II study highlighted that as
compared to NCT, the NICT improved the MPR rate of patients
with stage IIIA-B NSCLC (52.6% vs. 13.8%), enabling more patients
to receive surgical treatment (93% vs. 69%) (15). However, whether
the application of neoadjuvant therapy will increase the difficulty of
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surgery is an important concern. The previous studies suggested
that neoadjuvant immunotherapy could slightly increase drug-
related adverse reactions but did not significantly increase the risk
of surgery.

These studies supported the application of immunochemotherapy
for neoadjuvant treatment. However, the patients in clinical settings are
highly selected, and the efficacy of NICT in the real-world environment
requires further investigation. Based on this, the current study
retrospectively analyzed the real-world data of NICT in Cancer
Hospital, Chinese Academy of Medical Sciences and Shanxi
Provincial Cancer Hospital to explore its effectiveness and safety.

Patients and methods
Patients

In this study, the resectable NSCLC patients treated with NCT
with or without PD-1 inhibitors at two centers, including the
National Cancer Center/National Clinical Research Center for
Cancer/Cancer Hospital, Chinese Academy of Medical Sciences
and Peking Union Medical College, Beijing, and Shanxi Provincial
Cancer Hospital of Chinese Academy of Medical Sciences, Shanxi,
from January 2019 to August 2022. The inclusion criteria were as
follows: 1) the patients with stage II-ITIB NSCLC confirmed using
imaging and histological examination before surgery; 2) the
patients, who received feasible neoadjuvant therapy after an
assessment; 3) the patients with Eastern Cooperative Oncology
Group (ECOG) performance status (PS) score of 0 or 1; and 4)
the patients, who underwent surgery after neoadjuvant treatment.
Two researchers reviewed the clinical data of the patients from both
centers, screened the neoadjuvant patients, which met the
requirements, and collected the clinical baseline information,
treatment response, and follow-up data. The baseline data
included age, gender, and smoking history, and clinical features
included comorbidities, primary lesion size, and location, while
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efficacy evaluation included imaging evaluation, pathological
evaluation, and adverse reactions.

Treatment methods

A total of 167 patients were divided into the NICT group (n =
66, treated with neoadjuvant PD-1 inhibitors in combination with
chemotherapy) and the NCT group (n = 101, treated with
chemotherapy only). All patients received conventional platinum-
based doublets chemotherapy (cisplatin/carboplatin/nedaplatin/
lobaplatin) (21 days per cycle). For the NICT group patients,
Tislelizumab (26 cases, 39.4%), Camrelizumab (12 cases, 18.2%),
Nivoliumab (10 cases, 15.2%), Pembrolizumab (9 cases, 13.6%),
Sintilizumab (8 cases, 12.1%), and Toripalimab (1 case, 1.5%) were
used. All the patients received video-assisted thoracic surgery
(VATS) or traditional open thoracotomy.

Evaluation

The image evaluation was performed by the researchers based
on Response Evaluation Criteria in Solid Tumors version 1.1
(RECIST vl1.1). Imaging was performed every two cycles or before
the operation, and the treatment effects were evaluated by
comparing preoperative images with baseline images. Objective
response rate (ORR) was defined as the proportion of patients,
who have a complete response (CR) or partial response (PR) to the
treatments; it was evaluated based on RECIST vl.1. The
pathological assessment was performed after surgery by
professional pathologists based on the proportion of remaining
tumor cells. If the proportion of residual tumor cells was less than
10%, it was defined as an MPR, and if no tumor cells were
remaining, it was defined as pCR (16, 17). The treatment-related
adverse events were assessed based on the Common Terminology
Criteria for Adverse Events (CTCAE) version 5.0 published by the
US Department of Health and Human Services (18).

Follow up

During follow-up, the data of time to recurrence, site of
recurrence, and survival date were collected. The patients were
followed up once every three months for two year and every six
months till November, 2022 (endpoint of study). At the endpoint of
the study, the patients, who had not yet relapsed and those, who were
still alive were analyzed for disease-free and overall survival. DFS was
defined as the time from the patient’s surgery until the first discovery
of disease recurrence or death, and OS was defined as the time from
the discovery of the disease to the last follow-up or death of the patient.

Statistical analyses

The continuous variables were expressed as means, medians,
standard deviations, and ranges and analyzed using the Mann-
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Whitney U test and Kruskal-Wallis test to measure the best
response outcome. The categorical variables were expressed as
frequency and relative frequency and analyzed using Fisher’s
exact test. The DFS of patients was identified using the Kaplan-
Meier (KM) survival curve analysis and log-rank test. The clinical
characteristics, including age, gender, smoking habits, comorbidity,
ECOG score, cT stage, cN stage, and ¢TNM, histology,
differentiation, and neoadjuvant treatment choice, were balanced
using the PSM method in both the groups and analyzed using the
nearest-neighbor method with a ratio of 1:1 without replacement
and a 0.02-caliper width.

Results
Baseline characteristics of the patients

A total of 167 patients with resectable NSCLC, including 66
patients receiving NICT and 101 patients receiving NCT, were
enrolled in this study. There were no significant differences in the
clinical characteristics and baseline demographic characteristics
between the two groups (Table 1). The majority of the enrolled
patients were males, accounting for 89.4% and 80.2% of the NICT
and NCT groups, respectively (P = 0.136), while the patients with
ages above 60 years accounted for 40.9% and 50.5% in the two
groups, respectively (P = 0.268). There were no significant
differences in smoking and drinking habits and comorbidities of
the patients between the two groups. Most patients showed
excellent PS before neoadjuvant treatment in both groups
(ECOG = 0, 45.5% and 1, 54.5%). The cT staging, cN staging,
and ¢TNM grading before neoadjuvant therapy were similar
between the two groups, showing no significant difference. Lung
squamous cell carcinoma was the main pathological type among the
NSCLC patients in both groups (78.8% and 64.4%, P = 0.057).
Additionally, there were cases of squamous cell carcinoma with
neuroendocrine differentiation in the NICT (4 cases, 6.1%) and
NCT (2 cases, 2.0%) groups. Moreover, there was also one patient
with adeno-squamous carcinoma in the NICT group. The
pathological differentiation degree of patients mainly included low
differentiation, accounting for 62.1% and 72.3% in the NICT and
NCT groups, respectively (P = 0.374). Imaging showed that the
tumor maximum tumor diameter (MTDs) in both groups were
5.383 cm and 4.500 cm respectively (P = 0.049). Both the groups
received 1-4 cycles of neoadjuvant therapy before surgery, and most
patients (75.8% and 76.2% in the NICT and NCT groups,
respectively) underwent radical surgical resection of NSCLC after
two cycles of neoadjuvant therapy. In this study, the number of
patients receiving cisplatin chemotherapy was significantly more in
the NCT group (51.5%) as compared to those in the NICT group
(15.2%, P <0.001).

PSM analysis was used to more accurately evaluate and
compared the effectiveness and safety of NICT and NCT. PSM
analysis included twelve baseline factors, including age, gender,
smoking habits, comorbidity, ECOG score, cT stage, cN stage,
c¢TNM, histology, differentiation, cycles of neoadjuvant treatment,
and balance of cisplatin usage between the two groups (Table 2). A
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TABLE 1 Baseline clinical and sociodemographic characteristics of patients.

Type of neoadjuvant treatment

Total n=167 (%)

NICT n=66 (%) NCT n=101(%)
Sex
Male, n (%) 140 (83.8%) 59 (89.4%) 81 (80.2%)
0.136
Female, n (%) 27 (16.2%) 7 (10.6%) 20 (19.8%)
‘ Age
260 years, n (%) 78 (46.7%) 27 (40.9%) 51 (50.5%)
0.268
<60 years, n (%) 89 (53.3%) 39 (59.1%) 50 (49.5%)
‘ Smoking history
Yes, n (%) 122 (73.1%) 51 (77.3%) 71 (70.3%)
0.374
No, n (%) 45 (26.9%) 15 (22.7%) 30 (29.7%)
‘ Drinking history
Yes, n (%) 60 (35.9%) 25 (37.9%) 35 (34.7%)
0.742
No, n (%) 107 (64.1%) 41 (62.1%) 66 (65.3%)
‘ Comorbidity
Yes, n (%) 61 (18,3%) 25 (18.9%) 36 (17.8%)
0.885
No, n (%) 273 (81.7%) 107 (81.1%) 166 (82.2%)
‘ ECOG
0, n (%) 76 (45.5%) 30 (45.5%) 46 (45.5%)
1.000
1, n (%) 91 (54,5%) 36 (54,5%) 55 (54,5%)
MTD in imaging (cm) 5.383 + 1.871 4.500 + 1.997 0.049
‘ Clinical T stage
cTLn (%) 18 (10.1%) 6 (7.8%) 12 (11.9%)
cT2,n (%) 60 (33.7%) 23 (29.9%) 37 (36.6%)
0.509
cT3,n (%) 56 (31.5%) 26 (33.8%) 30 (29.7%)
cT4,n (%) 44 (24.7%) 22 (28.6%) 22 (21.8%)
Clinical N stage
NO,n (%) 14 (8.4%) 8 (12.1%) 6 (5.9%)
N1,n (%) 49 (29.3%) 22 (33.3%) 27 (26.7%) 0.194
N2,n (%) 104 (62.3%) 36 (54.5%) 68 (67.3%)
‘ Clinical TNM stage
IIA, n (%) 2 (1.2%) 1 (1.5%) 1 (1.0%)
IIB, n (%) 21 (12.6%) 12 (18.2%) 9 (8.9%)
0.253
A, n (%) 102 (61.1%) 36 (54.5%) 66 (65.3%)
IIIB, n (%) 42 (25.1%) 17 (25.8%) 25 (24.8%)
‘ Histology type
Squamous 117 (70.1%) 52 (78.8%) 65 (64.4%)
0.057
Non-squamous 50 (29.9%) 14 (21.2%) 36 (35.6%)
‘ Pathological differentiation
(Continued)
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TABLE 1 Continued

Total n=167 (%)

10.3389/fonc.2023.1145303

Type of neoadjuvant treatment

NICT n=66 (%) NCT n=101(%)

High 2 (1.2%) 1(1.5%) 1 (1.0%)
Medium 51 (30.5%) 24 (36.4%) 27 (26.7%) 0.374
Low 114 (68.3%) 41 (62.1%) 73 (72.3%)
Treatment cycles
1 cycles 11 (6.6%) 3 (4.5%) 8 (7.9%)
2 cycles 127 (76.0%) 50 (75.8%) 77 (76.2%)
3 cycles 22 (13.2%) 10 (15.2%) 12 (11.9%) 0.807
4 cycles 7 (42%) 3 (4.5%) 4 (4.0%)
Median (IQR) 2(£0) 2(+0)
Cisplatin
Yes, n (%) 62 (37.1%) 10 (15.2%) 52 (51.5%)
<0.001
No, n (%) 105 (62.9%) 56 (84.8%) 49 (48.5%)

NCT, neoadjuvant chemotherapy; NICT, neoadjuvant immunochemotherapy; MTD, maximum tumor diameter; IQR, interquartile range.

total of 42 patients receiving NICT and 42 patients receiving NCT
were matched.

Perioperative-related indicators

All the patients underwent radical tumor surgery within 16 to
42 days of the last cycle of neoadjuvant therapy with no surgical
delay (with intervals exceeding the prescribed 42 days). Most

patients in the NICT and NCT groups, accounting for 81.8% and
67.3% (P = 0.050), respectively, were mainly assisted by VATS. It
could not be determined that the NICT group patients were more
conducive to using VATS surgery (Table 3). Unilateral lobectomy
was the main choice for the patients in the NICT and NCT groups
(56.1% and 49.5%, respectively). Extensive resection was mainly
unilateral lobectomy or unilateral combined lobectomy (18.2% or
13.6% in the NICT group and 15.8% or 23.8% in the NCT group,
respectively). Wedge resection and sleeve resection were used for

TABLE 2 Baseline clinical and sociodemographic characteristics of patients after PSM.

Total n=84 (%)

Type of neoadjuvant treatment

NICT n=42 (%) NCT n=42 (%)

Sex
Male, n (%) 73 (86.9%) 37 (88.1%) 36 (85.6%)
0.748
Female, n (%) 11 (13.1%) 5 (11.9%) 6 (14.4%)
‘ Age
260 years, n (%) 43 (51.2%) 23 (54.8%) 20 (47.6%)
0.513
<60 years, n (%) 41 (48.8%) 19 (45.2%) 22 (52.4%)
‘ Smoking history
Yes, n (%) 59 (70.2%) 32 (76.2%) 27 (64.3%)
0.233
No, n (%) 25 (29.8%) 10 (23.8%) 15 (35.7%)
‘ Comorbidity
Yes, n (%) 34 (40.5%) 18 (42.9%) 16 (38.1%)
0.657
No,n (%) 50 (59.5%) 24 (57.1%) 26 (61.9%)
‘ ECOG
(Continued)
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TABLE 2 Continued

Total n=84 (%)

10.3389/fonc.2023.1145303

Type of neoadjuvant treatment

NICT n=42 (%) NCT n=42 (%)

0, n (%) 13 (15.5%) 6 (14.3%) 7 (16.7%)
0.763
1, n (%) 71 (84.5%) 36 (85.7%) 35 (83.3%)
Clinical T stage
Tl n (%) 11 (13.1%) 4 (9.6%) 7 (16.7%)
cT2, n (%) 33 (39.3%) 14 (33.3%) 19 (45.2%)
0.363
cT3, n (%) 23 (27.4%) 14 (33.3%) 9 (21.4%)
cT4, n (%) 17 (20.2%) 10 (28.6%) 7 (16.7%)
Clinical N stage
NO,n (%) 8 (9.5%) 5 (11.9%) 3 (3.6%)
NLn (%) 27 (32.1%) 14 (33.3%) 13 (31.0%) 0.696
N2,n (%) 49 (58.3%) 23 (54.8%) 26 (61.9%)
Clinical TNM stage
1IA, n (%) 3 (3.6%) 1 (2.4%) 2 (4.8%)
1IB, n (%) 12 (14.3%) 6 (14.3%) 6 (14.3%)
0.544
IIIA, n (%) 59 (70.2%) 28 (66.7%) 31 (73.8%)
1B, n (%) 10 (11.9%) 7 (16.7%) 3 (7.1%)
Pathological type
Squamous 60 (70.1%) 30 (78.8%) 30 (64.4%)
1.000
Non-squamous 24 (29.9%) 12 (21.2%) 12 (35.6%)
Pathological differentiation
Medium 40 (47.6%) 24 (57.1%) 16 (38.1%)
0.081
Low 44 (52.4%) 18 (42.9%) 26 (61.9%)
Treatment cycles
1 cycles 7 (8.3%) 2 (4.8%) 5 (11.9%)
2 cycles 63 (75.0%) 33 (78.6%) 30 (71.4%)
3 cycles 8 (9.5%) 4 (9.5%) 4(9.5%) 0.689
4 cycles 6 (7.1%) 3 (7.1%) 3 (7.1%)
Median (IQR) 2(+0) 2(%0)
Cisplatin
Yes, n (%) 40 (47.6%) 21 (50.0%) 19 (45.2%)
0.662
No,n (%) 44 (52.4%) 21 (50.0%) 23 (54.8%)

NCT, neoadjuvant chemotherapy; NICT, neoadjuvant immunochemotherapy; IQR, interquartile range.

1.5% and 10.6% of the NICT group patients and 1.0% and 9.9% of
the NCT group patients, respectively. There were no significant
differences in tumor resection (P = 0.581) and operation time
(150 min and 170 min, respectively, for the NICT and NCT
groups) (P = 0.108). The amount of blood loss from the patients
in the NICT group (50.0 + 227.2 mL) was significantly lower than
that in the NCT group (170.000 + 142.663 mL, P <0.001). There

Frontiers in Oncology

were no perioperative-related deaths or re-hospitalization due to
surgical complications in both groups.

The post-PSM analysis (Table 4) showed that the incidence of
drug-related adverse reactions in both groups was slightly 47.6%,
and none of them were above grade 3 in both groups. There were no
significant differences between the two groups in terms of surgical
approach, resection range, operation time, and the number of
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TABLE 3 Comparison of treatment modality and surgical outcomes for NSCLC patients.

Type of neoadjuvant treatment

Total n=167 (%) p-value
NICT n=66 (%) NCT n=101(%)

Extent of resection
Pneumonectomy 28(16.8%) 12(18.2%) 16(15.8%)
Lobectomy 87(52.1%) 37(56.1%) 50(49.5%)
Bilobectomy 33(19.8%) 9(13.6%) 24(23.8%) 0.581
Local resection 2(1.2%) 1(1.5%) 1(1.0%)
Sleeve 17(10.2%) 7(10.6%) 10(9.9%)
Operation time (min) 150.000 + 50.439 170.000 * 59.186 0.108
Intraoperative blood loss (ml) 50.000 + 227.182 170.000 + 142.663 <0.001
Total lymph nodes resected 19.32 + 9.46 16.31 + 5.43 0.198

VATS, video-assisted thoracic surgery; Mann-Whitney U test and Fisher’s exact test were used.

lymph node dissections. The blood loss from the patients in the = 74.2% and 53.5% in the NICT and NCT groups, respectively (P =
NICT group was still lower than that from the patients in the NCT ~ 0.009). The pathological analysis after surgery showed significantly
group (176.13 + 264.93 mL vs. 182.42 £ 162.37 mL, P = 0.025). higher MPR in 44 patients (66.7%) in the NICT group as compared
to that in 21 patients (20.8%) in the NCT group (P <0.001). The

PCR rate was also significantly higher in the NICT group than that

pCR and MPR in the NCT group. (45.5% vs. 10.9%, P <0.001). After PSM, there
was no significant difference in ORR between the NICT and NCT

As listed in Table 5, radiographic response evaluation was  groups (52.3% vs. 43.2%, P = 0.118), and the proportions of MPR
performed in all the patients before surgery, showing the ORR of  (76.2%) and pCR (50.0%) were significantly higher in the NICT

TABLE 4 Comparison of treatment modality and surgical outcomes for NSCLC patients after PSM.

Type of neoadjuvant treatment

Total n=84 (%) p-value
NICT n=42 (%) NCT n=42(%)
TRAEs related to drugs
Yes 40 (47.6%) 20 (47.6%) 20 (47.6%)
1.000
No 44 (52.4%) 22 (52.4%) 22 (52.4%)
‘ Surgical approach
Thoracotomy 23 (27.4%) 8(19.0%) 15 (35.7%)
0.087
VATS 61 (72.6%) 34 (81.0%) 27 (64.3%)
‘ Extent of resection
Pneumonectomy 11 (13.1%) 4 (9.5%) 7 (16.7%)
Lobectomy 41 (48.8%) 22 (52.4%) 19 (45.2%)
0.632
Bilobectomy 24 (28.6%) 11 (26.2%) 13 (31.0%)
Sleeve 8 (9.5%) 5(11.9%) 3(7.1%)
Operation time (min) 166.22 + 50.55 169.10 £ 52.11 0.763
Intraoperative blood loss (ml) 176.13 + 264.93 182.42 + 162.37 0.025
RO resection
Yes, n(%) 80 (95.2%) 41 (15.2%) 39 (51.5%)
0.608
No, n (%) 4 (4.8%) 1 (84.8%) 3 (48.5%)
Total lymph nodes resected 18.54 + 10.46 15.31 + 6.43 0.208

VATS, video-assisted thoracic surgery; Mann-Whitney U test and Fisher’s exact test were used.

Frontiers in Oncology 105 frontiersin.org


https://doi.org/10.3389/fonc.2023.1145303
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Fei et al.

TABLE 5 Comparison of treatment effectiveness in NSCLC patients.

10.3389/fonc.2023.1145303

Before PSM After PSM
p-value
NICT n=66 (%) NCT n=101(%) NICT n=44 (%) NCT n=44(%)

ORR(PR+CR)
Yes, n (%) 49 (74.2%) 54 (53.5%) 22 (52.3%) 19 (43.2%)

0.009 0.118
No, n (%) 17 (25.8%) 47 (46.5%) 20 (47.7%) 23 (56.8%)
pCR
Yes, n(%) 30 (45.5%) 11 (10.9%) 21 (50.0%) 2 (4.7%)

<0.001 <0.001
No, n (%) 36 (54.5%) 90 (89.1%) 21 (50.0%) 40 (95.3%)
MPR
Yes, n(%) 44 (66.7%) 21 (20.8%) 32 (76.2%) 5 (11.9%)

<0.001 <0.001
No, n (%) 22 (33.3%) 80 (79.2%) 10 (23.8%) 37 (88.1%)

ORR, Objective response rate, the proportion of patients who typically achieved a 30% reduction in tumor volume and maintained it for more than 4 weeks; total response (CR) and partial

response (PR).

group than those (11.9% and 4.7%, respectively) in the NCT group
(P <0.001).

