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Abstract: Non-small cell lung cancer (NSCLC) accounts for about 85% of all lung cancers. The expected
S-year survival of stage III NSCLC ranges from 13% to 36% for stage III. Due to the heterogeneity and
poor efficacy of stage III patients, there is great controversy on how to optimize the therapy strategy.
Immunotherapy is providing better clinical efficacy to more NSCLC patients, and is rapidly extending its
range of care from advanced stage to locally advanced stage and early stage NSCLC. Due to the patient’s
strong treatment intention, drug availability, and a few encouraging results from clinical trials (NADIM,
NCT02716038, etc.), the authors observed a case of stage II NSCLC that achieved complete remission after
receiving neoadjuvant chemotherapy combined with immunotherapy. In view of such a satisfactory result
in neoadjuvant therapy, this article discusses how comprehensive treatment for stage III NSCLC patients
may be conducted and the manner in which various therapeutic techniques can be mastered in the era of
immunotherapy. Immunotherapy has opened the exploratory space for finding resolutions to numerous
challenges of treating stage III NSCLC. Further clinical studies and exploration of personalized treatment,
guided by imaging data, and clinical and pathological biomarkers are imperative for the benefit of these

patients.
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Introduction age, heredity, immune system and nutritional status. And

the environmental factors include smoking, occupational

Non-small cell lung cancer (NSCLC) accounts for
about 85% of all lung cancers (1). NSCLC is related to
environmental factors and long-term genetic interactions.

Those related factors include individual’s own factors,

factors, environmental pollution, etc. Among NSLC cases,
30% are patients with stage III NSCLC who have larger
size or metastatic lymph nodes in the mediastinum. The
expected 5-year survival for stage III patients ranges from
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13% to 36% (IIIA 36%; IIIB 26%; IIIC 13%) (2). The
survival rate garnered from perioperative platinum-based
chemotherapy is only 5.4% higher than that provided by
surgery alone, with rates of toxic effects of grade 3 or higher
occurring in more than 60% of cases (3,4). Consequently,
more effective agents are urgently required to improve the
effect of neoadjuvant therapy. In terms of the location of the
tumor, the tumor of stage III NSCLC is still confined to the
thoracic cavity and belongs to local growth. Compared with
stage IV (also known as advanced stage) that has already
occurred distant metastasis, stage III NSCLC is more
suitable for immunotherapy.

Over the last few decades, instances of substantive
progress in extending the survival of patients with stage III
NSCLC have been rare, despite numerous clinical trials
being conducted using cytotoxic chemotherapeutic agents
and radiotherapy (5). Thus, a safe and effective treatment
strategy for improving the outcomes of these patients
requires more involved investigation.

Antibodies that block the immune inhibitory pathway
of the programmed death 1 (PD-1) protein have provided
a novel treatment advance in patients with NSCLC. These
antibodies confer antitumor immunity, resulting in tumor
regression and improved survival (6-10). PD-1/programmed
death-ligand 1 (PD-L1) immunosuppressants are currently
an area of intense NSCLC research, and have demonstrated
significant value in treating advanced patients. For stage III
inoperable patients, consolidation therapy after concurrent
radiotherapy has achieved significant improvement
in efficacy. However, how immunotherapy should be
implemented in patients with stage III NSCLC who are
operable or critically operable is still unclear.

The neoadjuvant immunotherapy trial results for stage
I-IITA NSCLC are summarized in Table 1. The results
of these preliminary phase I and II studies suggest that
immune checkpoint inhibitors (ICIs) are feasible and well
tolerated in early NSCLC neoadjuvant therapy patients (11).
Furthermore, pembrolizumab, the first Food and Drug
Administration (FDA)-approved PD-1 inhibitor, has been
shown to significantly improved outcomes in patients with
advanced NSCLC (8,12-16).