Outcomes of DFS

At the endpoint of this study (November 15, 2022), the median
follow-up of patients in the NICT group was 9.7 months (range: 2.5-
28.7 months), while that of patients in the NCT group was 23.0
months (range: 2.6-44.5 months). Only 4 (6.1%) and 23 (22.8%)
patients in NICT and NCT groups, respectively, showed disease
recurrence, which might be due to the limited follow-up time. After
PSM, as compared to the NCT group, the NICT group showed a
decreasing trend in the disease progression risk; however, the
difference was not statistically significant (HR 0.46, 95% CI, 0.17-
1.25, P = 0.171) (Figure 1).

Efficacy in patients with driver mutations

In the NICT and NCT groups, a total of 19 and 39 patients
underwent genetic screening after surgery, respectively. The results
identified 5 and 13 patients with driver mutations in the NICT and

>

DFS before PSM
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(95% CI, 0.26 to 1.6)
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Disease free survival (%)
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FIGURE 1

NCT groups, respectively. The specific mutation information of the
patients is listed in Supplementary Table SI. Due to the limited
number of cases, statistical analysis was not conducted. In the NICT
group, 3 (60%) patients with positive driver mutation showed MPR
(one patient showed pCR), and 3 (23.1%) patients showed MPR
(one patient showed pCR) in the NCT group (Table 6).

Discussion

In this study, the efficacy and safety of NICT and NCT were
compared using dual-center real-world data. The results showed
that NICT resulted in a significantly higher pCR ratio (45.5% vs.
10.9%, P <0.001) and MPR ratio (66.7% vs. 20.8%, P <0.001) as
compared to those of the NCT group, which might reduce the risk
of disease recurrence. Furthermore, the baseline and neoadjuvant
treatment characteristics of the two groups were balanced using the
PSM method, which verified that NICT significantly improved the
pCR and MPR without increasing the surgical risk.

The CHECKMATE-816 study confirmed that the application of
NICT in NSCLC patients could improve the EFS of patients as
compared with that of NCT. However, the real-world data
comparing NICT with NCT is still relatively limited (19, 20).
Therefore, the current study compared the data of dual-center

DFS after PSM
= 1003 —— NICT
® —= NCT
2
g
7] Hazard ratio for disease progression,
3 504 disease recurrence, or death, 0.47
‘: (95% CI, 0.16 to 1.39)
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Disease free survival Summary. There was no statistically significant difference in DFS before or after PSM.
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TABLE 6 Pathological response of patients with driver mutations and wild-type.

Driver mutation

NICT n=5 (%)

NCT n=13 (%)

Wild-type

NICT n=61 (%) NCT n=88 (%)

pCR
Yes, n (%) 1 (20.0%) 1.(7.7%) 29 (47.5%) 10 (11.4%)
No, n (%) 4 (80.0%) 12 (92.3%) 32 (52.5%) 78 (88.6%)
MPR
Yes, n (%) 3 (60.0%) 3 (23.1%) 41 (67.2%) 18 (20.5%)
No, n (%) 2 (40.0%) 10 (76.9%) 20 (32.8%) 67 (79.5%)

Due to the limited numbers of cases, statistical analysis was not conducted.

NICT with NCT. The results suggested that NICT might improve
the pCR and MPR of patients.

Several phase III studies and meta-analyses suggested that as
compared to surgery alone, NCT could reduce the death risk of
NSCLC patients by 13% to 16% and show a 5% benefit in their five-
year survival (3, 7, 21). A PSM study analyzed 92 pairs of patients
with ¢T2-4N0-1M0 NSCLC receiving adjuvant chemotherapy or
NCT. The results showed no significant difference in the prognosis
of patients between the two groups. Compared with surgery alone,
neoadjuvant chemotherapy and adjuvant chemotherapy can
improve the 5-year survival rate by about 5% (22). NCT could
significantly improve the prognosis of patients as compared to
surgery alone, but about 5% of the patients receiving NCT could not
accept surgery due to disease progression, adverse reactions, and
other factors (6, 7); therefore, NCT is mostly used for the patients,
who are initially at risk of failing to achieve RO resection. Compared
with NCT, NCT combined with radiotherapy can further improve
the RO resection rate and prognosis of patients, but neoadjuvant
radiotherapy improves the incidence of postoperative
complications, so it is not widely used. The CHECKMATE-816
study included patients with stage IB to IIIA [according to 7
edition American Joint Committee on Cancer (AJCC)] NSCLC.
The subgroup analysis revealed that stage IIIA or IB-II NSCLC
patients treated with NICT could obtain higher pCR and MPR
rates. However, the NICT could significantly improve the EFS of
patients with stage IIIA disease only. For patients with IB-II
NSCLC, whether the improvement of pCR and MPR rates can
translate into EFS and OS benefits remains to be further studied. For
patients with stage IIIA-B, whether NICT can replace neoadjuvant
radiotherapy and chemotherapy remains to be further explored. For
stage ITIA-B patients, NICT can improve MPR rate and EFS, and
has the potential to replace NCT combined with radiotherapy.

The 7th edition of the AJCC staging manual classified T3N2MO0
patients as stage IIIA patients, while the 8" edition classified them
as stage ITIB patients (2). The patients with stage ITIB NSCLC in this
study were initially resectable patients, excluding patients with N3
lymph node-positive. For the N2-positive patients, due to the risk of
failing to achieve RO resection, other treatment options, including
concurrent chemoradiotherapy, surgery after neoadjuvant
chemoradiotherapy, and surgery after induced chemotherapy are
available (23-25). For operatable patients, surgery can improve the
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OS. As compared to NCT, NICT can improve the prognosis;
however, it might cause difficulty in surgery, thereby limiting its
application. Based on this study and previous studies, as compared
with NCT, NICT did not lead to longer operation time, more
bleeding, and higher perioperative complication rates (19, 26).
Therefore, NICT might become one of the best treatment options
for N2-positive patients.

Unlike the previous studies, which did not include patients with
driver mutations or did not involve relevant gene screening, this
study included some patients with driver mutations, the details of
which are provided in Supplementary Table 1. In this study, the
NICT group included 3 patients with epidermal growth factor
receptor (EGFR) mutations, one patient with anaplastic
lymphoma tyrosine kinase gene (ALK) fusion, and one patient
with ROS proto-oncogene 1 (ROS1) fusion. Among these, 3 patients
showed MPR (including one pCR). The NCT group included 9
patients with EGFR mutations, 3 patients with ALK fusion, and one
patient with ROS1 fusion. Among these, only 3 patients showed
MPR (including one pCR). This proportion was significantly lower
than that in the NICT treatment group. All patients with EGFR
mutation received EGFR-TKIs adjuvant treatment after surgery,
while patients with ALK and ROS1 fusion did not receive targeted
drug treatment after surgery, and none of the above patients had
disease recurrence. Previous studies suggested that the MPR rate of
patients with EGFR mutations, receiving neoadjuvant targeted
therapy, was low (5% to 24.2%) (27-30). A multicenter study
suggested that the patients with positive driver genes might still
benefit from NICT treatment (31); these results were consistent
with those observed in the our study. The selection of perioperative
treatment and improvement the survival of these patients by NICT
require further exploration.

As a retrospective study, this study was limited by the sample
size and included only 42 patients in the analysis after PSM. This
limitation made the subgroup analysis of patients, benefiting from
NICT, impossible. Due to the short follow-up time and the
difference of median follow-up time between the two groups,
the data on DFS and OS in this study were not mature yet;
therefore, the validity of NICT was evaluated using pCR and
MPR as potential alternative endpoints. Therefore, for many
problems, including the best applicable population of NICT and
the best perioperative treatment strategy for patients with driver
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gene mutations, further prospective randomized controlled study is
needed to explore.

In conclusion, using the dual-center real-world data, this study
suggested that in clinical practices, the selection of patients with
new adjuvant therapy could be based on the resectable patients with
II-IIIB stage NSCLC. As compared with NCT, NICT could
significantly increase the proportion of pCR and MPR in the
patients without increasing the operation-related bleeding and
operation time.
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Association of early immune-
related adverse events with
treatment efficacy of
neoadjuvant Toripalimab in
resectable advanced non-small
cell lung cancer

Ye Tao, Xiang Li, Bing Liu, Jia Wang, Chao Lv, Shaolei Li,
Yuzhao Wang, Jinfeng Chen, Shi Yan* and Nan Wu*

Beijing Cancer Hospital, Peking University, Beijing, China

Background: Neoadjuvant immunotherapy with anti-PD-1 was proved
promising in resectable non-small cell lung cancer (NSCLC). Immune-related
adverse events (irAEs) have been preliminarily implicated their association with
treatment efficacy. Here we elucidated the early onset of irAEs associated with
better clinical outcomes in a prospective study (Renaissance study).

Methods: We conducted the prospective study of NSCLC patients treated by
neoadjuvant Toripalimab (240mg, every 3 weeks) plus double platinum-based
chemotherapy from December 2020 to March 2022 at Peking University Cancer
Hospital. Patients were enrolled if they have resectable II1B-1IIB NSCLC without
EGFR/ALK mutation. Data were analyzed to explore the relationship between clinical
outcome and irAEs after neoadjuvant treatment. A multidisciplinary team including
physicians, surgeons, and radiologists, confirmed the irAEs according to the clinical
manifestation. The relationship between irAEs and pathological outcomes was
analyzed. The Renaissance study was approved by the Peking University Ethic
board (2020YJZ58) and registered at https://clinicaltrials.gov/ as NCT04606303.

Results: Fifty-five consecutive patients were enrolled with a male-to-female ratio of
10:1, the median age was 62 years old (IQR: 45-76), of which 44 patients (80%) were
diagnosed with squamous cell carcinoma. Forty-eight of 55 patients finally received
thoracic surgery with a median preoperative waiting time of 67 days (IQR 39-113
days). Pathological results demonstrated that 31 (64.6%) patients achieved major
pathological response (MPR) and 24 (50.0%) achieved complete pathological
response (pCR). Among 48 patients who received RO resection, immunotherapy-
related thyroid dysfunction, rash/pruritus and enteritis occurred in 11 patients
(22.9%), 7 patients (14.6%), and 1 patient (2.1%), respectively. Six patients (54.5%)
with thyroid dysfunction achieved MPR with 5 (45.5%) achieved pCR, and a median
time to onset was 45 days (IQR 21-91 days). Six patients (85.7%) with rash or pruritus
achieved MPR and 5 patients (71.4%) achieved pCR, with median time to onset being
8 days (IQR 6-29 days). Furthermore, irAEs had no significant influence on operation
time (170.6 min vs 165.7 min, P=0.775), intraoperative blood loss (67.4 mL vs 64.3 mL,
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P=0.831) and preoperative waiting time (93 days vs 97 days, P=0.630) when
comparing with patients without irAEs (Figure 1).

Conclusion: The immunotherapy-related rash is potentially associated with
pathological outcomes in NSCLC patients after neoadjuvant chemo-
immunotherapy, suggesting easy-to-find irAEs, such as rash, can be used as
indicators to predict response to neoadjuvant chemo-immunotherapy.

Clinical trial registration: clinicaltrials.gov/, identifier NCT04606303.

KEYWORDS

immune-related adverse events, neoadjuvant, Toripalimab, non-small cell lung
cancer, immunotherapy

Introduction

Lung cancer counts as the leading cause of cancer-related death
worldwide (1). Only one-quarter of patients with non-small-cell
lung cancer (NSCLC) are diagnosed with early-stage disease and
eligible for curative-intent surgery (2). The emergence of
neoadjuvant therapy made it possible for locally advanced
patients to accept surgical resection (3), and the addition of
immunotherapy further improve the pathological outcomes of
these patients in CheckMate 816 trial (4) and several single arm
clinical trials compared with mono-chemotherapy (5-10).
Immunotherapy, a significant treatment emerging in the past
decade, has changed the paradigm of lung cancer treatment and
brought great benefits to patients with PD-L1-expressing, locally
advanced or metastatic NSCLC and locally advanced patients after
radical resection or concurrent chemoradiotherapy (11-15).

As to neoadjuvant treatment, it was reported in the CheckMate-
816 clinical trial that the median event-free survival was 31.6 months
with nivolumab plus chemotherapy, and the percentage of patients
with a pathological complete response (pCR) was 24.0% (4). Zhao et al.
(9) found that Toripalimab, a PD-1 monoclonal antibody, plus
platinum-based doublet chemotherapy yields a substantial major
pathological response (MPR) rate (50% in the per-protocol
population) with manageable toxicity and feasible resection in stage

Operation time
8
Intraoperative blood loss

‘Without irAEs With irAEs Without irAEs

FIGURE 1

III NSCLC. Toripalimab combined with stereotactic body radiation
therapy (SBRT) is also effective as a neoadjuvant regimen (16). There
are also a larger number of clinical trials of neoadjuvant chemotherapy
combined with immunotherapy (shown in the following chart). The
PCR rates and treatment-related adverse events (TRAE) occurrence
differ from 9% to 71% and 23% to 92.6%.

It is often observed in clinical practice that patients with
immune-related adverse events (irAEs) may be more likely to
achieve pCR after neoadjuvant immunotherapy. Some literature
has pointed out that the irAEs happened due to the activation of T
cells, which could help to kill the tumor cell. A retrospective study
reported that patients with irAEs showed improved effectiveness
over patients without irAEs (17, 18). To elucidate the association
between the occurrence of irAEs and the pCR/MPR rate after RO
resection, data was analyzed among resectable locally advanced
NSCLC patients to determine whether irAE could act as a
prognostic factor to predict the efficacy of immunotherapy.

Methods

Patients

We enrolled patients with resectable stage IIB-IIIB NSCLC
(according to the staging criteria of the American Joint Committee
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Comparison of operation time (A), intraoperative blood loss (B), and preoperative waiting time (C) between “with irAEs” and “without irAEs".
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on Cancer, 8th edition) without previous anticancer therapy, an
Eastern Cooperative Oncology Group performance-status score of 0
or 1 (on a 5-point scale in which higher scores reflect greater disability)
without EGFR/ALK mutation. Patients had to have measurable disease
according to the Response Evaluation Criteria in Solid Tumors, version
1.1, and pretreatment tumor tissue available to assess the expression of
programmed death ligand 1 (PD-L1). Patients with known ALK
translocations or EGFR mutations were excluded. The inclusion
criteria were: 1) cytological or histological confirmation of NSCLC;
2) primary staged as clinical or pathological stage IIB-IIIB; 3)
completed at least one cycle of immunotherapy. The exclusion
criteria were 1) EGFR/ALK mutation, 2) important organ
dysfunction before treatment; 3) did not complete a follow-up visit
of the first cycle at the time of data collection; 4) previously accepted
anti-tumor treatment.

Trial design and treatment

In the prospective study, NSCLC patients were treated with
neoadjuvant Toripalimab (240mg, every 3 weeks) plus double
platinum-based chemotherapy from December 2020 to March 2022
at Peking University Cancer Hospital. Patients received cisplatin 75mg/
m2 and pemetrexed 500 mg/m2 for adenocarcinoma, or cisplatin
75mg/m2 and nab-paclitaxel 260 mg/m2 for other subtypes on day 1-2
of each 21-day cycle. And intravenous Toripalimab was used on day 1
with chemotherapy of each 21-day cycle. Surgical resection was
performed 6-8 weeks afterward. We analyzed the data of patients in
the Renaissance study and explored the association between clinical
outcomes and irAEs after the commencement of neoadjuvant
Toripalimab treatment. The study was approved by the Peking
University Ethic board (2020Y]Z58) and registered at https://
clinicaltrials.gov/ as NCT04606303. All patients signed written
informed consent forms, and all data were deidentified.

End points and assessments

All patients were staged according to the 8th Edition American
Joint Committee on Cancer staging system. Characteristics of patients
were summarized, including age, sex, pathological type, smoking
history, tumor-node-metastasis (TNM) stage, immunotherapy-related
adverse events (irAEs), and residual viable tumor (RVT).

The primary endpoints were major pathological response
(MPR) rate (19) (<10% residual viable tumor cells in the primary
tumor and sampled lymph nodes). The second end points were the
emergence of irAEs, pathological complete response (pCR) rate (0%
residual viable tumor cells in the primary tumor and sampled
lymph nodes), objective response rate, RO resection rate,
perioperative safety, and event-free survival.

Definition

IrAEs were defined as having a potential immunological basis
that required more frequent monitoring and potential intervention
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assessed by a multidisciplinary team of physicians, surgeons, and
radiologists. IrAEs were classified according to the National Cancer
Institute Common Terminology Criteria for Adverse Events (NCI-
CTCAE) version 4.03 (20) and were handled according to the
guidelines on the management of immunotherapy-related toxicities
(21, 22). The time to onset of irAE was defined as the time from the
start of immunotherapy to the occurrence of irAE. Event-free
survival (EFS) was defined as the time from the start of
immunotherapy to any progression of disease precluding surgery,
progression or recurrence of disease after surgery, progression of
disease in the absence of surgery, or death from any cause.

Statistical analysis

Descriptive statistics of baseline, clinicopathological, and
operation-related characteristics were listed. The pCR, MPR, RO
resection rate, the occurrence of irAEs, the time interval between
Toripa, limab use and the occurrence of irAE, and event-free
survival were calculated. SPSS 26.0 (IBM, Armonk, NY, USA) was
used for statistical analysis. The continuous data were presented as
medians (ranges) and analyzed using the Mann-Whitney U-test.
The categorical data were presented as numbers (percentages) and
analyzed using the chi-square or Fisher’s exact test. And the survival
outcome data were presented as average (ranges) and analyzed by
the Cox proportion risk regression model. The Kaplan-Meier curve
was analyzed by Log-Rank analysis. Reported P values are two-
sided, and the significance level was set at 0.05 for all analyses unless
otherwise noted.

Results
Patient characteristics

From December 2020 to March 2022, 55 patients met the inclusion
criteria, the median age was 62 years old (IQR 55-66 years old)
(Figure 2). Overall, 50 patients (90.9%) were men, 49 patients
(89.1%) had a smoking history, 16 patients (29.1%) were stage IIB,
31 patients (56.4%) were stage ITIA, 8 patients (14.5%) were stage IIIB.
Nine patients (16.4%) were staged as NO, 16 patients (29.1%) were
staged as N1, and 30 patients (54.5%) were staged as N2. Forty-four
patients were diagnosed with squamous cell carcinoma (80%), nine
patients were diagnosed with adenocarcinoma (16.4%), and 2 patients
were proven to have adenosquamous lung cancer.

Treatments and TRAE outcomes, especially
irAEs outcomes

About 69.1% of patients accepted 2 cycles of neoadjuvant
Toripalimab plus chemotherapy, 14 patients accepted 3 cycles of
neoadjuvant Toripalimab plus chemotherapy (25.5%), one patient
received 4 cycles of neoadjuvant Toripalimab plus chemotherapy
(1.8%), and 2 patient received one cycle of neoadjuvant Toripalimab
plus chemotherapy (3.6%) (Table 1) One of the 2 patients that only
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neoadjuvant chemo-immunotherapy trial

(patients with locally advanced NSCLC)
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6 patients failed to accept surgery:
Difficult to receive RO resection: 3
Serious Grade 3 immuno-related pneumonitis: 1

49 patients received thoracic surgery

Poor PS score and cannot endure the surgery: 1

Significant clinical response and decided to wait and watch: 1

1 patient was excluded from the final analysis:

48 patients included in final analysis
(patients underwent RO resection)

FIGURE 2
Flow chart of including patients.

take 1 cycle was due to bile tract infection, another patient
suffered severe immune-related enteritis and can’t continue
immunotherapy. TRAE occurred in 53 patients (96.4%), which
contains myelosuppression, vomiting, nausea, alopecia,
acroanesthesia, anorexia, hepatic function impairment, etc.
Among them, 17 patients (30.9%) suffered Grade 3-4 TRAE.
While there were 22 patients (40%) involved in this clinical trial
were diagnosed with irAEs. Immune-related thyroid dysfunction,
rash/pruritus, enteritis, and pneumonitis occurred in 12 patients
(21.8%), 7 patients (12.7%), 2 patients (3.6%), and 1 patient (1.8%),
respectively. Among these 22 patients, 6 patients suffered Grade 2-3
irAEs. The common Grade 2-3 irAEs were rash and pruritus (9.1%),
immune-related enteritis (9.1%), immune-related pneumonitis
(4.5%), and thyroid dysfunction (4.5%) (Table 2). The median
time between the commencement of Torapalimab and diagnosis
of irAEs was 28.5 days (IQR: 18.3-77.5 days). And the median time
interval between the commencement of Torapalimab and diagnosis
of grade 1, grade 2, and grade 3 irAEs were 32.5 days,21 days, and 62
days. Grade 1-2 irAEs appear to occur earlier than Grade 3
(Figure 3). Grade 1-2 rash was usually treated withsteroids
ointment and oral antihistamines. Grade 1-2 thyroid dysfunction
was treated with thyroid hormone supplements. While immune-
related pneumonitis and enteritis were treated with intravenous
steroids injection and sequentially dose decreased till suspension,
symptomatic treatment was also used when patients suffered serious
dyspnea or diarrhea. In our research, two patients with grade 2
irAEs (9.1%) and 3 patients with grade 3 irAEs (13.6%) were treated
with glucocorticoid therapy. The median glucocorticoid-using time
duration was 12 days (IQR: 7-79 days).

Patients received surgery

Forty-eight of 55 patients finally received thoracic surgery with
a median time interval of 67 days (IQR 39-113 days) after
neoadjuvant treatment. Pathology confirmed that 31 (64.6%)
patients achieved MPR and 24 (50.0%) patients achieved pCR.

In a total of 48 patients who received RO resection, eleven
patients suffered from thyroid dysfunction, of which six patients
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Underwent thoracoscopic exploration due to difficulty in

RO resection

achieved MPR and 5 patients achieved pCR, the median time from
treatment initiation to onset was 45 days (IQR 21-91 days). Six

TABLE 1 Characteristics of included patients.

Age (IQR) 61.5 (55-66)
Gender
male 50 (90.9%)
female 5(9.1%)
Smoking history
Yes 49 (89.1%)
No 6 (10.9%)
Staging
1IB 16 (29.1%)
IITA 31 (56.4%)
IIIB 8 (14.5%)

Staging of Lymph nodes

NO 9 (16.4%)

N1 16 (29.1%)

N2 30 (54.5%)
Pathology

Squamous cell carcinoma 44 (80.0%)

Adenocarcinoma 9 (16.4%)

Adeno-squamous carcinoma 2 (3.6%)
Cycles of Neoadjuvant Therapy

1 2 (3.6%)

2 38 (69.1%)

3 14 (25.5%)

4 1 (1.8%)
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TABLE 2 irAE of all 55 patients involved in trial.

Type of irAEs =~ Any Grade Median Time Interval
Grade 2-3 (Days)
Hyperthyroidism | 12 1 (4.5%) 45.5(IQR 21-96.3)
Rash/pruritus 7 2(9.1%) 8(IQR 6-29)
Enteritis 2 2 (9.1%) 45
Pneumonitis 1 1 (4.5%) 62
Total 22 6 (27.3%) | 285 (IQR 18.3-77.5)
: et
' Grade 1irAE Grade 2irAE Grade 3 irAE
Grade of irAE
FIGURE 3

Comparison of the time interval between commencement of
Torapalimab and diagnosis of different grades of irAEs. irAEs refers
to immunotherapy-related adverse events.

patients with rash or pruritus achieved MPR, and 5 patients
achieved pCR, the median time to onset was 8 days (IQR 6-29
days). One patient with enteritis achieved pCR, and the time
interval between treatment and the onset of enteritis was 16 days.
Among these patients with irAEs, three patients suffered grade 2-3
irAEs and achieved pCR(Table 3).

Furthermore, as to the safety of thoracic surgery after
neoadjuvant Toripalimab plus chemotherapy, irAEs showed no
significant influence on the operation time (170.6 min vs
165.7 min, p=0.775) (Figure 1A), intraoperative blood loss (67.4
mL vs 64.3 mL, p=0.831) (Figure 1B) and preoperative waiting time
(93 days vs 97 days, p=0.630) (Figure 1C). The pathological response
outcomes of different stage of NSCLC was presented in Table 4. It
showed that Stage IIB to IITA might benefit mostly from neoadjuvant

TABLE 3 irAE of 48 patients received RO resection.

10.3389/fonc.2023.1135140

immunochemotherapy, and no significant difference was found
between clinical stage and pathological response (p=0.27).

We also analyzed the time-onset of irAE and the time interval
between the last cycle of neoadjuvant therapy and surgery
(Figure 4), the p-value didn’t show a significant difference, which
further confirms that the occurrence of irAE would not delay
surgery and neoadjuvant immuno-chemotherapy could be
estimated as dependable and safe.

Patients failed to receive surgery

There is one patient who decided to watch and wait after
complete clinical response (CCR) (Figure 5). This patient was
diagnosed with lung adenocarcinoma, cT2N2MO, stage IIIA. His
CT examination in May 2021 revealed truncated bronchial stenosis
in the upper lobe of the right lung, irregular soft tissue foci next to
the hilum, about 32*22mm, with distal lung tissue atelectasis. There
were also multiple enlarged lymph nodes in the mediastinum and
the right hilum. Bronchoscopy showed a bulge around 2/3
circumference of the right main bronchus, with the upper edge
about 5mm from the bulge. Pathological biopsy suggested
moderately differentiated squamous carcinoma. He was treated
with 1 cycle of ABP (albumin- bounded paclitaxel) + cisplatin +
Toripalimab in 2021/6/25. The next cycle of treatment was canceled
due to the development of severe immune-related enteritis which
was treated at Peking Union Medical College Hospital
subsequently. On 2021-9-22 his chest CT showed: the soft tissue
masses near the right hilum disappeared. Multiple enlarged lymph
nodes were reduced in size. PET-CT of the right pulmonary hilum
did not show hypermetabolism. In 2021-12-16, he reviewed
bronchoscopy and the biopsy reported mild chronic
inflammation of the mucosa of the pseudostratified ciliated
columnar epithelium, with two heterogeneous cells visible in the
interstitium, considered to be cancer. In 2022-4-13, we reviewed the
bronchoscopy again, and the biopsy showed no definite clue of lung
cancer. In 2022-12-16, we retested the chest CT: it showed that the
soft tissue thickening in upper lobe of the right lung near the hilum
was as before, either was the bronchial stenosis in the right
upper lobe.

There were also 6 other patients who failed to receive surgery, of
which three patients failed to receive surgery for the poor
performance in radiological imaging, as well as 2 patients’ surgery
were canceled respectively for the anatomical adhesion during
surgical exploration and poor physical performance. Notably, one

Type of irAEs Any Grade Grade 2-3 Median Time Interval (IQR) pCR PCR rate MPR MPR rate
Hyperthyroidism 11 0 45 days(21-91 days) 5 45.5% 6 54.5%
Rash/pruritus 7 2 8 days(6-29 days) 5 71.4% 6 85.7%
enteritis 1 1 16 days 1 100% 1 100%
pneumonitis 0 0 0 0 0 0 0

Total 19 3 22 days (16-46 days) 11 57.9% 13 68.4%
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TABLE 4 The results of pathological response for different clinical stage
of NSCLC.

Clinical Stage 1B A 1B

/pathological response

pCR
MPR not pCR

Non-MPR

120

100

Waiting Time

None early onset late onset

irAE

FIGURE 4
Comparison of waiting time after the last cycle of immunotherapy
between early, late-onset or no occurrence of irAEs.

patient’s surgery was canceled for grade 3 immuno-related
pneumonitis. This patient has diagnosed with stage IIIB
adenocarcinoma without ALK translocation and EGFR mutation
in the left lower lobe (Figure 6A), thus three cycles of neoadjuvant
Toripalimab combined with chemotherapy were used for the
surgical opportunity. While reduced exercise tolerance come out
after the third cycle, he simultaneously had intermittent fever
during hospitalization, chest computed tomography showed
large-area ground-glass opacity with consolidation (Figure 6B),

10.3389/fonc.2023.1135140

which confirmed the diagnosis of immuno-related pneumonitis.
Arterial blood gas analysis showed an arterial partial pressure of
oxygen of 68.2 mmHg. After standard treatment of glucocorticoid
therapy combined with continued antibiotic treatment, the patient
recovered from the server pneumonitis with continuous oxygen
therapy. The patients achieved great improvement for 18 months
from the treatment start (Figure 6C). And recently computed
tomography showed that the tumor completely disappeared.

Patients underwent adjuvant therapy

There are 14 patients who took adjuvant therapy, which
includes chemo-immunotherapy with/without sequential
immunotherapy for maintenance treatment, or directly adjuvant
immunotherapy. There are 34 patients who didn’t take adjuvant
therapy, the result of adjuvant therapy were presented in Table 5.

Survival analysis

The average EFS of patients without irAE (33 patients) was 22.7
months (95%CI 21.3-24.2 months). The median EFS of patients
with irAE (22 patients) was 23.5 months (95%CI 21.0-25.9 months),
and both median times were not reached, The log-rank analysis
showed that the p-value was 0.61.

6 patients arrived at the end point of our study, 3 of them had
encountered local recurrence, 2 of them had been diagnosed with
metastatic lung cancer, and only 1 patient died during our study.

We separated the patients with irAE into the early-onset and
late-onset, each separately included 14 and 8 patients. The
watershed between them was 3 months. Due to the small sample
size, the HR of early-onset irAE had no significant difference, and
the HR of late-onset irAE was 4.53 (p=0.065, 95%CI 0.91-22.5).
While the log-rank analysis of the K-M curve showed a significant
difference (p=0.021) (Figure 7).

1 cycle of chemo-
immunotherapy in
2021/6/25

FH“. |
A 4
n n n n

N|

| |

E
Pl

immuno-related
enteritis diagnosed
in 2021/717

Before Treatment

FIGURE 5

After Treatment (2021-9-22) |

Procedures of treatment and response. (A) Baseline characteristic of lungs; (B) Great clinical response in bronchoscopy and computed tomography.
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Procedures of treatment and pneumonitis. (A) baseline characteristic of lungs; (B) immune-related pneumonitis (C) great improvement in tumor and

pneumonitis in bilateral lungs.

Discussion

Immunotherapy, targeting T-cell regulatory pathways, is
widespreadingly recommended as first-line therapy for advanced
lung cancer, which has been heralded as a promising treatment
when combined with chemotherapy. Several international clinical
trials provided the evidence that neoadjuvant immunotherapy plus
chemotherapy performed well with higher rates of pathological
response and controllable side effects (Table 6).

According to the NADIM study, the MPR rate of all patients
involved was 45% (7). As the CheckMate 816 trial found out: the
pCR rate of Stage IIIA NSCLC was 23%, and the pCR rate of
squamous cell carcinoma was slightly higher than adenocarcinoma,
without significant difference (4).

Moreover, a large number of patients with NSCLC in China
were diagnosed with non-squamous carcinoma (26). Epidermal
growth factor receptor (EGFR) mutation is currently the most
common target; EGFR mutations were more common in Chinese
patients than in American patients (27), which might result in our
patients that accepted immunotherapy of non-squamous NSCLC
(11/55, 20%) is less than of squamous cell carcinoma (44/55, 80%).
As a single-center study, our patients cannot present for the whole
population in Beijing or China, which contributes to the inevitable
selection bias of our study.

Previous articles reported that immunochemotherapy obtained
shorter operative time, a higher rate of en bloc resection, and

TABLE 5 The results of the of adjuvant therapy of 48 patients.

Pathological Chemo- Immunotherapy None
response immunotherapy

/Adjuvant

Therapy

pCR 1 2 21
MPR not pCR ‘ 2 1 ‘ 4
Non-MPR ‘ 5 3 ‘ 9
Total ‘ 8 6 ‘ 34
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minimal invasion (4). As validated in our study, patients with
irAE showed similar preoperative waiting time, operation time,
and intraoperative blood loss, confirming its safety and reliability of
neoadjuvant immunochemotherapy. The relationship between the
irAEs and pathological response was explored as the predictor for
the combination treatment. Hyperthyroidism, rash, and pruritus
were the common adverse events reported in recent articles on
immunochemotherapy. Intriguingly, rash and pruritus always come
out early, and most of these patients were proven pCR finally.
Moreover, some literature did confirm that irAE is connected with
better OS in melanoma (28), non-squamous NSCLC (29) and ESCC
(30). The specific types of irAE might predict better prognosis as
well, such as colitis and diarrhea (31). Our initial idea was to find
the association between the occurrence of specific irAE with a better
pathological response. Unfortunately, no significant P value was
found between irAE and pathological response. It had been
reported that 3 months could serve as a watershed to identify the
early-onset or late-onset irAEs (32), as we estimated, the median

1.0 | ‘—n—»—-|_| Early-onset
None

0.8
E
E 0.6
@ I ——
§ Late-onset
b
E. 0.4
£
w

0.2

0.0

.00 5.00 10.00 15.00 20.00 25.00 30.00
Time, month
Numbers at risk

Earlyonset 14 13 13 10 2 0 0
None 33 33 31 19 7 0 0
Late onset 8 8 8 4 2 1 [
FIGURE 7

Event-free survival by early or late onset of irAE in all 55 patients.
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TABLE 6 The results of the terminated neoadjuvant immunotherapy trials for resectable NSCLC.

Identifier Phase Stage Primary  Treatment
Endpoint
LCMC NCT02927301 1 IB-11IB 181 MPR atezolizumab 76% NA 41% 20%
monotherapy
Long et al. NCT04304248 1 I 33 MPR toripalimab 96.7% 455% | NA 60.6%
CheckMatel59 | NCT02259621 1 [-IIIA 22 Safety Nivo 91% 15% | 23% 45%
NADIM NCT03081689 11 IIA 46 PFS Nivo 89% 71% | 93% 85%
SAKK 16/14 NCT02572843. 1 IIA(N2) 68 MPR Durvalumab 93% 18% | 88% 62%
JLeietal (23) = NCT04338620. i IIA, IIIB- | 14 MPR camrelizamab 50% 57.1% | NA 85.9%
N2

Gao et al. ChiCTR-OIC- 1b IA-IIIB 40 MPR Sintilimab 92.5% 162% | 525% | 40.5%

17013726
H.Duan et al. - 11 IIA-TIIB 20 ORR PD-1 inhibitors 95% 30% | NA 50%
29
Checkmate816 | NCT02998528 I IB-ITIA 358 EFS/pCR Nivolumab 83.2% 24% | 92.6%  NA
ATfayli et al. NCT03480230 11 IB-IIIA 15 ORR Avelumab 73% 9% NA 27%
(25)

time between the commencement of Toripalimab and surgery was
nearly 3 months, either. Thus we did a survival analysis of the onset
of irAE and event-free survival and got a positive outcome, which
might proclaim the early-onset irAE as a biomarker of better
outcomes among locally advanced NSCLC patients with
neoadjuvant immune-chemotherapy modality. Early-onset irAEs
were mainly composed of rash/pruritus and thyroid dysfunction,
both were easily monitored and handled during the preoperative
treatment period. Patients with early-onset irAEs including rash or
pruritus in neoadjuvant immunotherapy were more likely to
achieve better event-free survival compared to late-onset irAEs.
We only came out with this conclusion based on our 55-patient
retrospective trial in our hospital, more rigorous randomized
clinical trials are needed to find the association between them for
neoadjuvant immunotherapy in locally advanced NSCLC.

To our best knowledge, immune checkpoint inhibitors are
designed to attack malignancies by targeting the ligands, leading to
T-cell activation for the attack against malignant cells. These ligands
included cytotoxic T-lymphocyte antigen-4 (CTLA-4), programmed
death protein 1 (PD-1), and programmed death ligand-1 (PD-L1).
These corresponding medications upregulate the immune system and
cause irAEs (33). Some adverse events may be mild, 14 patients with
lung cancer who received immunotherapy reported that their hair
turned black, and another case reported that one patient with
metastatic cutaneous melanoma developed eyelash poliosis after
undergoing treatment with combination immunotherapy with
ipilimumab and nivolumab (34). In a responder analysis, an
increase in overall survival was seen in patients with the related
adverse event of special interest (AESI) compared with those with no
related AESIs. About 57% of responding patients with a related AESI
reported the AESI before documentation of response (35). Patients
with rash/pruritus always had a higher proportion of major
pathological responses. Researchers found that T cells that reacted

Frontiers in Oncology

to antigens shared in NSCLC lesions and the skin-mediated
autoimmune skin toxic effects. These T cells may also have
mediated the tumor regression in patients who responded to
therapy (17). Compared with immune-related pneumonitis, rash/
pruritus happened earlier and was easier to be detected, which may
lessly hinder thoracic surgery for its stable nature. Thus, more active
surgical treatment should be adopted when confronted with certain
irAE such as rash/pruritus.

Immunotherapy efficacy predictors were explored recently;
serum biomarkers or others were regarded as powerful predictors.
For example, phenotype markers were explored in an end-staged
solid tumor, like PD-L1 expression, TILs (36), or LAG3 (37), etc. And
there are also genomic markers such as MSI-H, TMB (38), specific
gene mutation (39), and ctDNA. Inflammatory biomarkers are also
explored to predict the efficacy of neoadjuvant immunotherapy (40).
However, there was still lacking authoritative clinical evidence for
these predictors. Based on previous studies, ctDNA could count as
promising and dependable marker of neoadjuvant immune-
checkpoint inhibitors used in resectable locally advanced NSCLC
(4, 41, 42). But the cost and fundamental establishments made it less
useful in our clinical practice. Other biomarkers like TMB, MIS-H or
PD-L1 expression couldn’t effectively predict the outcome of
neoadjuvant immunotherapy (5, 7). As the pooled analysis
published in February 2023 on JAMA Oncology found out, irAE
did bring out better OS and PFS in Stage IV non-squamous NSCLC
patients who underwent Atezo treatment (29). Our study also found
that early-onset irAEs were associated with better event-free survival
in resectable NSCLC patients who underwent neoadjuvant
Toripalimab treatment.

Nevertheless, some severe irAE like immune-related
pneumonitis or enteritis could stop patients from getting regular
preoperative treatment or even surgery. Early-onset irAEs were
mainly composed of rash/pruritus and thyroid dysfunction, both
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were easily monitored and handled during the preoperative
treatment period, which also highly alleviated the anxiety of these
patients. Thus, we finally came out with this conclusion: Easy-to-
find irAEs, such as rash, can be used as indicators to predict
response to neoadjuvant chemo-immunotherapy.

According to the other accomplished clinical trials of
neoadjuvant immunotherapy, TRAE happened in 23%-93% of
patients, but they barely mentioned specifically about irAEs. One
literature reported the occurrence rate of irAE in the atezo-
containing arm in Stage IV non-squamous NSCLC as 48% (29).
The reported incidence of any-grade irAEs associated with ICI
treatment ranges widely across agents and trials, from
approximately 15% to 90% (43, 44).

A meta-analysis studied by De Velasco et al. reported the
incidence of the most common irAEs of 21 randomized phase II/
III trials from 1996 to 2016, which included a total of 6528 patients
who received monotherapy (45). Within this cohort, across all ICIs,
incidence of all-grade irAE was 30.4%, and the incidence of grade 3/
4 events was 1.5% for colitis, 1.5% for liver toxicity, 1.1% for rash,
0.3% for hypothyroidism, and 1.1% for pneumonitis, added up to
5.8% grade3/4 occurrence.

The present study has several limitations. Firstly, this was a
single-center study, not a randomized controlled trial, and the
results were subjective to the inherent shortcomings of the single-
center study. Patients in preparation for lung cancer surgery were
enrolled, which may introduce a selection bias. Additionally, the
difference was not significant perhaps due to the small sample size,
the confounding effects of limited sample size cannot be ruled out.
Secondly, different PD-1 inhibitors might result in different irAEs
and lead to different efficiency, only Toripalimab was used in this
cohort. Our study only included the use of Toripalimab, different
kinds of immune-checkpoint inhibitors might result in the different
modalities of irAEs. Thus, the results may not be proper for other
PD-1 inhibitors, which need more evidence from randomized
controlled trials. Finally, all the irAEs were assessed by investors
in our hospital, limited by a paucity of irAEs evaluation criteria,
which may cause subjective judgment bias.