The following is a report of one patient with stage III
NSCLC. Due to the patient’s strong treatment intention,
drug availability, and a few encouraging results from
clinical trials (NADIM, NCT02716038, etc.) a neoadjuvant
treatment of chemotherapy plus pembrolizumab was
administered and achieved an immediate and satisfactory
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effect. The details of treatment and efficacy are described
below.

Report of pathologic complete response (pCR) to
neoadjuvant pembrolizumab and chemotherapy

Patient and treatment

The patient was a male (54 years; height: 176 cm; body
weight: 72 kg) who was diagnosed with squamous cell
carcinoma (SCC) in the lower lobe orifice of the right lung.
The primary lesion was about 3.5 cm in diameter and,
according to the positron emission tomography (PET) scan,
had formed a single mass, with right hilar and mediastinal
(4R) lymphadenopathy.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). Written informed
consent was obtained from the patient for publication of this
manuscript and any accompanying images.

Performance status (PS): Moderate. Histopathology:
SSC, carcinoembryonic antigen (CEA): normal. Diagnostic:
NSCLC. Immunochemistry detection showed that PD-L1
expression was 5% in of biopsied tumor cells tissues
of the primary lung tumor. Staging of the patient was
c-T2aN2MO. Surgical treatment (right lower lobectomy
plus lymphadenectomy) was not possible due to the tumor
mass’ close proximity to right the right main bronchus.

Treatment (Figure 1) was neoadjuvant therapy with
pembrolizumab and chemotherapy (compassionate use) with
surgery and adjuvant therapy. The treatment regimen (about
2.5 months) proceeded as follows: (I) administration of 2
cycles of pembrolizumab 200 mg + TP regimen (paclitaxel
liposome combined with platinum, days 1 and 22);
(II) Right lower lobectomy plus lymph node dissection
were performed 3 weeks later; (III) adjuvant therapy with
pembrolizumab and TP regimen administered 2 months
after surgery. Thus, 7 days after diagnosis, pembrolizumab
and chemotherapy were administered simultaneously.

For the clinical course (Figure 2), about 3 weeks after
2 cycles of neoadjuvant therapy (Zable 2; Figures 1C,2B),
no side effects of pembrolizumab were observed. Chest
computed tomography (CT) showed a decline of the lung
mass (initial diameter, 3.5 cm; 3-week diameter, 1.5 cm).
The right hilar and mediastinal lymphadenopathy showed a
decrease compared to the initial diameter.

According to the CT scan, the primary tumor lesion
showed a partial response (PR), and two new nodules were
present in the right upper lobe, and were considered likely
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Table 1 The neoadjuvant immunotherapy trial results for stage I-IITA non-small cell lung cancer (NSCLC)