In conclusion, some irAEs may point to the positive treatment
effect, which may not be affected by the treatment cycles. The
importance of accurately identifying irAEs that may benefit from
neoadjuvant immunotherapy is critical, given the potentially
positive indicator on treatment-associated results.
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The use of immune checkpoint inhibitors (ICls) has become mainstream in the
treatment of non-small cell lung cancer (NSCLC). The idea of harnessing the
immune system to fight cancer is fast developing. Neoadjuvant treatment in
NSCLC is undergoing unprecedented change. Chemo-immunotherapy
combinations not only seem to achieve population-wide treating coverage
irrespective of PD-L1 expression but also enable achieving a pathological
complete response (pCR). Despite these recent advancements in neoadjuvant
chemo-immunotherapy, not all patients respond favorably to treatment with ICls
plus chemo and may even suffer from severe immune-related adverse effects
(irAEs). Similar to selection for target therapy, identifying patients most likely to
benefit from chemo-immunotherapy may be valuable. Recently, several
prognostic and predictive factors associated with the efficacy of neoadjuvant
immunotherapy in NSCLC, such as tumor-intrinsic biomarkers, tumor
microenvironment biomarkers, liquid biopsies, microbiota, metabolic profiles,
and clinical characteristics, have been described. However, a specific and
sensitive biomarker remains to be identified. Recently, the construction of
prediction models for ICl therapy using novel tools, such as multi-omics
factors, proteomic tests, host immune classifiers, and machine learning
algorithms, has gained attention. In this review, we provide a comprehensive
overview of the different positive prognostic and predictive factors in treating
preoperative patients with ICls, highlight the recent advances made in the
efficacy prediction of neoadjuvant immunotherapy, and provide an outlook for
joint predictors.

KEYWORDS

non-small cell lung cancer, neoadjuvant immunotherapy, chemo-immunotherapy,
efficacy prediction, biomarkers

120 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2023.1145128/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1145128/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1145128/full
https://www.frontiersin.org/articles/10.3389/fonc.2023.1145128/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2023.1145128&domain=pdf&date_stamp=2023-05-17
mailto:hezhengfu@zju.edu.cn
https://doi.org/10.3389/fonc.2023.1145128
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2023.1145128
https://www.frontiersin.org/journals/oncology

Wang et al.

1 Introduction

Lung cancer has one of the highest incidence rates worldwide
and is responsible for the most deaths (1). Non-small cell lung
cancer (NSCLC) is a major type of lung cancer accounting for
approximately 85% of lung cancer cases; only 30%-40% of patients
diagnosed with NSCLC present with resectable disease (2, 3).
Surgical resection is the cornerstone for the treatment of early-
stage NSCLC and is also one of the most effective means for the
treatment of stage IITA disease for attaining resectable status by
neoadjuvant chemotherapy (4-6). Preoperative chemotherapy
improves both progression-free survival (PES) and overall survival
(OS); however, it improves the 5-year survival rate by only 5% and
fails to meet clinical needs (7). Recently, activating the human
immune system to fight cancer, including NSCLC, by blocking
inhibitory immune checkpoints has gained attention. Several phase
III trials have confirmed the role of pembrolizumab, an immune
checkpoint inhibitor (ICI), as a standard first-line treatment for
patients with locally advanced or metastatic NSCLC (8-10).
Notably, compared with monotherapy, ICIs plus platinum-based
chemotherapy resulted in significantly longer OS and PFS
regardless of PD-L1 expression (11-14).

Given the effectiveness of immunotherapy, an increasing
number of clinical trials evaluating these agents are rapidly
moving from advanced NSCLC to earlier stages of the disease
(15). These trials have shown a high percentage of patients with
resectable NSCLC achieving a major pathological response (MPR)
of up to 86% and a pathological complete response (pCR) of
approximately 9%-63% (16, 17). These data suggest the feasibility
and efficacy of neoadjuvant immunotherapy in tumor down-staging
in patients without increasing the incidence of adverse effects or
surgical delay (18). In early 2022, National Comprehensive Cancer
Network (NCCN) updated its guidelines for neoadjuvant systemic
therapy according to the result of CheckMate 816 presented at the
2021 AACR annual meeting (19). The regimen of nivolumab plus
platinum-doublet chemotherapy was first added to the guidelines as
neoadjuvant systemic therapy. The preliminary efficacy of chemo-
immunotherapy in NSCLC patients is being widely discussed and
has prompted research worldwide (15-18). Based on the limited
data currently available, as many as 17 different clinical trials about
neoadjuvant immunotherapy are currently registered in
ClinicalTrials.gov (20). These landmark clinical trials of
neoadjuvant immunotherapy have ushered in a new era in
NSCLC therapy.

Regardless of the benefits of neoadjuvant immunotherapy, not
all patients will experience favorable responses to treatment.
Different clinical trials reveal wide efficacy gaps (17). There exists
a significant population of patients who do not sufficiently respond
to ICIs and may even suffer severe immune-related adverse effects
(irAEs) or hyperprogression (21). The heterogeneous objective
response rate (ORR) in NSCLC patients who received
immunotherapy indicated that the selection of effective
biomarkers to better stratify patients for immunotherapy is
important. Preliminary data generated by clinical trials for
advanced NSCLC patients treated with ICIs have disclosed some
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biomarkers that are associated with response to immunotherapy
(22). These can be roughly divided into the following four categories
(23): 1) tumor-intrinsic biomarkers, including programmed cell
death ligand 1 (PD-L1), tumor mutational burden (TMB), and
specific gene alterations; 2) tumor microenvironment biomarkers,
including tumor-associated immune cells (TAICs), and T-cell
receptor (TCR) repertoire; 3) liquid biopsies, including peripheral
blood cells and circulating tumor DNA (ctDNA); 4) host-related
biomarkers, including clinical characteristics, sex, and human
leukocyte antigen-1 (HLA-I).

The study of predictive factors associated with the efficacy of
neoadjuvant immunotherapy is still in its infancy, and most
explorations of neoadjuvant-related biomarkers are built upon
existing biomarkers that have been identified in studies on ICI
monotherapy. However, factors underlying the therapeutic efficacy
of combination therapy and monotherapy may differ and, thus,
cannot be generalized. Due to its short therapeutic cycles, periodic
image reviewing, and definitive assessment of pathological
responses, neoadjuvant immunotherapy is an ideal pattern for
research biomarkers. This pattern can provide more opportunities
to observe and assess biological changes at different times of
neoadjuvant immunotherapy.

In this review, we summarize the positive prognostic and
predictive factors that have been used to predict the efficacy of
neoadjuvant immunotherapy in NSCLC patients, as well as the
recent advances in the development of biomarkers that can be used
to better facilitate patient selection.

2 Controversial biomarkers for
predicting neoadjuvant
immunotherapy efficacy

2.1 PD-L1 and tumor mutational burden

PD-L1 is a key protein in the advancement and development of
immunotherapy. PD-L1 expression assessed by immunohistochemistry
(IHC) was the first Food and Drug Administration (FDA)-approved
companion or complementary diagnostic test for ICI monotherapy in
NSCLC patients (24, 25). Owing to data from several studies, nivolumab
was approved for NSCLC patients irrespective of the PD-L1 status (26).

Currently, PD-L1 has been investigated as a biomarker in several
clinical trials of neoadjuvant immunotherapy. The phase 2 Lung
Cancer Mutation Consortium 3 (LCMC3) trial showed that MPR
was associated with baseline PD-L1 tumor proportion score (TPS) in
NSCLC patients treated with atezolizumab monotherapy; a
considerably higher pathological response was observed in patients
with TPS > 50% compared with those with TPS < 50% (27, 28). In
CheckMate 816 trial, a greater event-free survival (EFS) and pCR
benefit with nivolumab plus chemotherapy were seen across subgroups
of a tumor PD-L1 expression level of over 1% (29). The NEOSTAR
trial showed that those who achieved MPR or high radiographic
response had higher PD-L1 expression (30). A similar result was
seen in another trial of nivolumab plus ipilimumab in patients under
the same dose and interval therapy (31).
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In contrast, correlative data from some other trials of
neoadjuvant immunotherapy did not show a relationship between
PD-LI status and the clinical benefits of NSCLC patients. Forde
et al. and Altorki et al. found no association between PD-L1 tumor
status and MPR (32, 33). Interestingly, when NSCLC patients were
treated with typical ICIs like atezolizumab or nivolumab combined
with paclitaxel and carboplatin, tumor PD-L1 expression tended to
show no correlation with pathological response (34, 35). These
results are in contrast to those of early studies on monotherapy
(28, 30).

TMB, as a genetic characteristic of tumorous tissue, is emerging
as a potential predictive biomarker of response to ICIs. TMB could
be processed to neo-antigens, and higher TMB resulted in more
effective T-cell recognition, which is correlated with better ICI
outcomes (36). Although the US FDA approved pembrolizumab
for TMB-high solid tumors, including unresectable NSCLC in 2020,
there are both pros and cons to the clinical utility of TMB in
neoadjuvant immunotherapy (37, 38). Previous trials, including the
KEYNOTE-021, 189, and 407, have shown that TMB is not
associated with the efficacy of chemo-immunotherapy, suggesting
that treatment with ICIs combined with chemo-agents may
confound the application of TMB (36, 39). Similarly, the LCMC3,
NEOSTAR, and NADIM trials revealed that TMB was not
significantly associated with MPR or patient survival (28, 31, 35).
The CheckMate 816 trial also incorporated TMB into analyses and
found that pCR benefit was seen with nivolumab plus
chemotherapy regardless of TMB value (29). Only in patients in
the NCT02259621 trial were a high mean of TMB predicted MPR
and the mutation-associated neoantigen burden associated with
pathological response (32); however, there was no significant
correlation between TMB and PD-L1 expression (32).

2.2 Specific gene alterations

NSCLC with epidermal growth factor receptor (EGFR) mutation,
anaplastic lymphoma kinase rearrangements, or ROS1 mutations is
currently recognized as a negative predictor of immunotherapy efficacy
(40, 41). NSCLC patients harboring EGFR mutations benefit less from
ICI treatment despite high PD-LI expression (42). Several studies have
shown that PD-L1 expression is regulated by complex mechanisms,
including EGFR. Chen et al. found that EGFR activation upregulated
PD-L1 via phosphorylating ERK and c-Jun pathway (43). Data from
experimental studies showed that EGFR mutations could also
upregulate PD-L1 through a variety of pathways, including NF-kB,
YAP, JAK/STAT, and PI3K/AKT/mTOR (44, 45). Therefore, EGFR
mutation may cause immune escape through the upregulation of PD-
L1 expression. Moreover, EGFR mutation may also influence immune
cell infiltration. EGFR mutational activation might reduce the MHC-I
expression through the ERK-MEK pathway, resulting in a decreased
number of infiltrating CD8" T cells, which may then contribute to the
poor response to ICIs (46). However, the application of EGFR as a
negative biomarker to predict the efficacy of immunotherapy remains
controversial, and the underlying mechanisms and interactions with
ICI therapy are complex (47). Different benefits of ICI therapy could be
observed in different subtypes of EGFR mutations. Patients with EGFR
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L858R had better benefits from immunotherapy than those with
19Del (40).

In contrast, patients with KRAS mutations or BRAF V600E
mutations might have a higher response to ICIs (48). These patients
were found to have increased PD-L1 expression and high TMB burden
(49). The potential mechanism may involve that RAS mutations can
stabilize the mRNA encoding the PD-L1 protein through downstream
signals; thus, tumor cells continue to synthesize PD-L1. There are
limited data on the impact of oncogenic driver genes on the response to
immunotherapy in patients with early-stage NSCLC since most clinical
trials have excluded patients with tumors with mutations in the
oncogenic genes.

The cohort in the LCMC3 trial observed that patients without
STK11/LKB1 mutations or Keapl mutations more frequently achieved
MPR (27). Moreover, the most recent data published from the LCMC3
trial showed that co-mutant STK11 and KRAS portended worse
pathological responses (28). Significantly, NSCLC patients with
tumors with mutant STK11 not only have no radiographic or
pathological response (34) but also suffered progressive disease when
STKI11 is co-mutated with KRAS (31). Tumor intrinsic pathways
including STK11/LKB1 and KEAPI are associated with non-T cell-
inflamed tumor microenvironment (TME), which is also called a
“cold” tumor, thus impairing the clinical efficacy of immunotherapy
(50). Inactivation of STK11 signaling stimulates cancer cells to produce
G-CSF, CXCL7, IL-6, and IL-1P, thereby recruiting tumor-associated
neutrophils, which results in suppression of cytotoxic T-cell activity
(51, 52). While all of these results have been mutually verified in
different studies, conclusions are limited given the small number of
patients in each clinical trial. Further clinical trials that include large
panels of specific gene alterations will help investigate novel therapies
to overcome STKI1l mutation-mediated resistance to
neoadjuvant immunotherapy.

2.3 Blood parameters
and host-related markers

Blood parameters represent attractive biomarkers because
blood is easily accessible and can be analyzed repeatedly over
time. Some metrics and ratios of complete blood count (CBC)
have been suggested as markers for predicting the efficacy of ICIs
and patient outcomes. In studies on advanced NSCLC patients,
Diem et al. and Ren et al. reported that high values of neutrophil-to-
lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR)
before treatment are prognostic markers significantly correlating
with poor survival and lower response rates in patients treated with
nivolumab monotherapy (53, 54). NADIM trials incorporated NLR
and PLR to study the association of these parameters with the
degree of pathological response and found that only decreased PLR
after neoadjuvant treatment was associated with pCR (55).
Moreover, lactate dehydrogenase (LDH) or peripheral blood
tumor marker carcinoembryonic antigen (CEA) might also be a
reliable biomarker to predict immunotherapy efficacy in NSCLC
patients (56-58). However, chemo-agents used in neoadjuvant
immunotherapy may affect patients’ blood parameters, making
the applicability of blood-related biomarkers uncertain.
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Host-related markers contain various factors about the patients’
clinical characteristics, such as sex, age, body mass index, smoking,
personal history, and HLA complex (59-62). Several studies have
shown that the efficacy of ICI monotherapy is better in men than in
women, even in the case of high PD-L1 expression NSCLC (62, 63).
In contrast, women benefit significantly more from ICIs plus
chemotherapy than men with advanced lung cancer (64, 65). The
sex-based difference in antitumor immune response relies on a
complex interplay between immune evasion mechanisms,
hormones, genes, and behavioral factors (66, 67). In CheckMate
816 trial, both male and female patients benefitted more from
nivolumab plus chemotherapy over chemotherapy alone.
Interestingly, median EFS was longer in women than in men in
both arms (29). Additionally, elder patients may achieve poor
immunotherapy efficacy due to immunosenescence. Whether the
benefit of immunotherapy is age-dependent remains controversial
(68-71). Further clinical research should take host-related factors
into account to eliminate bias, explore potential mechanisms, and
stratify populations that benefit from neoadjuvant immunotherapy.

3 Potential biomarkers for predicting
neoadjuvant immunotherapy efficacy

3.1 Tumor-associated immune cells and
tertiary lymphoid structures

The unique advantage of neoadjuvant therapy compared with
other advanced NSCLC treatments is that pre- and post-neoadjuvant
immunotherapy tissue specimens can be obtained during the whole
treatment cycle. The different types of tumor-infiltrating lymphocytes
(TILs) in the TME can be used to predict the prognosis and response
to immunotherapy (72). TILs, as part of tumor-associated immune
cells, can be assessed in tumor tissues using immunohistochemistry
or other high-plex multiplex immunofluorescence.

The NEOSTAR trial analyzed immune profiling of resected tumor
tissues and found that CD3™ TILs, CD3"CD8" TILs, and
CD3"CD8'CD45RO" memory TILs were significantly higher in
tumors treated with nivolumab + ipilimumab than in those treated
with monotherapy. However, these increases were irrespective of MPR
(30). Immunologic analyses from the LCMCS3 trial revealed that lower
frequencies of ILT2'NKG2A™ and ILT2"NKG2A NK cells, and ILT2"
NK-like T cells were strongly associated with MPR in NSCLC patients
(73). The pCR patients from the NADIM trial had a higher percentage
of CD3" CD4" PD-1" cells at diagnosis than non-pCR patients (74).
The validity of this cell subset as a predictive marker had also been
verified, with an area under the curve (AUC) of 0.728. Furthermore,
patients with complete pathologic response (cPR) also had higher levels
of NKG2D expression on CD56" T cells, CD25 expression on
CD4"CD25hi" cells, and CD69 expression on intermediate
monocytes when compared to non-cPR patients (74). The above
studies indicate that the different types of TILs could predict the
response to neoadjuvant immunotherapy to some extent.

The TME not only plays an important role in TILs and mediates
the initiation and progression of tumors but also participates in the
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aggregation of immune cells that developed in non-lymphoid
tissues at the tumor site (75). These organized cellular aggregates,
composed of B cells, T cells, dendritic cells, and high endothelial
venules are called tertiary lymphoid structures (TLSs). Several
studies have shown that the presence of TLSs is associated with
favorable responses and prognosis to immunotherapy in most solid
tumors including NSCLC (76, 77). Cottrell et al. assessed the
specific immunologic features of TLS in NSCLC patients treated
with neoadjuvant nivolumab using quantitative immune-related
pathological response criteria and demonstrated that TLSs are
important in the antitumor immune response in pCR and MPR
patients (78). Large-scale studies are still needed to understand the
complex relationship between immune cell profiles and
patient outcomes.

3.2 T-cell receptor sequencing

TCR is a unique protein complex found on the surface of T cells
that is responsible for recognizing fragments of antigens, including
tumor neoantigens (79). Emerging evidence has indicated that TCR
sequencing could be used as a dynamic biomarker of ICI response
(80). Chemotherapy is the cornerstone of neoadjuvant
immunotherapy. Chemo-agents have the great capability of
tumor debulking and releasing neoantigens while killing cancer
cells. The interplay between neoantigens and TCR plays a critical
role in tumor-specific T cell-mediated antitumor immune
response (81).

A trial of neoadjuvant administration of nivolumab
monotherapy in patients with early-stage lung cancer revealed
that MPR patients had a higher frequency of T-cell clones in both
the tumor and peripheral blood than non-MPR patients (32). One
patient’s cPR neoantigen-specific T-cell clones rapidly increased in
peripheral blood and were maintained for up to 4 weeks after
treatment (32). In a study using samples obtained from the same
clinical trial (NCT02259621), Caushi et al. found that some specific
T-cell clonotypes for mutation-associated neoantigens (MANAs)
were expanded and detected in MPR patients, suggesting that there
were differences between MANA-specific TIL in ICI-responsive
versus ICI-resistant NSCLC (82).

With the development of high-throughput sequencing
technology, the TCR repertoire can be assessed through various
features, including density, diversity, and clonality. In one
exploratory analysis of the NADIM trial, next-generation TCR
sequencing was performed using pre-treatment and post-
treatment peripheral blood and tissues obtained from NSCLC
patients (83). Baseline tissue TCR unevenness was associated with
cPR to neoadjuvant chemo-immunotherapy. Moreover, compared
with TPS (AUC of 0.767) and TMB (AUC of 0.550) as biomarkers,
the top 1% clonal space of TCR achieved a higher diagnostic
potential, with an AUC of 0.967, to identify cPR patients (83).
The TCR repertoire showed good performance in predicting
response to neoadjuvant immunotherapy. Further studies are
warranted in larger cohorts to precisely identify specific
TCR repertoire.
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3.3 Circulating tumor DNA

CtDNAs are short DNA fragments released from tumors into
peripheral blood and can be quantified in liquid biopsies to predict
tumor recurrence (84). The detection and sequencing of ctDNA
may reveal minimal residual disease (MRD) and identify NSCLC
patients who are at high risk of recurrence (85-88).

One large-scale, multicenter prospective cohort study showed
that c¢tDNA-MRD positivity was an independent risk factor for
shortened recurrence-free survival in lung cancer surgery patients
(89). The NADIM trial evaluated ctDNA levels before and after
neoadjuvant treatment and found that patients with low ctDNA
levels at baseline had significantly improved PFS and OS than those
with high ctDNA levels; moreover, patients with undetectable
ctDNA after treatment were significantly associated with long PFS
and OS (35, 90). In CheckMate 816 trial, a higher percentage of
patients showed ctDNA clearance with chemo-immunotherapy
than with chemotherapy alone, and these patients had longer EFS
than those without ctDNA clearance (29). Moreover, ctDNA is
correlated with cPR (29). Although there are limited data on the
predictive power of ctDNA for assessing neoadjuvant chemo-
immunotherapy efficacy, several clinical trials have revealed that
ctDNA is a potential biomarker for predicting patients’ survival
outcomes. Dynamic ctDNA monitoring may be useful for designing
new clinical trials.

3.4 Gut microbiota

Gut microbiota is also one of the currently investigated
biomarker objects, which can modulate the host immune system
and maintain tissue homeostasis (91). Accumulating evidence
seems to show the gut microbiota as a potential diagnostic tool to
predict response or resistance to ICIs through its extensive influence
on local and systemic immune systems (92). Gut microbiota has
been assessed in the NEOSTAR trial using targeted 16S ribosomal
RNA gene sequencing to explore the link between MPR status and
the composition of gut microbiota. Paraprevotella and Akkermansia
spp. were associated with MPR in neoadjuvant patients, and
Dialister sp. was associated with a decrease in nivolumab toxicity
(30). The gut microbiota can alter the efficacy and toxicity of ICI
agents. Currently, the NADIM study and other trials are also
exploring gut microbiota.

4 Cutting-edge progress
in biomarker exploration

4.1 Multi-omics

With the rapid development of omic methods (genomics,
proteomics, transcriptomics, metabolomics), massive omics data
have become available for clinical analysis (93). Rich et al. described
a blood-based host immune classifier (HIC) proteomic testing to
classify NSCLC patients. HIC classification could predict survival
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with ICI-based therapy and select NSCLC patients who were
responding to immunotherapy (94). Zhang et al. integrated multi-
omics analysis in one NSCLC patient after neoadjuvant
immunotherapy and revealed that specific genomic phenotypes
and lower immunogenicity were attributed to an inferior
immunotherapy efficacy (95). Different omics or diverse genomic
phenotypes could be influenced by each other. Some unique
homologous recombination deficiency events in combination
with TMB, TME, or various intratumor heterogeneity
ultimately influence the therapeutic outcomes of neoadjuvant
immunotherapy in NSCLC patients (96). Multi-omics data can
identify different molecular subtypes associated with different
prognoses in NSCLC patients treated with ICIs (97). There is still
a lack of research and clinical trials to standardize the acquisition of
and analysis tools for omics data in neoadjuvant immunotherapy.
Further, neoadjuvant-related studies should investigate the
potential applications of omics tools in chemo-immunotherapy.

4.2 Image features

Tumor computational imaging can extract a wealth of
information about the entire tumor burden, cancer lesion, and
para-carcinoma tissues, which may reflect immune response in
NSCLC. Khorrami et al. developed a unique feature set called delta-
radiomic analysis (DelRADx), which identified the changes in the
radiomic texture of CT patterns from the intra- and peri-tumoral
regions before and after immunotherapy. Using DelRADx features,
the model achieved an AUC of 0.88 in distinguishing responders
from non-responder to immunotherapy and was also associated
with OS in NSCLC (98). Yang et al. utilized PET-CT to investigate
the correlation between radiological, metabolic (18F—FDG), and
pathological responses in lung cancer patients who underwent
neoadjuvant immunotherapy plus surgery (99). The '®F-FDG-
reflected metabolic activity revealed the presence of invaded
tumor-draining lymph nodes (TDLNs) that are associated with
poor pathological responses. Their work showed the potential
utility of PET-CT in predicting the pathological response to ICls
(99). Recently, with the help of machine learning algorithms,
computational imaging has achieved impressive successes in
stratifying and quantifying the radiomic features of NSCLC. As
will be detailed in the following sections, machine learning
algorithms show powerful prediction performance.

4.3 Machine learning

Machine learning (ML) is a branch of artificial intelligence (AI)
involving algorithms that can be trained to make predictions by
analyzing data. Although there is a lack of prospective studies on the
application of ML in predicting neoadjuvant efficacy, some studies
have made impressive attempts to build prediction models by
combining machine learning and various data.

Al algorithms can automatically quantify radiographic
characteristics from CT data of NSCLC patients. Al-based
characterization of lung cancer lesions can be used as non-
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invasive radiomic biomarkers, which had a good predictive ability
for predicting good immunotherapy response in advanced NSCLC
patients receiving immunotherapy and could also predict OS with
an AUC of up to 0.76 (100). Yoo et al. constructed a high-
performance ML model with AUC over 0.97 from '*F-FDG PET-
CT radiomics features to predict pCR after neoadjuvant chemo-
immunotherapy in NSCLC (101). The accuracy of the prediction
using the ML model was significantly higher than that derived using
conventional image features (101, 102).

Several types of omics data, such as RNA expression levels,
immune-related gene panels, and immune-related biomarkers,
from peripheral blood samples or tumor tissues of NSCLC
patients treated with ICIs, could be combined with bioinformatics
and ML techniques to improve the predictive performance of the
model (103, 104). ML has also been applied in some clinical trials.
In exploratory analyses of the LCMC3 trial, more than 100 pre-
treatment blood samples were used to construct a predictive model
for MPR by evaluating immune cell subsets. The final
multiparametric model was significantly correlated with MPR
with an AUC in the test set of 0.726 (28). Wu et al. integrated
data from eight atezolizumab clinical trials to construct a mortality
prediction model using different ML algorithms (105). The results
showed that random forest (RF) with an AUC of 0.844 reached the
highest performance in prediction tasks. Similarly, Benzekry et al.
found that RF (AUC of 0.74) was the best ML model to predict
disease control rate using NSCLC patients’ simple clinical and
hematological data (106). ML algorithms are good at handling
non-linear problems and massive calculations. Prelaj et al.
integrated real-world data and the blood microRNA signature
classifier to develop a new predictive model of ICI response in
NSCLC (107). Vanguri et al. developed a dynamic deep attention-
based multiple-instance learning model with masking (DyAM)
using a cohort of 247 NSCLC patients with multimodal data
including radiological, histopathologic, and genomic features and
known outcomes to immunotherapy (108). However, these high-
volume data did not help much in performance boosting. The AUC
value of these ML-based models was between 0.8 and 0.87.

5 Discussion

Neoadjuvant immunotherapy has gradually become a mainstay
in the treatment of NSCLC. The promising results of neoadjuvant
immunotherapy in resectable NSCLC have been confirmed by
several prospective randomized controlled trials. While some
patients respond to chemo-immunotherapy, a considerable
proportion of NSCLC populations fail to benefit from it. It seems
all the more necessary today to discover and develop reliable
biomarkers for efficacy prediction when chemo-immunotherapy
seems to achieve population-wide treating coverage irrespective of
PD-L1 expression.

Based on previous and ongoing clinical trials, we summarized
the biomarkers that benefit the prediction of neoadjuvant
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immunotherapy efficacy and highlight the potential biomarkers
for efficacy prediction; we envision the cutting-edge progress
made in improving the performance of biomarker-related models
(Figure 1). These advances in biomarker-directed therapy have led
to improvements in OS.

The accuracy of tumor-intrinsic biomarkers such as PD-L1 and
TMB has decreased with the addition of chemotherapeutic
regimens in NSCLC neoadjuvant immunotherapy that are
mutagenic and may thus induce a higher TMB score. The cutoff
for TMB evaluation to select NSCLC patients for treatment with
ICIs is still currently controversial and may be due to differences in
tumor biology and the microenvironment. It is still not routinely
used in clinical practice due to the poor reproducibility of TMB
results. Therefore, different clinical trials gave different cutoff TMB
values (28, 31, 35). PD-L1 is key in immunotherapy, while various
posttranslational modifications of PD-L1 protein may affect clinical
detection and treatment efficacy. Lee et al. found that heavy
glycosylation of PD-L1 could lead to false-negative readouts in
clinical bioassays, and deglycosylated PD-L1 is a more reliable
biomarker to guide immunotherapy (109). With the widespread
application of immunotherapy, the bioassays of tumor-intrinsic
biomarkers should also be revolutionized.

With the continuous development of immunofluorescence, flow
cytometry, and next-generation sequencing technology, new kinds
of potential biomarkers such as TILs, TLS, TCR, or ctDNA are
being recognized. Nevertheless, it is difficult to standardize a cutoft
for those biomarkers. There is a drift between statistical findings
and clinical applications due to the lack of prospective validation
studies. Further clinical trials should incorporate AUC, C-index,
and calibration to validate the predictive efficacy of these
biomarkers. The cost of bioassays is equally of concern. Enrolling
high-volume multi-omics data and modifying ML algorithms can
improve the performance of prediction tasks. Most data are
obtained from retrospective studies, and further studies should
consider randomized clinical trials, prospective cohorts, or real-
world data for inclusion.

First-line neoadjuvant chemo-immunotherapy is starting to and
will revolutionize the current paradigm of resectable NSCLC
treatment. Identifying biomarkers for chemotherapy or immunity
may be more difficult in combination models. The interaction and
crosstalk within chemo-agents and ICIs make it more variable to
explore. The advantage of exploring biomarkers under neoadjuvant
therapy is that it can better combine the association between
dynamic biomarkers in pre- and post-treatment and patient
outcomes. Selecting pCR patients or long-term survival patients
to further analyze the key factors benefitting them seems promising
to explore. It may be beneficial to identify key biomarkers backward
to better stratify patients receiving neoadjuvant immunotherapy.

Biological processes are dynamically altered depending on
tumor burden and treatment. Tumor-associated immune cells,
TME, or tumor neoantigens might change rapidly with tumor
debulking under chemo-immunotherapy. Thus, dynamic
biomarkers could be used to escalate or de-escalate preoperative
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Summary of biomarkers for predicting neoadjuvant immunotherapy efficacy in NSCLC. Biomarkers were grouped by predictive ability:
(A) controversial biomarkers, (B) potential biomarkers, and (C) cutting-edge progress in biomarker exploration. Graph drawing created with
BioRender.com and Figdraw (https://www.figdraw.com/static/index.html, access date 14 Jan 2023). NSCLC, non-small cell lung cancer.

therapeutic strategies. The development and validation of dynamic
and easy-monitored biomarkers are less explored. A composite
biomarker incorporating multiple other variables may be a novel
direction for future research.

Author contributions

Conception and design: YW, SH, and ZH. Administrative
support: ZZ and ZH. Collection and assembly of reference: XF,
WX, RL, and QZ. Graph drawing: YW and SH. Manuscript writing:
all authors. All authors contributed to the article and approved the
submitted version.

Funding

This work was supported by the Major Research Project of the
Science and Technology Department of Zhejiang Province (grant

References

1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer ] Clin
(2022) 72(1):7-33. doi: 10.3322/caac.21708

2. Torre LA, Siegel RL, Jemal A. Lung cancer statistics. Adv Exp Med Biol (2016)
893:1-19. doi: 10.1007/978-3-319-24223-1_1

3. Goldstraw P, Chansky K, Crowley J, Rami-Porta R, Asamura H, Eberhardt WE,
et al. The iaslc lung cancer staging project: proposals for revision of the tnm stage
groupings in the forthcoming (Eighth) edition of the tnm classification for lung cancer.
J Thorac Oncol (2016) 11(1):39-51. doi: 10.1016/j.jtho.2015.09.009

4. Liao WY, Chen JH, Wu M, Shih JY, Chen KY, Ho CC, et al. Neoadjuvant
chemotherapy with docetaxel-cisplatin in patients with stage iii N2 non-Small-Cell
lung cancer. Clin Lung Cancer (2013) 14(4):418-24. doi: 10.1016/j.cllc.2012.10.003

Frontiers in Oncology

126

number 2021C03124) and the National Natural Science Foundation
of China (grant number 82103305).

Conflict of interest

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

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

5. Scagliotti GV, Pastorino U, Vansteenkiste JF, Spaggiari L, Facciolo F, Orlowski
TM, et al. Randomized phase iii study of surgery alone or surgery plus preoperative
cisplatin and gemcitabine in stages ib to iiia non-Small-Cell lung cancer. J Clin Oncol
(2012) 30(2):172-8. doi: 10.1200/JC0O.2010.33.7089

6. NSCLC Meta-analysis Collaborative Group: Burdett S, Rydzewska LHM, Tierney
JF, Auperin A, Pechoux CL, Chevalier TL, et al. Preoperative chemotherapy for non-

Small-Cell lung cancer: a systematic review and meta-analysis of individual participant
data. Lancet (2014) 383(9928):1561-71. doi: 10.1016/s0140-6736(13)62159-5

7. Saw SPL, Ong BH, Chua KLM, Takano A, Tan DSW. Revisiting neoadjuvant
therapy in non-Small-Cell lung cancer. Lancet Oncol (2021) 22(11):e501-el6.
doi: 10.1016/S1470-2045(21)00383-1

frontiersin.org


https://doi.org/10.3322/caac.21708
https://doi.org/10.1007/978-3-319-24223-1_1
https://doi.org/10.1016/j.jtho.2015.09.009
https://doi.org/10.1016/j.cllc.2012.10.003
https://doi.org/10.1200/JCO.2010.33.7089
https://doi.org/10.1016/s0140-6736(13)62159-5
https://doi.org/10.1016/S1470-2045(21)00383-1
https://www.biorender.com
https://www.figdraw.com/static/index.html
https://doi.org/10.3389/fonc.2023.1145128
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wang et al.

8. Mok TSK, Wu Y-L, Kudaba I, Kowalski DM, Cho BC, Turna HZ, et al.
Pembrolizumab versus chemotherapy for previously untreated, pd-L1-Expressing,
locally advanced or metastatic non-Small-Cell lung cancer (Keynote-042): a
randomised, open-label, controlled, phase 3 trial. Lancet (2019) 393(10183):1819-30.
doi: 10.1016/s0140-6736(18)32409-7

9. Garassino MC, Gadgeel S, Esteban E, Felip E, Speranza G, Domine M, et al.
Patient-reported outcomes following pembrolizumab or placebo plus pemetrexed and
platinum in patients with previously untreated, metastatic, non-squamous non-Small-
Cell lung cancer (Keynote-189): a multicentre, double-blind, randomised, placebo-
controlled, phase 3 trial. Lancet Oncol (2020) 21(3):387-97. doi: 10.1016/S1470-2045
(19)30801-0

10. Paz-Ares L, Vicente D, Tafreshi A, Robinson A, Soto Parra H, Mazieres J, et al. A
randomized, placebo-controlled trial of pembrolizumab plus chemotherapy in patients
with metastatic squamous nsclc: protocol-specified final analysis of keynote-407. J
Thorac Oncol (2020) 15(10):1657-69. doi: 10.1016/j.jtho.2020.06.015

11. Powell SF, Rodriguez-Abreu D, Langer CJ, Tafreshi A, Paz-Ares L, Kopp HG,
et al. Outcomes with pembrolizumab plus platinum-based chemotherapy for patients
with nsclc and stable brain metastases: pooled analysis of keynote-021, -189, and -407. ]
Thorac Oncol (2021) 16(11):1883-92. doi: 10.1016/j.jtho.2021.06.020

12. Paz-Ares L, Luft A, Vicente D, Tafreshi A, Gumus M, Mazieres J, et al.
Pembrolizumab plus chemotherapy for squamous non-Small-Cell lung cancer. N
Engl ] Med (2018) 379(21):2040-51. doi: 10.1056/NEJMo0al1810865

13. Gandhi L, Rodriguez-Abreu D, Gadgeel S, Esteban E, Felip E, De Angelis F, et al.
Pembrolizumab plus chemotherapy in metastatic non-Small-Cell lung cancer. N Engl |
Med (2018) 378(22):2078-92. doi: 10.1056/NEJM0al801005

14. Wang C, Qiao W, Jiang Y, Zhu M, Shao J, Wang T, et al. The landscape of
immune checkpoint inhibitor plus chemotherapy versus immunotherapy for advanced
non-Small-Cell lung cancer: a systematic review and meta-analysis. J Cell Physiol (2020)
235(5):4913-27. doi: 10.1002/jcp.29371

15. Jia XH, Xu H, Geng LY, Jiao M, Wang WJ, Jiang LL, et al. Efficacy and safety of
neoadjuvant immunotherapy in resectable nonsmall cell lung cancer: a meta-analysis.
Lung Cancer (2020) 147:143-53. doi: 10.1016/j.lungcan.2020.07.001

16. Zhao Z, Gao Y, Xue Q, Gao S, He J. Safety and efficacy of neoadjuvant immune
checkpoint inhibitor therapy in patients with resectable non-Small-Cell lung cancer: a
systematic review. Target Oncol (2021) 16(4):425-34. doi: 10.1007/s11523-021-00818-1

17. Ulas EB, Dickhoff C, Schneiders FL, Senan S, Bahce I. Neoadjuvant immune
checkpoint inhibitors in resectable non-Small-Cell lung cancer: a systematic review.
ESMO Open (2021) 6(5):100244. doi: 10.1016/j.esmo0p.2021.100244

18. Jiang J, Wang Y, Gao Y, Sugimura H, Minervini F, Uchino J, et al. Neoadjuvant
immunotherapy or chemoimmunotherapy in non-small cell lung cancer: a systematic review
and meta-analysis. Transl Lung Cancer Res (2022) 11(2):277-94. doi: 10.21037/tlcr-22-75

19. Forde PM, Spicer J, Lu S, Provencio M, Mitsudomi T, Awad MM, et al. Abstract
Ct003: nivolumab (Nivo) + platinum-doublet chemotherapy (Chemo) vs chemo as
neoadjuvant treatment (Tx) for resectable (Ib-iiia) non-small cell lung cancer (Nsclc) in
the phase 3 checkmate 816 trial. Cancer Res (2021) 81(13_Supplement):CT003-CT.
doi: 10.1158/1538-7445.Am2021-ct003

20. Lee JM, Tsuboi M, Brunelli A. Surgical perspective on neoadjuvant
immunotherapy in non-small cell lung cancer. Ann Thorac Surg (2022) 114(4):1505-
15. doi: 10.1016/j.athoracsur.2021.06.069

21. Knorr DA, Ravetch JV. Immunotherapy and hyperprogression: unwanted
outcomes, unclear mechanism. Clin Cancer Res (2019) 25(3):904-6. doi: 10.1158/
1078-0432.CCR-18-3144

22. Memmott RM, Wolfe AR, Carbone DP, Williams TM. Predictors of response,
progression-free survival, and overall survival in patients with lung cancer treated with
immune checkpoint inhibitors. J Thorac Oncol (2021) 16(7):1086-98. doi: 10.1016/
j.jth0.2021403.017

23. XiaL, Liu Y, Wang Y. Pd-1/Pd-L1 blockade therapy in advanced non-Small-Cell
lung cancer: current status and future directions. Oncologist (2019) 24(Suppl 1):S31-41.
doi: 10.1634/theoncologist.2019-10-S1-s05

24. Hendry S, Byrne DJ, Wright GM, Young R]J, Sturrock S, Cooper WA, et al.
Comparison of four pd-L1 immunohistochemical assays in lung cancer. ] Thorac Oncol
(2018) 13(3):367-76. doi: 10.1016/jjth0.2017.11.112

25. Doroshow DB, Sanmamed MF, Hastings K, Politi K, Rimm DL, Chen L, et al.
Immunotherapy in non-small cell lung cancer: facts and hopes. Clin Cancer Res (2019)
25(15):4592-602. doi: 10.1158/1078-0432.CCR-18-1538

26. Kazandjian D, Suzman DL, Blumenthal G, Mushti S, He K, Libeg M, et al. Fda
approval summary: nivolumab for the treatment of metastatic non-small cell lung
cancer with progression on or after platinum-based chemotherapy. Oncologist (2016)
21(5):634-42. doi: 10.1634/theoncologist.2015-0507

27. Carbone D, Lee J, Kris M, Wistuba I, Kwiatkowski D, Owen D, et al. 0a06.06
Clinical/Biomarker data for neoadjuvant atezolizumab in resectable stage ib-iiib nsclc:
primary analysis in the Lemce3 study. J Thorac Oncol (2021) 16(3):S115-S6.
doi: 10.1016/j.jtho.2021.01.294

28. Chaft JE, Oezkan F, Kris MG, Bunn PA, Wistuba II, Kwiatkowski DJ, et al.
Neoadjuvant atezolizumab for resectable non-small cell lung cancer: an open-label, single-
arm phase ii trial. Nat Med (2022) 28(10):2155-61. doi: 10.1038/s41591-022-01962-5

29. Forde PM, Spicer J, Lu S, Provencio M, Mitsudomi T, Awad MM, et al.
Neoadjuvant nivolumab plus chemotherapy in resectable lung cancer. N Engl ] Med
(2022) 386(21):1973-85. doi: 10.1056/NEJM0a2202170