2061

Trial NCT Phase St.age of Cases Intervention regimen Results
disease
Immune activation NCTO01820754 | IIA 3 cases 24 Neoadjuvant: paclitaxel & Disease control rate: 91%
in early-stage IIB 2 cases carboplatin + ipilimumab, Surgical completion rate: 13/24
NSCLC patients IIA 19 cases two cycles before surgery, > grade 3 adverse event rate: 46%
receiving neoadjuvant Q3W
chemotherapy plus
ipilimumab
Neoadjuvant NCT02259621 I | 4 cases 21 Neoadjuvant: nivolumab 3 Disease control rate: 96%
programmed death I 10 cases mg/kg, two cycles before Major pathological response
receptor-1 (PD-1) IIA 7 cases surgery, Q2W (MPR): 45%
blockade in Pathological complete response
resectable lung (PCR): 15%
cancer Surgical completion rate: 20/21
> grade 3 adverse event rate: 5%
Neoadjuvant NCT03158129 Il IA 8 cases 44 Neoadjuvant: nivolumab 3 MPR in 44 pts
nivolumab (N) or (NEOSTAR) IB 15 cases mg/kg; ipilimumab, 3 mg/ Overall: N 17%, NI 33%
nivolumab plus IIA 7 cases kg d1, N/NI three cycles  Pathological complete response
ipilimumab (NI) for IIB 5 cases before surgery, Q2W (PCR) in 44 pts
resectable NSCLC IIA 9 cases Overall: N 9%, NI 29%
MPR in 37 pts
Resected: N 19%, NI 44%
Pathological complete response
(pCR) in 37 pts
Resected: N 10% %, NI 38%
Objective response rate: 20%
(N 22%, NI 19%)
Neoadjuvant chemo- NCT 03081689 I IIIA 46 cases 46 Neoadjuvant: nivolumab ~ MPR: 85.36%
immunotherapy for  (NADIM) 360 mg + paclitaxel Complete pathologic response:
the treatment of 200 mg/m’® + carboplatin; 71%
stage llIA resectable AUC 6, three cycles
NSCLC before surgery, Q3W
Neoadjuvant NCT02927301 I IB 5 cases 37 Neoadjuvant: Disease control rate: 100%
atezolizumab in (LCMC3) IIA 6 cases atezolizumab 1,200 mg, MPR: 19%
resectable NSCLC: IIB 8 cases two cycles before surgery, Surgical completion rate: 35/37
interim analysis of a IIIA 14 cases Q3w > grade 3 adverse event rate: 3%
multi-center study IlIB 4 cases
(INB: T3N2 or
T4 enrolled)
Neoadjuvant NCT02716038 Il IIA 2 cases 14 Neoadjuvant: Disease control rate: 100%
atezolizumab + IIB 1 cases atezolizumab 1,200 mg + MPR: 50%
chemotherapy IIA 11 cases carboplatin, Q3W; nab- Pathological complete response:

in patients with
resectable NSCLC

paclitaxel, D1, D8, D15

21.4%

Surgical completion rate: 11/14
Chemotherapy dose adjustment:
64.3%

to be a pseudo progression.

neoadjuvant therapy.

Surgical treatment (right lower lobectomy plus The patient’s pathology (Figure 3) was considered to

lymphadenectomy) was performed after two cycles of be hyperplasia of interstitial fibrous tissue around the
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CT: primary tumor
lesion had PR.

Two new nodules were
likely considered as
pseudo progression.

Histopathology:
squamous cell
carcinoma.

PD-L1:5%

the tumor.
Formation of

Pathology: No
clear residues of

fibrous nodules in
4R lymph nodes .

CT: No tumor mass and no
lymphadenopathy was observed,
consistent with the changes after
rightlung lobe resection

Diagnosed with 3 weeks
stage Ill NSCLC,

c-T2aN2M0

Two cycles of
neoadjuvant therapy
with TP + K

dorsal bronchus of the lower lobe of the right lung, with
infiltration of lymphocytes, thickening of small vessel
walls, mucus degeneration, and retention of tissue cells,
and mucus in the peripheral alveolar cavity. There were no
clear residues of the tumor, which were considered to be
changed after neoadjuvant immunotherapy. The size of the
lesion was 1.5x1x0.8 cm’. No obvious lesions were found
at the incision of the bronchus. No metastasis was found
in six groups of lymph nodes. For group 4, the formation
of fibrous nodules in the lymph nodes with histocellular
response was observed. Pathological staging was yp-
"TONOMO.

Response evaluation was performed 1 month after
surgery (Table 2; Figures 1E,2D) and 1 month after adjuvant
therapy (Table 2; Figures 1G,2F).

The clinical stage of this case was c-1T2aN2MO0. After
diagnosis, the patient was treated with two cycles of
neoadjuvant therapy with pembrolizumab, combined with
chemotherapy with a regimen of paclitaxel and cisplatin.
Surgical intervention was administered to the right lower
lobe, and hilar and mediastinal lymph nodes. Staging after
surgery was yp-TONOMO. The patient was then treated
with 2 cycles of adjuvant therapy with pembrolizumab plus
TP regimen. Complete response (CR) was achieved after 2
cycles of neoadjuvant pembrolizumab plus chemotherapy.
The preliminary results suggest that there is a good
opportunity for chemotherapy plus immunotherapy. Thus,
the therapeutic strategies and the application of treatment
techniques for stage III NSCLC patients available in the
current era of immunotherapy were considered.