Frontiers in Oncology

10.3389/fonc.2023.1145128

30. Cascone T, William WN]Jr., Weissferdt A, Leung CH, Lin HY, Pataer A, et al.
Neoadjuvant nivolumab or nivolumab plus ipilimumab in operable non-small cell lung
cancer: the phase 2 randomized neostar trial. Nat Med (2021) 27(3):504-14.
doi: 10.1038/s41591-020-01224-2

31. Reuss JE, Anagnostou V, Cottrell TR, Smith KN, Verde F, Zahurak M, et al.
Neoadjuvant nivolumab plus ipilimumab in resectable non-small cell lung cancer. J
Immunother Cancer (2020) 8(2). doi: 10.1136/jitc-2020-001282

32. Forde PM, Chaft JE, Smith KN, Anagnostou V, Cottrell TR, Hellmann MD, et al.
Neoadjuvant pd-1 blockade in resectable lung cancer. N Engl ] Med (2018) 378
(21):1976-86. doi: 10.1056/NEJMoal716078

33. Altorki NK, McGraw TE, Borczuk AC, Saxena A, Port JL, Stiles BM, et al.
Neoadjuvant durvalumab with or without stereotactic body radiotherapy in patients
with early-stage non-Small-Cell lung cancer: a single-centre, randomised phase 2 trial.
Lancet Oncol (2021) 22(6):824-35. doi: 10.1016/S1470-2045(21)00149-2

34. Shu CA, Gainor JF, Awad MM, Chiuzan C, Grigg CM, Pabani A, et al.
Neoadjuvant atezolizumab and chemotherapy in patients with resectable non-Small-
Cell lung cancer: an open-label, multicentre, single-arm, phase 2 trial. Lancet Oncol
(2020) 21(6):786-95. doi: 10.1016/S1470-2045(20)30140-6

35. Provencio M, Serna-Blasco R, Nadal E, Insa A, Garcia-Campelo MR, Casal
Rubio J, et al. Overall survival and biomarker analysis of neoadjuvant nivolumab plus
chemotherapy in operable stage iiia non-Small-Cell lung cancer (Nadim phase ii trial). J
Clin Oncol (2022) 40(25):2924-33. doi: 10.1200/JCO.21.02660

36. Jardim DL, Goodman A, de Melo Gagliato D, Kurzrock R. The challenges of
tumor mutational burden as an immunotherapy biomarker. Cancer Cell (2021) 39
(2):154-73. doi: 10.1016/j.ccell.2020.10.001

37. Marcus L, Fashoyin-Aje LA, Donoghue M, Yuan M, Rodriguez L, Gallagher PS,
et al. Fda approval summary: pembrolizumab for the treatment of tumor mutational
burden-high solid tumors. Clin Cancer Res (2021) 27(17):4685-9. doi: 10.1158/1078-
0432.CCR-21-0327

38. Bravaccini S, Bronte G, Ulivi P. Tmb in nsclc: a broken dream? Int | Mol Sci
(2021) 22(12). doi: 10.3390/ijms22126536

39. Paz-Ares L, Langer CJ, Novello S, Halmos B, Cheng Y, Gadgeel SM, et al.
Pembrolizumab (Pembro) plus platinum-based chemotherapy (Chemo) for metastatic
nscle: tissue tmb (Ttmb) and outcomes in keynote-021, 189, and 407. Ann Oncol (2019)
30:v917-v8. doi: 10.1093/annonc/mdz394.078

40. Mazieres J, Drilon A, Lusque A, Mhanna L, Cortot AB, Mezquita L, et al.
Immune checkpoint inhibitors for patients with advanced lung cancer and oncogenic
driver alterations: results from the immunotarget registry. Ann Oncol (2019) 30
(8):1321-8. doi: 10.1093/annonc/mdz167

41. Yoh K, Matsumoto S, Furuya N, Nishino K, Miyamoto S, Oizumi S, et al.
Comprehensive assessment of pd-L1 expression, tumor mutational burden and
oncogenic driver alterations in non-small cell lung cancer patients treated with
immune checkpoint inhibitors. Lung Cancer (2021) 159:128-34. doi: 10.1016/
jlungcan.2021.07.015

42. Negrao MV, Skoulidis F, Montesion M, Schulze K, Bara I, Shen V, et al.
Oncogene-specific differences in tumor mutational burden, pd-L1 expression, and
outcomes from immunotherapy in non-small cell lung cancer. J Immunother Cancer
(2021) 9(8). doi: 10.1136/jitc-2021-002891

43. Chen N, Fang W, Zhan ], Hong S, Tang Y, Kang S, et al. Upregulation of pd-L1
by egfr activation mediates the immune escape in egfr-driven nsclc: implication for
optional immune targeted therapy for nsclc patients with egfr mutation. J Thorac Oncol
(2015) 10(6):910-23. doi: 10.1097/JTO.0000000000000500

44. Lin K, Cheng J, Yang T, Li Y, Zhu B. Egfr-tki down-regulates pd-L1 in egfr
mutant nsclc through inhibiting nf-Kb. Biochem Biophys Res Commun (2015) 463(1-
2):95-101. doi: 10.1016/j.bbrc.2015.05.030

45. Hsu P-C, Jablons DM, Yang C-T, You L. Epidermal growth factor receptor
(Egfr) pathway, yes-associated protein (Yap) and the regulation of programmed death-
ligand 1 (Pd-L1) in non-small cell lung cancer (Nsclc). Int ] Mol Sci (2019) 20(15).
doi: 10.3390/ijms20153821

46. Watanabe S, Hayashi H, Haratani K, Shimizu S, Tanizaki J, Sakai K, et al.
Mutational activation of the epidermal growth factor receptor down-regulates major
histocompatibility complex class I expression Via the extracellular signal-regulated
kinase in non-small cell lung cancer. Cancer Sci (2019) 110(1):52-60. doi: 10.1111/
cas.13860

47. Qiao M, Jiang T, Liu X, Mao S, Zhou F, Li X, et al. Immune checkpoint inhibitors
in egfr-mutated nsclc: dusk or dawn? J Thorac Oncol (2021) 16(8):1267-88.
doi: 10.1016/1,jtho.2021.04.003

48. Lee J, Ahn MJ. Immune checkpoint inhibitors in driver mutation-positive
nonsmall cell lung cancer: is there a role? Curr Opin Oncol (2021) 33(1):64-72.
doi: 10.1097/CCO.0000000000000698

49. Dong Z-Y, Zhong W-Z, Zhang X-C, Su J, Xie Z, Liu S-Y, et al. Potential
predictive value of Tp53 and kras mutation status for response to pd-1 blockade
immunotherapy in lung adenocarcinoma. Clin Cancer Res (2017) 23(12):3012-24.
doi: 10.1158/1078-0432.Ccr-16-2554

50. Skoulidis F, Goldberg ME, Greenawalt DM, Hellmann MD, Awad MM, Gainor JF,
et al. Stkl11/Lkbl mutations and pd-1 inhibitor resistance in kras-mutant lung
adenocarcinoma. Cancer Discovery (2018) 8(7):822-35. doi: 10.1158/2159-8290.CD-18-0099.

51. Schoenfeld AJ, Rizvi H, Bandlamudi C, Sauter JL, Travis WD, Rekhtman N, et al.
Clinical and molecular correlates of pd-L1 expression in patients with lung

frontiersin.org


https://doi.org/10.1016/s0140-6736(18)32409-7
https://doi.org/10.1016/S1470-2045(19)30801-0
https://doi.org/10.1016/S1470-2045(19)30801-0
https://doi.org/10.1016/j.jtho.2020.06.015
https://doi.org/10.1016/j.jtho.2021.06.020
https://doi.org/10.1056/NEJMoa1810865
https://doi.org/10.1056/NEJMoa1801005
https://doi.org/10.1002/jcp.29371
https://doi.org/10.1016/j.lungcan.2020.07.001
https://doi.org/10.1007/s11523-021-00818-1
https://doi.org/10.1016/j.esmoop.2021.100244
https://doi.org/10.21037/tlcr-22-75
https://doi.org/10.1158/1538-7445.Am2021-ct003
https://doi.org/10.1016/j.athoracsur.2021.06.069
https://doi.org/10.1158/1078-0432.CCR-18-3144
https://doi.org/10.1158/1078-0432.CCR-18-3144
https://doi.org/10.1016/j.jtho.2021.03.017
https://doi.org/10.1016/j.jtho.2021.03.017
https://doi.org/10.1634/theoncologist.2019-IO-S1-s05
https://doi.org/10.1016/j.jtho.2017.11.112
https://doi.org/10.1158/1078-0432.CCR-18-1538
https://doi.org/10.1634/theoncologist.2015-0507
https://doi.org/10.1016/j.jtho.2021.01.294
https://doi.org/10.1038/s41591-022-01962-5
https://doi.org/10.1056/NEJMoa2202170
https://doi.org/10.1038/s41591-020-01224-2
https://doi.org/10.1136/jitc-2020-001282
https://doi.org/10.1056/NEJMoa1716078
https://doi.org/10.1016/S1470-2045(21)00149-2
https://doi.org/10.1016/S1470-2045(20)30140-6
https://doi.org/10.1200/JCO.21.02660
https://doi.org/10.1016/j.ccell.2020.10.001
https://doi.org/10.1158/1078-0432.CCR-21-0327
https://doi.org/10.1158/1078-0432.CCR-21-0327
https://doi.org/10.3390/ijms22126536
https://doi.org/10.1093/annonc/mdz394.078
https://doi.org/10.1093/annonc/mdz167
https://doi.org/10.1016/j.lungcan.2021.07.015
https://doi.org/10.1016/j.lungcan.2021.07.015
https://doi.org/10.1136/jitc-2021-002891
https://doi.org/10.1097/JTO.0000000000000500
https://doi.org/10.1016/j.bbrc.2015.05.030
https://doi.org/10.3390/ijms20153821
https://doi.org/10.1111/cas.13860
https://doi.org/10.1111/cas.13860
https://doi.org/10.1016/j.jtho.2021.04.003
https://doi.org/10.1097/CCO.0000000000000698
https://doi.org/10.1158/1078-0432.Ccr-16-2554
https://doi.org/10.1158/2159-8290.CD-18-0099.
https://doi.org/10.3389/fonc.2023.1145128
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wang et al.

adenocarcinomas. Ann Oncol (2020) 31(5):599-608. doi: 10.1016/
j.annonc.2020.01.065.

52. Skoulidis F, Heymach JV. Co-Occurring genomic alterations in non-Small-Cell
lung cancer biology and therapy. Nat Rev Cancer (2019) 19(9):495-509. doi: 10.1038/
541568-019-0179-8

53. Diem S, Schmid S, Krapf M, Flatz L, Born D, Jochum W, et al. Neutrophil-to-
Lymphocyte ratio (NIr) and platelet-to-Lymphocyte ratio (Plr) as prognostic markers
in patients with non-small cell lung cancer (Nsclc) treated with nivolumab. Lung
Cancer (2017) 111:176-81. doi: 10.1016/j.lungcan.2017.07.024

54. Ren F, Zhao T, Liu B, Pan L. Neutrophil-lymphocyte ratio (Nlr) predicted
prognosis for advanced non-Small-Cell lung cancer (Nsclc) patients who received
immune checkpoint blockade (Icb). Onco Targets Ther (2019) 12:4235-44.
doi: 10.2147/OTT.S199176

55. Laza-Briviesca R, Cruz-Bermudez A, Casarrubios M, Nadal E, Insa A, Campelo
RG, et al. P2.04-10 biomarkers of pathological response on neo-adjuvant chemo-
immunotherapy treatment for resectable stage iiia nsclc patients. ] Thorac Oncol (2019)
14(10). doi: 10.1016/j.jtho.2019.08.1515

56. Peng L, Wang Y, Liu F, Qiu X, Zhang X, Fang C, et al. Peripheral blood markers
predictive of outcome and immune-related adverse events in advanced non-small cell
lung cancer treated with pd-1 inhibitors. Cancer Immunol Immunother (2020) 69
(9):1813-22. doi: 10.1007/s00262-020-02585-w

57. Criscitiello C, Marra A, Morganti S, Zagami P, Viale G, Esposito A, et al.
Pretreatment blood parameters predict efficacy from immunotherapy agents in early
phase clinical trials. Oncologist (2020) 25(11):e1732-e42. doi: 10.1634/
theoncologist.2020-0518

58. Dal Bello MG, Filiberti RA, Alama A, Orengo AM, Mussap M, Coco S, et al. The
role of cea, Cyfra21-1 and nse in monitoring tumor response to nivolumab in advanced
non-small cell lung cancer (Nsclc) patients. J Transl Med (2019) 17(1):74. doi: 10.1186/
512967-019-1828-0

59. Ferrara R, Mezquita L, Auclin E, Chaput N, Besse B. Immunosenescence and
immunecheckpoint inhibitors in non-small cell lung cancer patients: does age really
matter? Cancer Treat Rev (2017) 60:60-8. doi: 10.1016/j.ctrv.2017.08.003

60. Chowell D, Morris LGT, Grigg CM, Weber JK, Samstein RM, Makarov V, et al.
Patient hla class I genotype influences cancer response to checkpoint blockade
immunotherapy. Science (2018) 359(6375):582-7. doi: 10.1126/science.aa04572

61. Hazini A, Fisher K, Seymour L. Deregulation of hla-I in cancer and its central
importance for immunotherapy. J Immunother Cancer (2021) 9(8). doi: 10.1136/jitc-
2021-002899

62. Conforti F, Pala L, Bagnardi V, De Pas T, Martinetti M, Viale G, et al. Cancer
immunotherapy efficacy and patients' sex: a systematic review and meta-analysis.
Lancet Oncol (2018) 19(6):737-46. doi: 10.1016/S1470-2045(18)30261-4

63. Conforti F, Pala L, Pagan E, Corti C, Bagnardi V, Queirolo P, et al. Sex-based
differences in response to anti-Pd-1 or pd-L1 treatment in patients with non-Small-Cell
lung cancer expressing high pd-L1 levels. a systematic review and meta-analysis of
randomized clinical trials. ESMO Open (2021) 6(5):100251. doi: 10.1016/
j.esmoop.2021.100251

64. Conforti F, Pala L, Bagnardi V, Viale G, De Pas T, Pagan E, et al. Sex-based
heterogeneity in response to lung cancer immunotherapy: a systematic review and
meta-analysis. ] Natl Cancer Inst (2019) 111(8):772-81. doi: 10.1093/jnci/djz094

65. Behrens C, Rocha P, Parra ER, Feng L, Rodriguez-Canales ], Solis LM, et al.
Female gender predicts augmented immune infiltration in lung adenocarcinoma. Clin
Lung Cancer (2021) 22(3):e415-€24. doi: 10.1016/j.cllc.2020.06.003

66. Conforti F, Pala L, Pagan E, Bagnardi V, De Pas T, Queirolo P, et al. Sex-based
dimorphism of anticancer immune response and molecular mechanisms of immune
evasion. Clin Cancer Res (2021) 27(15):4311-24. doi: 10.1158/1078-0432.CCR-21-0136

67. Pala L, Conforti F. The effect of patient sex on the efficacy and safety of
anticancer immunotherapy. Expert Opin Drug Saf (2021) 20(12):1535-44. doi: 10.1080/
14740338.2021.1939672

68. Nishijima TF, Muss HB, Shachar SS, Moschos SJ. Comparison of efficacy of immune
checkpoint inhibitors (Icis) between younger and older patients: a systematic review and
meta-analysis. Cancer Treat Rev (2016) 45:30-7. doi: 10.1016/j.ctrv.2016.02.006

69. Wu Q, Wang Q, Tang X, Xu R, Zhang L, Chen X, et al. Correlation between
patients' age and cancer immunotherapy efficacy. Oncoimmunology (2019) 8(4):
€1568810. doi: 10.1080/2162402X.2019.1568810

70. Corbaux P, Maillet D, Boespflug A, Locatelli-Sanchez M, Perier-Muzet M,
Duruisseaux M, et al. Older and younger patients treated with immune checkpoint
inhibitors have similar outcomes in real-life setting. Eur J Cancer (2019) 121:192-201.
doi: 10.1016/j.ejca.2019.08.027

71. Zhang L, Sun L, Yu J, Shan F, Zhang K, Pang X, et al. Comparison of immune
checkpoint inhibitors between older and younger patients with advanced or metastatic
lung cancer: a systematic review and meta-analysis. BioMed Res Int (2019)
2019:9853701. doi: 10.1155/2019/9853701

72. Sellmer L, Kovacs J, Neumann J, Walter ], Kauffmann-Guerrero D, Syunyaeva Z,
et al. Ma08.06 immune cell profiles as predictors of survival in surgically treated non-
small cell lung cancer (Nsclc). J Thorac Oncol (2021) 16(10). doi: 10.1016/
j,jtho.2021.08.150

73. Oezkan F, Seweryn M, Pietrzak M, Byun WY, Owen D, Schulze K, et al. Ma09.01
Leme3: immune cell subtypes predict nodal status and pathologic response after

Frontiers in Oncology

10.3389/fonc.2023.1145128

neoadjuvant atezolizumab in resectable nsclc. J Thorac Oncol (2021) 16(10):5910-S1.
doi: 10.1016/j.jth0.2021.08.152

74. Laza-Briviesca R, Cruz-Bermudez A, Nadal E, Insa A, Garcia-Campelo MDR,
Huidobro G, et al. Blood biomarkers associated to complete pathological response on
nsclc patients treated with neoadjuvant chemoimmunotherapy included in nadim
clinical trial. Clin Transl Med (2021) 11(7):e491. doi: 10.1002/ctm2.491

75. Zhao H, Wang H, Zhou Q, Ren X. Insights into tertiary lymphoid structures in
the solid tumor microenvironment: anti-tumor mechanism, functional regulation, and
immunotherapeutic strategies. Cancer Biol Med (2021) 18(4):981-91. doi: 10.20892/
j.issn.2095-3941.2021.0029

76. Sautes-Fridman C, Petitprez F, Calderaro J, Fridman WH. Tertiary lymphoid
structures in the era of cancer immunotherapy. Nat Rev Cancer (2019) 19(6):307-25.
doi: 10.1038/s41568-019-0144-6

77. Devi-Marulkar P, Fastenackels S, Karapentiantz P, Goc J, Germain C, Kaplon H,
et al. Regulatory T cells infiltrate the tumor-induced tertiary lymphoid structures and
are associated with poor clinical outcome in nsclc. Commun Biol (2022) 5(1):1416.
doi: 10.1038/s42003-022-04356-y

78. Cottrell TR, Thompson ED, Forde PM, Stein JE, Duftield AS, Anagnostou V,
et al. Pathologic features of response to neoadjuvant anti-Pd-1 in resected non-Small-
Cell lung carcinoma: a proposal for quantitative immune-related pathologic response
criteria (Irprc). Ann Oncol (2018) 29(8):1853-60. doi: 10.1093/annonc/mdy218

79. Schumacher TN, Schreiber RD. Neoantigens in cancer immunotherapy. Science
(2015) 348(6230):69-74. doi: 10.1126/science.aaa4971

80. Kidman J, Principe N, Watson M, Lassmann T, Holt RA, Nowak AK, et al.
Characteristics of tcr repertoire associated with successful immune checkpoint therapy
responses. Front Immunol (2020) 11:587014. doi: 10.3389/fimmu.2020.587014

81. Jiang T, Shi T, Zhang H, Hu J, Song Y, Wei ], et al. Tumor neoantigens: from
basic research to clinical applications. ] Hematol Oncol (2019) 12(1):93. doi: 10.1186/
s13045-019-0787-5

82. Caushi JX, Zhang ], Ji Z, Vaghasia A, Zhang B, Hsiue EH, et al. Transcriptional
programs of neoantigen-specific til in anti-Pd-1-Treated lung cancers. Nature (2021)
596(7870):126-32. doi: 10.1038/541586-021-03752-4

83. Casarrubios M, Cruz-Bermudez A, Nadal E, Insa A, Garcia Campelo MDR,
Lazaro M, et al. Pretreatment tissue tcr repertoire evenness is associated with complete
pathologic response in patients with nsclc receiving neoadjuvant
chemoimmunotherapy. Clin Cancer Res (2021) 27(21):5878-90. doi: 10.1158/1078-
0432.CCR-21-1200

84. Chin RI, Chen K, Usmani A, Chua C, Harris PK, Binkley MS, et al. Detection of
solid tumor molecular residual disease (Mrd) using circulating tumor DNA (Ctdna).
Mol Diagn Ther (2019) 23(3):311-31. doi: 10.1007/s40291-019-00390-5

85. Chen K, Zhao H, Shi Y, Yang F, Wang LT, Kang G, et al. Perioperative dynamic
changes in circulating tumor DNA in patients with lung cancer (Dynamic). Clin Cancer
Res (2019) 25(23):7058-67. doi: 10.1158/1078-0432.CCR-19-1213

86. Moding EJ, Liu Y, Nabet BY, Chabon JJ, Chaudhuri AA, Hui AB, et al.
Circulating tumor DNA dynamics predict benefit from consolidation
immunotherapy in locally advanced non-small cell lung cancer. Nat Cancer (2020) 1
(2):176-83. doi: 10.1038/543018-019-0011-0

87. Chabon JJ, Hamilton EG, Kurtz DM, Esfahani MS, Moding EJ, Stehr H, et al.
Integrating genomic features for non-invasive early lung cancer detection. Nature
(2020) 580(7802):245-51. doi: 10.1038/s41586-020-2140-0

88. Yue D, Liu W, Chen C, Zhang T, Ma Y, Cui L, et al. Circulating tumor DNA
predicts neoadjuvant immunotherapy efficacy and recurrence-free survival in surgical
non-small cell lung cancer patients. Transl Lung Cancer Res (2022) 11(2):263-76.
doi: 10.21037/tlcr-22-106

89. Xia L, Mei J, Kang R, Deng S, Chen Y, Yang Y, et al. Perioperative ctdna-based
molecular residual disease detection for non-small cell lung cancer: a prospective
multicenter cohort study (Lungca-1). Clin Cancer Res (2022) 28(15):3308-17.
doi: 10.1158/1078-0432.CCR-21-3044

90. Romero A, Nadal E, Serna R, Insa A, Campelo MRG, Benito C, et al. 0a20.02
pre-treatment levels of ctdna for long-term survival prediction in stage iiia nsclc treated
with neoadjuvant chemo-immunotherapy. J Thorac Oncol (2021) 16(10):S883-S4.
doi: 10.1016/j.jth0.2021.08.102

91. Oh B, Boyle F, Pavlakis N, Clarke S, Eade T, Hruby G, et al. The gut microbiome
and cancer immunotherapy: can we use the gut microbiome as a predictive biomarker
for clinical response in cancer immunotherapy? Cancers (Basel) (2021) 13(19).
doi: 10.3390/cancers13194824

92. Roviello G, Iannone LF, Bersanelli M, Mini E, Catalano M. The gut microbiome
and efficacy of cancer immunotherapy. Pharmacol Ther (2022) 231:107973.
doi: 10.1016/j.pharmthera.2021.107973

93. Bourbonne V, Geier M, Schick U, Lucia F. Multi-omics approaches for the
prediction of clinical endpoints after immunotherapy in non-small cell lung cancer: a
comprehensive review. Biomedicines (2022) 10(6). doi: 10.3390/biomedicines10061237

94. Rich P, Mitchell RB, Schaefer E, Walker PR, Dubay JW, Boyd J, et al. Real-world
performance of blood-based proteomic profiling in first-line immunotherapy treatment
in advanced stage non-small cell lung cancer. J Immunother Cancer (2021) 9(10).
doi: 10.1136/jitc-2021-002989

95. Zhang C, Yin K, Liu SY, Yan LX, SuJ, Wu YL, et al. Multiomics analysis reveals a
distinct response mechanism in multiple primary lung adenocarcinoma after

frontiersin.org


https://doi.org/10.1016/j.annonc.2020.01.065.
https://doi.org/10.1016/j.annonc.2020.01.065.
https://doi.org/10.1038/s41568-019-0179-8
https://doi.org/10.1038/s41568-019-0179-8
https://doi.org/10.1016/j.lungcan.2017.07.024
https://doi.org/10.2147/OTT.S199176
https://doi.org/10.1016/j.jtho.2019.08.1515
https://doi.org/10.1007/s00262-020-02585-w
https://doi.org/10.1634/theoncologist.2020-0518
https://doi.org/10.1634/theoncologist.2020-0518
https://doi.org/10.1186/s12967-019-1828-0
https://doi.org/10.1186/s12967-019-1828-0
https://doi.org/10.1016/j.ctrv.2017.08.003
https://doi.org/10.1126/science.aao4572
https://doi.org/10.1136/jitc-2021-002899
https://doi.org/10.1136/jitc-2021-002899
https://doi.org/10.1016/S1470-2045(18)30261-4
https://doi.org/10.1016/j.esmoop.2021.100251
https://doi.org/10.1016/j.esmoop.2021.100251
https://doi.org/10.1093/jnci/djz094
https://doi.org/10.1016/j.cllc.2020.06.003
https://doi.org/10.1158/1078-0432.CCR-21-0136
https://doi.org/10.1080/14740338.2021.1939672
https://doi.org/10.1080/14740338.2021.1939672
https://doi.org/10.1016/j.ctrv.2016.02.006
https://doi.org/10.1080/2162402X.2019.1568810
https://doi.org/10.1016/j.ejca.2019.08.027
https://doi.org/10.1155/2019/9853701
https://doi.org/10.1016/j.jtho.2021.08.150
https://doi.org/10.1016/j.jtho.2021.08.150
https://doi.org/10.1016/j.jtho.2021.08.152
https://doi.org/10.1002/ctm2.491
https://doi.org/10.20892/j.issn.2095-3941.2021.0029
https://doi.org/10.20892/j.issn.2095-3941.2021.0029
https://doi.org/10.1038/s41568-019-0144-6
https://doi.org/10.1038/s42003-022-04356-y
https://doi.org/10.1093/annonc/mdy218
https://doi.org/10.1126/science.aaa4971
https://doi.org/10.3389/fimmu.2020.587014
https://doi.org/10.1186/s13045-019-0787-5
https://doi.org/10.1186/s13045-019-0787-5
https://doi.org/10.1038/s41586-021-03752-4
https://doi.org/10.1158/1078-0432.CCR-21-1200
https://doi.org/10.1158/1078-0432.CCR-21-1200
https://doi.org/10.1007/s40291-019-00390-5
https://doi.org/10.1158/1078-0432.CCR-19-1213
https://doi.org/10.1038/s43018-019-0011-0
https://doi.org/10.1038/s41586-020-2140-0
https://doi.org/10.21037/tlcr-22-106
https://doi.org/10.1158/1078-0432.CCR-21-3044
https://doi.org/10.1016/j.jtho.2021.08.102
https://doi.org/10.3390/cancers13194824
https://doi.org/10.1016/j.pharmthera.2021.107973
https://doi.org/10.3390/biomedicines10061237
https://doi.org/10.1136/jitc-2021-002989
https://doi.org/10.3389/fonc.2023.1145128
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wang et al.

neoadjuvant immunotherapy. | Immunother Cancer (2021) 9(4). doi: 10.1136/jitc-
2020-002312

96. Zhou Z, Ding Z, Yuan J, Shen S, Jian H, Tan Q, et al. Homologous
recombination deficiency (Hrd) can predict the therapeutic outcomes of immuno-
neoadjuvant therapy in nsclc patients. ] Hematol Oncol (2022) 15(1):62. doi: 10.1186/
s13045-022-01283-7

97. Huang Z, Li B, Guo Y, Wu L, Kou F, Yang L. Signatures of multi-omics reveal
distinct tumor immune microenvironment contributing to immunotherapy in lung
adenocarcinoma. Front Immunol (2021) 12:723172. doi: 10.3389/fimmu.2021.723172

98. Khorrami M, Prasanna P, Gupta A, Patil P, Velu PD, Thawani R, et al. Changes
in ct radiomic features associated with lymphocyte distribution predict overall survival
and response to immunotherapy in non-small cell lung cancer. Cancer Immunol Res
(2020) 8(1):108-19. doi: 10.1158/2326-6066.CIR-19-0476

99. Yang H, Sun B, Ma W, Fan L, Xu K, Jia Y, et al. Multi-scale characterization of
tumor-draining lymph nodes in resectable lung cancer treated with neoadjuvant
immune checkpoint inhibitors. EBioMedicine (2022) 84:104265. doi: 10.1016/
j.ebiom.2022.104265

100. Trebeschi S, Drago SG, Birkbak NJ, Kurilova I, Calin AM, Delli Pizzi A, et al.
Predicting response to cancer immunotherapy using noninvasive radiomic biomarkers.
Ann Oncol (2019) 30(6):998-1004. doi: 10.1093/annonc/mdz108

101. Yoo J, Lee J, Cheon M, Woo SK, Ahn MJ, Pyo HR, et al. Predictive value of (18)
F-fdg Pet/Ct using machine learning for pathological response to neoadjuvant
concurrent chemoradiotherapy in patients with stage iii non-small cell lung cancer.
Cancers (Basel) (2022) 14(8). doi: 10.3390/cancers14081987

102. Lin Q, Wu HJ, Song QS, Tang YK. Ct-based radiomics in predicting
pathological response in non-small cell lung cancer patients receiving neoadjuvant
immunotherapy. Front Oncol (2022) 12:937277. doi: 10.3389/fonc.2022.937277

Frontiers in Oncology

129

10.3389/fonc.2023.1145128

103. Wiesweg M, Mairinger F, Reis H, Goetz M, Kollmeier J, Misch D, et al.
Machine learning reveals a pd-Ll-Independent prediction of response to
immunotherapy of non-small cell lung cancer by gene expression context. Eur |
Cancer (2020) 140:76-85. doi: 10.1016/j.ejca.2020.09.015

104. Peng], ZhangJ, Zou D, Xiao L, Ma H, Zhang X, et al. Deep learning to estimate
durable clinical benefit and prognosis from patients with non-small cell lung cancer
treated with pd-1/Pd-L1 blockade. Front Immunol (2022) 13:960459. doi: 10.3389/
fimmu.2022.960459

105. Wu'Y, Zhu W, Wang J, Liu L, Zhang W, Wang Y, et al. Using machine learning
for mortality prediction and risk stratification in atezolizumab-treated cancer patients:
integrative analysis of eight clinical trials. Cancer Med (2023). 12(3):3744-57. Epub
20220724 doi: 10.1002/cam4.5060

106. Benzekry S, Grangeon M, Karlsen M, Alexa M, Bicalho-Frazeto I, Chaleat S,
et al. Machine learning for prediction of immunotherapy efficacy in non-small cell lung
cancer from simple clinical and biological data. Cancers (Basel) (2021) 13(24).
doi: 10.3390/cancers13246210

107. Prelaj A, Boeri M, Robuschi A, Ferrara R, Proto C, Lo Russo G, et al. Machine
learning using real-world and translational data to improve treatment selection for
nsclc patients treated with immunotherapy. Cancers (Basel) (2022) 14(2). doi: 10.3390/
cancers14020435

108. Vanguri RS, Luo J, Aukerman AT, Egger JV, Fong CJ, Horvat N, et al.
Multimodal integration of radiology, pathology and genomics for prediction of
response to pd-(L)1 blockade in patients with non-small cell lung cancer. Nat
Cancer (2022) 3(10):1151-64. doi: 10.1038/s43018-022-00416-8

109. Lee HH, Wang YN, Xia W, Chen CH, Rau KM, Ye L, et al. Removal of n-linked
glycosylation enhances pd-L1 detection and predicts anti-Pd-1/Pd-L1 therapeutic
efficacy. Cancer Cell (2019) 36(2):168-78.e4. doi: 10.1016/j.ccell.2019.06.008

frontiersin.org


https://doi.org/10.1136/jitc-2020-002312
https://doi.org/10.1136/jitc-2020-002312
https://doi.org/10.1186/s13045-022-01283-7
https://doi.org/10.1186/s13045-022-01283-7
https://doi.org/10.3389/fimmu.2021.723172
https://doi.org/10.1158/2326-6066.CIR-19-0476
https://doi.org/10.1016/j.ebiom.2022.104265
https://doi.org/10.1016/j.ebiom.2022.104265
https://doi.org/10.1093/annonc/mdz108
https://doi.org/10.3390/cancers14081987
https://doi.org/10.3389/fonc.2022.937277
https://doi.org/10.1016/j.ejca.2020.09.015
https://doi.org/10.3389/fimmu.2022.960459
https://doi.org/10.3389/fimmu.2022.960459
https://doi.org/10.1002/cam4.5060
https://doi.org/10.3390/cancers13246210
https://doi.org/10.3390/cancers14020435
https://doi.org/10.3390/cancers14020435
https://doi.org/10.1038/s43018-022-00416-8
https://doi.org/10.1016/j.ccell.2019.06.008
https://doi.org/10.3389/fonc.2023.1145128
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

:' frontiers ‘ Frontiers in Oncology

@ Check for updates

OPEN ACCESS

EDITED BY

Min Li,

Central South University, China
REVIEWED BY

Hao Long,

Sun Yat-sen University Cancer Center
(SYSUCC), China

AJ Piper-Vallillo,

Lahey Hospital and Medical Center,
United States

*CORRESPONDENCE
Zhe Liu
lza@vip.163.com

"These authors have contributed equally to
this work

RECEIVED 10 December 2022
ACCEPTED 06 June 2023
PUBLISHED 20 June 2023

CITATION

Shi L, Gao S, Tong L, Meng Q, Zhou S,

Yu D, Dong Y and Liu Z (2023) Pathological
complete response to long-course
neoadjuvant alectinib in lung
adenocarcinoma with EML4-ALK
rearrangement: report of two cases and
systematic review of case reports.

Front. Oncol. 13:1120511.

doi: 10.3389/fonc.2023.1120511

COPYRIGHT

© 2023 Shi, Gao, Tong, Meng, Zhou, Yu,
Dong and Liu. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Oncology

TYPE Systematic Review
PUBLISHED 20 June 2023
Dol 10.3389/fonc.2023.1120511

Pathological complete

response to long-course
neoadjuvant alectinib in

lung adenocarcinoma with
EML4-ALK rearrangement: report
of two cases and systematic
review of case reports

Liang Shi*, Shuhong Gao™, Li Tong®, Qiyi Meng®, Shijie Zhou?,
0 2 - - 1

Daping Yu?, Yujie Dong® and Zhe Liu™

tDepartment of Medical Oncology, Beijing Tuberculosis and Thoracic Tumor Research Institute,
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Objective: Despite the promising efficacy and tolerability of alectinib in treating
advanced anaplastic lymphoma kinase (ALK) positive non-small cell lung cancer
(NSCLQ), the role of alectinib in neoadjuvant setting remains understudied in
ALK-rearranged resectable lung cancer.

Methods: Our report concerns two cases of early-stage NSCLC with complete
pathologic responses to off-label use of long-course neoadjuvant alectinib.
PubMed, Web of Science, and Cochrane Library were searched comprehensively
for ALK-positive resectable cases with neoadjuvant alectinib. The papers were
chosen following PRISMA recommendations. Seven cases from the literature and
two present cases were evaluated.

Results: Two cases with stage IIB (cT3NOMO) EML4-ALK lung adenocarcinoma
received long-course (more than 30 weeks) of neoadjuvant alectinib followed by
RO lobectomy with the complete pathological response. In our systematic
review, 74 studies were included in the original search. Application of the
screening criteria resulted in 18 articles deemed eligible for full-text reading.
Following the application of the exclusion criteria, out of six papers, seven cases
were selected for inclusion in the final analysis and were included in the
systematic review. None of the studies were included in the quantitative analysis.
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Conclusion: We report two cases of lung adenocarcinoma with resectable ALK-
positive that achieved pCR with long-course neoadjuvant alectinib. Our cases
and a systematic review of the literature support the feasibility of neoadjuvant
alectinib treatment for NSCLC. However, large clinical trials must be conducted
in the future to determine the treatment course and efficacy of the neoadjuvant
alectinib modality.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO,
identifier CRD42022376804.

KEYWORDS

lung adenocarcinoma, ALK rearrangement, neoadjuvant therapy, alectinib, pathological
complete response

Introduction

Echinoderm microtubule-associated protein-like 4-anaplastic
lymphoma kinase (EML4-ALK) rearrangement, also known as the
ALK-positive variant, is one of the significant driver mutations in
non-small-cell lung cancer (NSCLC) and accounts for about 5% of
NSCLC (1-3). This alteration leads to the uncontrolled growth and
spread of the tumor cells, which is a crucial reason why ALK-
positive NSCLC is more aggressive and resistant to traditional
chemotherapy treatment than NSCLC without this alteration (4).
In addition, ALK rearrangements are found more often in younger
never smokers and in people with adenocarcinoma, the most
common pathological type of NSCLC (4, 5).

We are fortunate that there have been advances in ALK tyrosine
kinase inhibitor (ALK-TKI) targeted therapies for ALK-positive
lung cancer over the last decade. Now, various drugs can be used for
first-line treatment options in advanced lung cancer with ALK
rearrangement, from the initial generation of crizotinib to the
second generation of ceritinib, alectinib, and brigatinib, to the
third generation of lorlatinib (6-10).

Previous studies suggest that in resectable non-small cell lung
cancer, neoadjuvant chemotherapy, radiotherapy, immunotherapy,
and combination therapy play an important role. Early meta-analysis
suggests that neoadjuvant chemotherapy can lead to an absolute
survival improvement of 5% at five years, from 40% to 45% in stage I-
III resectable cases (11). In addition, the newly published CheckMate
816 study suggests that neoadjuvant chemotherapy in combination
with nivolumab compared with chemotherapy alone can further
improve the pathological complete response (pCR) and event-free
survival (EFS) in the stage IB (=4 cm) to IITA resectable NSCLC
patients, according to the seventh edition staging criteria of the
American Joint Committee on Cancer(AJCC) (12). Based on the
available evidence (12, 13), in the current eighth edition staging
system of the AJCC, stage ITA-IIIA resectable NSCLC patients
without EGFR mutations or ALK fusions are the target population
for neoadjuvant chemotherapy in combination with immunotherapy.

For resectable NSCLC with a specific oncogenic driver positive,
the published neoadjuvant study focused mainly on the epidermal
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growth factor receptor (EGFR) pathway. The early randomized
phase 2 study of CTONG1103 showed that neoadjuvant erlotinib is
more effective than neoadjuvant chemotherapy in EGFR-positive
patients with stage IITA-N2 NSCLC (14). According to previous
studies, ALK-rearranged lung cancer patients have similar or worse
survival outcomes than EGFR-mutated patients (15, 16). In
advanced lung cancer, similar to EGFR tyrosine kinase inhibitor
(EGFR-TKI) for EGFR-mutated patients, ALK-TKI has a higher
objective response rate (ORR) and longer progression-free survival
(PFS) for ALK-rearranged patients compared to traditional
chemotherapy (6, 7), so neoadjuvant therapy for ALK-positive
patients also worth exploring. However, previous neoadjuvant
treatments for ALK-positive patients have mostly been clinical
studies or case reports in small samples (17, 18). The ongoing
phase IT ALNEO trial assesses the activity of oral 8-week
neoadjuvant alectinib in potentially resectable stage III ALK-
positive NSCLC (any T stage with N2 or T4N0-1) (19). The other
ongoing NAUTIKA1 study is a multiple cohorts perioperative trial
in patients with resectable stage II-III NSCLC, which investigates
neoadjuvant and adjuvant alectinib in the ALK-positive cohort (20).

Alectinib is a highly selective ALK inhibitor currently used as
the front-line or second-line treatment for advanced ALK-positive
NSCLC (6, 21). However, alectinib's activity as neoadjuvant therapy
in resectable ALK-positive NSCLC has yet to be investigated despite
promising efficacy and tolerability in treating advanced ALK-
positive NSCLC.

Although several previous studies have reported cases receiving
neoadjuvant treatment with alectinib (19, 22), given that there are no
published results of strictly designed and implemented large trials of
patients with neoadjuvant alectinib, the preoperative regimens and
treatment timing of alectinib have not been well studied.
Furthermore, no case has been reported or studied regarding long
courses of neoadjuvant alectinib therapy. Herein, firstly, we report
two cases of resectable ALK-positive lung adenocarcinoma receiving
more than six months of alectinib as neoadjuvant therapy followed by
radical surgical resection to achieve pathological complete responses.
Subsequently, we systematically reviewed previously reported cases of
neoadjuvant treatment with alectinib.
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Case presentation

Case one

A 51-year-old male heavy-smoker patient presented to our
hospital in July 2021 with chest pain for two months. In contrast-
enhanced computerized tomography (CT) of the chest, a mass of
approximately 53 mm in length was found in the left lower lobe,

mass of the CT scan

Baseline

12 weeks alectini

Perioperative

FIGURE 1

10.3389/fonc.2023.1120511

along with an isolated nodule of 6 mm in the same lung lobe
(Figure 1). Serum oncological marker results showed an elevated
level of carcinoembryonic antigen (CEA, 8.96 ng/ml, reference
value <6 ng/ml). Fiberoptic bronchoscopy showed no significant
abnormalities. The patient had a CT-guided percutaneous lung
biopsy and was diagnosed with pulmonary adenocarcinoma
(Figure 2). Immunohistochemical testing results (D5F3 assay,
Ventana-Roche Diagnostics, Mannheim, Germany) confirmed

nodule of the CT scan

Imaging findings of case 1. The computed tomography scan of before and after neoadjuvant alectinib. CT, computed tomography.