Is the patient achieving pCR after neoadjuvant
chemotherapy plus immunotberapy an isolated case or s
common phenomenon?

Forde et al. were first to investigate neoadjuvant PD-1

© Translational Lung Cancer Research. All rights reserved.

Surgery,
yp-TONOMO

Figure 1 The treatment process for stage ITI non-small cell lung cancer.

1 month

Two cycles of adjuvant
therapy with TP + K

Regular
reexamination

blockade in resectable lung cancer, reporting that 9 of the
20 resected tumors (45%) achieved major pathological
response (MPR). Responses were observed in both PD-L1
positive and PD-L1 negative tumors. There was a
significant correlation between pathological response
and tumor mutation burden (TMB) before treatment.
Furthermore, 8 of the 9 patients evaluated had a systematic
increase in the number of T cell clones, which were found
in both tumor and peripheral blood after PD-1 blockade.

In a multicenter phase II study of neoadjuvant
chemotherapy, PR to neoadjuvant treatment was observed
in 43 of 78 patients (55%) (17). Chaft et al. reported a
similar result with 20 of 45 patients achieving PR for an
objective response rate (ORR) of 45% (18). However,
almost no cases of CR were observed in stage III NSCLC
patients who had undergone neoadjuvant chemotherapy.
Several preoperative chemoradiotherapy studies assessed
the pathologic response in locally advanced NSCLC cases
and found pCR rates ranging from 17% to 45% (19-26).

In this case discussed here, CR was achieved after
completion of two cycles of neoadjuvant pembrolizumab
plus chemotherapy. Similar results from a phase II
multicenter exploratory study (NADIM) showed that 83%
achieved MPR, and 71% achieved pCR. Downstaging
was seen in 90% of cases. According to response
evaluation criteria in solid tumors (RECIST), 29 patients
(71%) achieved PR and 3 patients (7%) achieved CR. A
multicenter study (LCMC3) of neoadjuvant atezolizumab
(atezo) in resectable NSCLC reported that 4 out of 82
patients had pCR (pCR: 5%). According to RECIST, 6
patients were PR, 72 were stable disease (SD), and 4 were
progressive disease (PD). These results indicate that the
overall efficacy of neoadjuvant immunotherapy seems to
be satisfactory and that the addition of immunotherapy to
chemotherapy-based neoadjuvant treatment may provide
further benefits.
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Figure 2 The clinical course of stage III NSCLC. (A) A whole body PET scan was performed when the patient was diagnosed with
NSCLC. Intense FDG uptake was visualized in the lower lobe orifice of the right lung (diameter: 3.5 cm; black arrow), and in the right
hilar and mediastinal (4R) lymph nodes. In this image, the remainder of the FDG uptake was located in the excretory system. (B) Before
treatment, a CT scan also showed that there was a mass in the right lung lower lobe orifice (diameter: 3.5 cm; yellow arrow), (C) with
right hilar and mediastinal (4R) lymphadenopathy (red arrow). (D) After two cycles of neoadjuvant pembrolizumab and chemotherapy, the
tumors in the lung, and (E) the right hilar and mediastinal (4R) lymph nodes had nearly disappeared. (F) After surgery, a CT scan indicated
no tumor mass, which was consistent with the changes after right lung lobe resection. (G) Hilar and mediastinal adenopathies were not
observed. Right pleural effusion was observed. (H) No nodules in the right upper lobe were found before neoadjuvant therapy. (I) After two
cycles of neoadjuvant pembrolizumab and chemotherapy, a chest CT scan revealed two new nodules in the right upper lobe (blue arrow),
which were considered likely to be pseudo progression. (J) Re-examination after surgery with CT revealed new nodules in the same location

of the right upper lobe had disappeared. NSCLC, non-small cell lung cancer.