Frontiers in Oncology

132

frontiersin.org


https://doi.org/10.3389/fonc.2023.1120511
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Shi et al.

FIGURE 2

Pathologic findings of case 1. (A), Percutaneous lung biopsy of the mass before treatment showed pulmonary adenocarcinoma (Hematoxylin-eosin,
HE, 100x ); (B), Tumor cells positive by immunohistochemistry for TTF-1 (100x); (C), Tumor cells positive by immunohistochemistry for Napsin-A
(100x); (D), Immunohistochemical testing results (D5F3 assay) confirmed strong positivity of ALK (100x ); (E, F), Postoperative pathology examination
showed pathological complete response to neoadjuvant alectinib with no residual viable tumor cell. (HE, 100x ).

anaplastic lymphoma kinase (ALK) positivity (Figure 2). In
addition, Echinoderm microtubule-associated protein-like 4 (exon
13)-ALK (exon 20) fusion (variant 1) was detected in tumor
specimen with a 60-gene panel next-generation sequencing. A
whole-body bone scan, contrast-enhanced magnetic resonance
imaging (MRI) scan of the head, and CT scan of the abdomen
were performed to rule out distant metastases.

The patient was recommended to receive neoadjuvant alectinib
therapy followed by surgical resection after a multidisciplinary
discussion. Alectinib was given at 600 mg twice daily for three
cycles (12 weeks) from July 15, 2021. Imaging evaluation of the
efficacy showed a partial response, the patient was advised to consider
receiving surgical treatment, but the patient refused surgery,
continued with oral alectinib treatment, and the patient's mass
continued to shrink. After 30 weeks of therapy, A CT scan was
performed to assess the efficacy of neoadjuvant therapy. A partial
response was achieved after neoadjuvant therapy, with 66% shrinkage
of the mass (18 mmx15 mm), and the solitary nodule in the left lower
lobe disappeared (Figure 1). Repeated serial serum CEA results
showed that CEA gradually declined. Only grade 1 anemia was
observed during the neoadjuvant therapy. A lobectomy of the left
lower lobe and systemic lymphadectomy under a video-assisted
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thoracoscopic approach was successfully performed on March 1,
2022. During the surgical procedure, mild tissue adhesions were
found, and no significant hilar fibrosis or significant adhesions of
lymph nodes were detected. The duration of the surgery was 153
minutes, with 100 ml of intraoperative bleeding without blood
transfusion. The thoracic drain was removed on postoperative day
5. The patient was discharged on postoperative day 10. Postoperative
pathology shows chronic inflammation of lung tissue, more
histiocytic infiltration, multinucleated giant cell reaction, and
cholesterol crystals. As per TASLC multidisciplinary
recommendations for pathologic assessment of lung cancer
resection specimens after neoadjuvant therapy (23), the
components of the primary tumor bed are 0% viable tumor, 10%
necrosis, and 90% stroma, consistent with pCR (Figure 2). In
addition, no metastatic carcinoma was seen in any lymph nodes
resected in stations 4L, 5L, 7, 8, 10L, and 11L (a total of 9 lymph
nodes). Postoperative pathological TNM stage down to ypTONOMO.
He continued to receive alectinib after discharge and did not report
any specific discomfort at the 13-month follow-up (until April 2023).
The CT scan showed the cancer had not returned at the last follow-up
after the surgery. The repeated examination of the patient's CEA
levels showed they were all within the normal range.
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Case two

A 48-year-old man with no smoking history was referred to the
hospital with an asymptomatic mass in the middle lobe of the right
lung. An enhanced computed tomography scan revealed a large mass
with a diameter of 58 mm and an additional nodule (5 mm) on the
right interlobar pleural in the same lobe (Figure 3). Bronchoscopy
showed a neoplasm obstructed the medial segment of the right
middle lobe bronchus (Figure 3). Bronchoscopic biopsy pathology
suggested lung adenocarcinoma, containing an acinar subtype
component. Tumor cells were positive by immunohistochemistry
for TTF-1 and Napsin-A (Figure 4). ALK fusion status was positive
by immunohistochemistry with a monoclonal antibody (D5F3,
Ventana-Roche Diagnostics, Mannheim, Germany) and next-
generation sequencing with a 60-gene panel (Novogene
Bioinformatics Technology, Beijing, China). NGS disclosed an ALK
rearrangement with EML4-ALK fusion (variant 3). After a detailed
staging examination, which included brain contrast-enhanced MRI,

bronchoscopic findings

8 weeks alectinib Baseline

Perioperative

FIGURE 3

mass of the CT scan
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whole-body bone imaging, and contrast-enhanced CT of the chest
and abdomen, no distant metastases were found.

After multi-disciplinary team consultation and acquiring
informed consent from the patient, the patient began to receive
treatment with neoadjuvant alectinib at 600 mg twice daily. After
eight weeks of treatment with alectinib, this patient was evaluated as
having a partial response (PR) by Response Evaluation Criteria in
Solid Tumors (RECIST) version 1.1.

After 32 weeks of alectinib treatment, a re-evaluation showed a
70% reduction of the tumor in the right middle lobe, with no pleural
nodules detected (Figure 3). Moreover, the patient tolerated well
and only experienced grade 1 elevated aminotransferase. An RO
right middle lobectomy and systemic lymphadenectomy under a
video-assisted thoracoscopic approach were performed one week
after the last dose of alectinib. During surgery, moderate tissue
adhesions were found during the separation of vessels and bronchi.
Postoperative pathology shows chronic inflammation of resected
lung tissue, fibrous tissue hyperplasia, infiltration of multinucleated

nodule of the CT scan

Imaging findings of case 2. The bronchoscopic findings and computed tomography scan of baseline and after neoadjuvant alectinib.

CT, computed tomography.
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FIGURE 4

Pathologic findings of case 2. (A), Bronchoscopic biopsy of the mass before treatment showed pulmonary adenocarcinoma (Hematoxylin-eosin, HE,
100x ); (B), Tumor cells positive by immunohistochemistry for TTF-1 (100x); (C), Tumor cells positive by immunohistochemistry for Napsin-A (100x);
(D), Immunohistochemical testing results (D5F3 assay) confirmed strong positivity of ALK (100x); (E, F), Postoperative pathology examination showed
pathological complete response to neoadjuvant alectinib with no residual viable tumor cell. (HE, 100x).

giant cells, lymphocytes, and more foam cells, necrosis, and
cholesterol crystals. Per TASLC 2020 methodology (23), the
components of the primary tumor bed are 0% viable tumor, 25%
necrosis, and 75% stroma. No metastatic carcinoma was found in
the lymph nodes resected in stations 2R, 4R, 7R, 8R, 10R, 11R, 12R,
and 13R (a total of 18 lymph nodes). In addition, the pathology of
the resected nodule on the right interlobar pleural in the right
middle lobe suggests chronic inflammation of fibrous connective
tissue. Postoperative histologic examination demonstrated a
complete pathological response (Figure 4). The patient was
recommended to take alectinib for two more years after surgery
and did not experience a recurrence during the twelve months of
follow-up (until April 2023).

Materials and methods
Protocol and registration

This systematic review was reported following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) standard (Table S1 in Supplementary Materials) (24). In
addition, this systematic review protocol was registered with the
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international prospective register of systematic reviews (PROSPERO)
online database (PROSPERO Identifier: CRD42022376804).

Search strategy

We established our search strategy in PubMed by leveraging
Medical Subject Headings (MeSH) terms for case reports and case
series study types involving neoadjuvant alectinib in lung
adenocarcinoma with EML4-ALK rearrangement. The generated
search strategy was then transferred to the Web of Science and
Cochrane Library using a Polyglot translator (25). The last search
ran on 18th October 2022. The Supplementary Materials provide a
detailed description of each database's search methodology.

Eligibility criteria

We included case reports, case series, or letters that met all of
the following criteria (1): cases with NSCLC, (2) with confirmed
presence of EML4-ALK rearrangement, (3) with neoadjuvant
alectinib treatment, (4) with pathological response outcome.
There were no patient demographics or language restrictions, and
no publication date restrictions were placed on the included studies.
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Study screening and selection

Titles and abstracts were screened for the records obtained
during the literature search. Two reviewers (LS and SH-G)
separately screened titles and abstracts, and consensus settled
discrepancies. After that, the full texts of eligible papers were
retrieved and independently double-screened, with any
discrepancies being forwarded to a third reviewer (ZL).

Data extraction

The following information was extracted from the included
articles: age of the reported case, gender, smoking status, symptoms,
baseline ¢cTNM stage, EML4-ALK variant status, neoadjuvant
treatment course, radiologic response, pathologic response, and
adverse effects. All of the identified studies were listed by the
authors, as well as the year of publication. Data extracted from
each study was conducted by two reviewers independently (LS and
SH-G), with any inconsistencies referred to a third reviewer (ZL).
The data was summarized and compiled into an online Excel
spreadsheet for the authors to access.

Quality of studies

Case reports are biased by their nature. However, standardized
techniques have been developed to evaluate the methodological
quality of case reports. We utilized the Newcastle-Ottawa Scale
(NOS), as modified by Murad et al., to rate the quality of the case
series and reports included in the study (26). This tool evaluates the
four domains of selection, ascertainment, causality, and reporting
using a set of 8 questions. The tool's questions 4, 5, and 6 were
omitted since they primarily apply to the kind of adverse medication
events listed therein and have no bearing on our subject (26). The
remaining five questions' total scores were used to categorize the
remaining articles' bias risks as "high risk," "medium risk," or "low
risk." We deemed case reports or case series to have a low risk of bias
if they received 4 or 5 points on the quality evaluation questions. A
score of 3 indicated a medium risk of bias in an article, whereas a
score of less than 3 indicated a high risk of bias.

Data analysis

Each article's data included in our systematic review was
retrieved, compiled, and shown in a table. The cases were then
described narratively in the text to combine and highlight the
similarities and differences between them and to draw conclusions
finally. We used descriptive statistics to summarize demographics
and clinical characteristics due to the descriptive nature of this
systematic review and the small number of cases. Continuous
variables were reported using means, while dichotomous variables
were reported using frequencies and percentages.

We used descriptive statistics to summarize demographics and
clinical features due to the descriptive nature of this systematic
review and the small number of cases. Continuous variables were

Frontiers in Oncology

10.3389/fonc.2023.1120511

reported using means or median, while dichotomous variables were
reported using frequencies and percentages.

Results
Study selection

A PRISMA flow diagram that depicts the study selection
procedure is shown in Figure 5. First, 74 manuscripts were
identified: 26 from PubMed, 38 from the Web of Science, and ten
from Cochrane Library. After removing any papers that were
duplicates, 49 papers remained. Of those, 31 were excluded after
the title and abstract screening, leaving 18 studies for full-text
screening. Next, we obtained the full text for all 18 records and
screened them for eligibility. After excluding twelve articles for the
reasons shown in Figure 5, we were left with six manuscripts,
including seven cases, which we analyzed (19, 22, 27-30).

Study and clinical characteristics
of patients with neoadjuvant
alectinib treatment

A summary of the characteristics is presented in Table 1. Of the
seven previously reported cases treated with neoadjuvant alectinib,
four cases were non-smokers, and three cases were former smokers.
In addition, five patients were clinically staged as stage cIIIA, and
two were clinically staged as stage cIIIB. Regarding the length of
neoadjuvant alectinib treatment, two patients were treated for six
weeks, three for eight weeks, and two for 12 weeks, with a mean of
8.6 weeks. After neoadjuvant targeted therapy, the best imaging
outcome was PR in six cases, and CR was achieved in one case.

All patients underwent lobectomy combined with mediastinal
lymph node dissection and had RO resection. Postoperative
pathological results suggested pCR in 2 cases (28.6%), major
pathological response (MPR) in 3 cases (42.9%), and non-MPR in
2 cases (28.6%).

We could not do a quantitative meta-analysis due to the case
report or case series nature of the studies on this subject.

Quality assessment

The quality of case reports and case series were assessed using
Murad et al.’s standardized tool. According to the risk of bias score
and classification rules mentioned above, five cases were scored 5,
two cases were scored 4, and all cases were evaluated as low-risk of
bias. A detailed quality assessment for each case is available in Table
S2 of the Supplementary Materials.

Discussion
Main findings

Our case report is the first to document a long-course of
neoadjuvant alectinib treatment. Two patients with ALK-positive
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PRISMA flow diagram of the study selection process. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses

stage IIB NSCLC received more than six months of induction
alectinib treatment and then had surgery for RO resection after
imaging evaluation showed the best shrinkage. Pathological
evaluation after surgery showed that the treatment achieved pCR.
In addition, there were no severe treatment-related adverse
reactions (TRAEs) or severe perioperative adverse events. The
patient had oral alectinib as postoperative adjuvant therapy, and
follow-up showed no recurrence or metastasis.

Based on the case reports we have presented, we have conducted
a systematic review of seven cases from six studies, including cases
with neoadjuvant alectinib. In our systematic review, all patients
with stage IIIA-IIIB NSCLC treated with a short-course of
preoperative alectinib (6-12 weeks) had a postoperative
pathological evaluation. Two patients had pCR, three had MPR,
and two had non-MPR. There were no reported severe TRAEs.
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Compared with previous cases, our reported cases of long-course
neoadjuvant alectinib had similar therapeutic safety and surgical
feasibility. In addition, the pathological response evaluation of our
reported cases reached pCR after surgery, which may bring long-
term survival benefits to patients.

Current topics in practice

One of the most critical questions is what kind of patient should
receive neoadjuvant targeted therapy for ALK-positive NSCLC. In
addition, the choice of therapeutic drugs and treatment cycles is
another critical question.

The first neoadjuvant treatment exploration of ALK-TKI was a
small sample of retrospective studies of crizotinib. In the study, all

frontiersin.org


https://doi.org/10.3389/fonc.2023.1120511
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

TABLE 1 Summary of reported cases receiving neoadjuvant alectinib therapy in ALK-positive lung adenocarcinoma.
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5 Hu et al. None Hemoptysis lower NA 600 mg BID | 8 weeks PR Bilobectomy = pCR constipation Grade  Alectinib without
Female (cT2bN2MO0)
lobe 1 erythema Recurrence
Sentana- Left cllla 3 months
6 Lledo 61/NA Former Asymptomatic = lingular variant 3 = 600 mg BID | 6 weeks PR Lobectomy pCR NA Alectinib without
(cT1bN2MO)
etal lobe Recurrence
Sentana- right oIlla 600 Transaminases recurrence at
7 Lledo 65/NA Former Asymptomatic =~ middle variant 2 mg—450mg 12 weeks PR Lobectomy MPR . Without 12 months
(cT3N2MO) increased
et al. lobe BID mark
Present Left cIIb 13 months
8 51/Male  Former Chest pain lower variant 1 |~ 600 mg BID | 30 weeks PR Lobectomy pCR Grade 1 anemia Alectinib without
case 1 (cT3NOMO)
lobe Recurrence
Present right cllb Grade 1 12 months
9 48/Male Former Asymptomatic =~ middle variant 3 | 600 mg BID 32 weeks PR Lobectomy pCR transaminases Alectinib without
case 2 (cT3NOMO) .
lobe increased Recurrence

EML4-ALK, echinoderm microtubule-associated protein-like 4 anaplastic lymphoma kinase; PR, partial response; CR, complete remission; MPR, major pathological response; pCR, pathological complete response; NA, not available; PORT, postoperative radiotherapy.
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11 patients were cases with N2 (stage IIIA or IIIB) who received
crizotinib for 28-120 days before surgery. The study found that 10
out of 11 patients (91.0%) had a partial response, while one had a
stable disease. Additionally, two patients (18.2%) achieved
pCR (17).

With the iterations of ALK-TKI, from first-generation to third-
generation drugs, we also have more available TKIs for neoadjuvant
strategy against the ALK pathway. More stringent requirements are
necessary for choosing drugs with higher objective response rates
(ORR), remission depth, and better safety for neoadjuvant therapy,
with the purpose of the neoadjuvant therapy per se. The SAKULA
study showed the clinical benefit of ceritinib for neoadjuvant
therapy. The study included seven patients with ALK-positive
stage II-III NSCLC who received two cycles (28 days per cycle) of
ceritinib induction therapy followed by surgery, with a 57% MPR
and 2 cases achieving pCR (29%). However, it was worrying that all
seven patients had treatment interruptions due to adverse events,
and five cases experienced dose downregulation (31).

A series of studies on the front-line alectinib in advanced
NSCLC showed that alectinib has a higher ORR and a greater
tumor remission depth than crizotinib and may be more valuable
for neoadjuvant therapy (9, 32, 33). Therefore, the neoadjuvant
exploration of alectinib is also reasonably expected. The earliest case
report suggests that alectinib for neoadjuvant therapy resulted in
tumor shrinkage. A 46-year-old male with clinical stage IIIB
(cT3N2MO) lung adenocarcinoma received neoadjuvant alectinib
at 600 mg twice daily for two cycles (56 days), and imaging results
after two cycles of treatment evaluated PR, with tumor shrinkage of
47%. After induction of alectinib, the TNM stage was downstaged as
IB (ypT1aNOMO) (22). The cases of other previous small samples
also suggested the value of alectinib in neoadjuvant therapy.
However, neoadjuvant targeted therapy data is relatively scarce,
and clinicians primarily rely on their experience. There is a need for
more research to improve current data.

Most reported cases in our review were locally advanced
patients with initial clinical stage III. However, the two cases we
reported were stage IIB patients with suspicious intrapulmonary
metastatic nodules (T3) at initial evaluation and recommended to
receive induction therapy after multidisciplinary discussion.
Notably, our patients had a smaller tumor load and earlier
clinical stage than previously reported cases, which may have
contributed to the eventual postoperative pathological evaluation
to achieve pCR.

Additionally, studies included in our review had administered
targeted therapy for 2-3 months, while few cases had received long
cycles of alectinib preoperatively. Our reported cases, however,
received more than six months of alectinib each, and both
patients underwent surgery after achieving the best objective
response when the tumor reached maximum remission. The
earlier initial clinical stage is another critical factor contributing
to our cases' postoperative pCR. However, this hypothesis requires
further confirmation through strictly designed clinical trials.

The current NAUTIKAL trial involving the neoadjuvant
treatment of alectinib is enrolling patients with resectable stage II,
IIIA, or selective IITB (T3N2 only) ALK-positive NSCLC. These
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patients will receive alectinib induction therapy for eight weeks,
followed by surgery (20). The other ALNEO study, which includes
cases of potentially resectable stage III (any T with N2, T4NO-1)
NSCLC, will also receive alectinib induction therapy for eight weeks
(19, 34). These prospective clinical trials deserve our expectations.

Strength and weaknesses

Our study is the first to focus on long-course neoadjuvant
alectinib in lung adenocarcinoma with the EML4-ALK variant. It
aims to integrate all available cases from the literature in a
systematic review with a standardized quality appraisal. While
our review is a crucial starting point for understanding the
preoperative ALK-TKI therapy strategy, its findings need to be
expanded upon by more rigorous studies in prospective clinical
trials. However, our narrative synthesis of case reports has several
weaknesses, including subjectivity and a lack of detailed patient
information and long-term follow-up data to judge overall survival
accurately. Additionally, the small sample size of seven cases
prevented a thorough quantitative synthesis, and generalizability
is limited due to missing cases and publication bias. Furthermore,
our analysis of neoadjuvant therapy findings was restricted by the
lack of control over reported pathological response results.

Conclusion

We present two cases of resectable ALK-positive lung
adenocarcinoma that had a pCR following long-course
neoadjuvant alectinib treatment. Our cases, along with a
systematic review, show that neoadjuvant alectinib treatment is a
feasible option for NSCLC. However, large clinical trials are
necessary in order to determine the treatment course and efficacy
of neoadjuvant alectinib.
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