In this case, the pathological evidence supports the
possibility that some NSCLC patients may obtain clinical
benefit from immunotherapy plus chemotherapy, due to
infiltration of immune-cell into the tumor. The NEOSTAR
study also demonstrated that levels of CD3+, CD103+,
and tissue resident memory CD8+ tumor-infiltrating

© Translational Lung Cancer Research. All rights reserved.

lymphocytes (TILs) were higher in the nivolumab plus
ipilimumab (NI-) regimen compared with N-treated
tumors. Meanwhile, it was observed in radiographic images
that new nodules appeared briefly around the tumor lesion,
which was considered pseudo progression. We thought this
phenomenon was the result of immune-cell infiltration,
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Table 2 Patient evolution course: neoadjuvant therapy with pembrolizumab and chemotherapy (compassionate use) plus surgery plus adjuvant

therapy

Clinical

3 weeks after neoadjuvant therapy
(2019-05-24)

1 month after surgery (2019-06-27)

1 month after adjuvant therapy
(2019-08-20)

Performance status Good Good Good

Appetite Moderate Moderate Moderate, the patient’s weight
was stable

Side-effects Mild gastrointestinal reaction No Mild gastrointestinal reaction

Body weight (kg) From 72 to 71 71 75

Dyspnea No No No

Lymphadenopathy No No No

Visceromegaly No No No

Hb (g/dL) 11.4 11.3 115

Leukocytes 6,640 8,800 13,900

ESR (mm) 68 NA NA

CRP (mg/L) 10.56 31.92 NA

Hepatorenal Normal values Normal values Normal values

biochemistry

Immune parameters Almost normal except CD3+T (82%), Normal value NA

(T, B, NK) CD3+CD4+T (56.5)

Myocardial enzymes  Almost normal NA NA

Thyroid function Almost normal NA NA

Left lung Normal pulmonary auscultation Normal pulmonary auscultation Normal pulmonary auscultation

Chest CT scan Reduction of the lung mass to 1.5 cm
(initially 3.5 cm), and the right hilar
and mediastinal lymphadenopathy.
Two new nodules in the right

upper lobe were found, which was

considered likely pseudo progression

No tumor mass was observed,
consistent with the changes after
right lung lobe resection; hilar and
mediastinal adenopathies were not
observed. Two new nodules in the
right upper lobe had disappeared

No tumor mass was observed,
consistent with the changes after
right lung lobe resection; hilar and
mediastinal adenopathies were
not observed. Results were similar
to those of the previous scan

NA, not available.

rather than the growth of the tumor. Such phenomenon was
also observed in a few other similar studies (27,28).

Other preclinical tumor studies in mice suggested that
PD-1 blockade could enhance the systemic activation
of antitumor T cells, thereby potentially eliminating
micrometastatic cancer, which may help to prevent tumor
recurrence. It is also known that as tumors grow, they
acquire mutations, some of which create neoantigens that
influence the response of patients to ICIs. McGranahan
et al. (29) revealed that CD8 (+) TILs reactive to clonal
neoantigens were identified in early-stage NSCLC and
expressed high levels of PD-1. PD-1 pathway blockade
enhanced the activation of T cells in the early stages. The

© Translational Lung Cancer Research. All rights reserved.

result of the NEOSTAR also showed that NI induced
a higher percentage of non-viable tumor and of tissue
resident memory TILs vs. nivolumab alone (N) (CD3+
81.2% vs. 54.4%, P=0.028; CD8+ 56.2% wvs. 38.3%,
P=0.069). These data suggest that the blockade of PD-1
pathway may enhance antitumor effects due to activation of
host immunity and reduced tumor clonal heterogeneity.

Can RECIST criteria also be applied to the evaluation
neoadjuvant immunotherapy efficacy?

It is widely acknowledged that RECIST-based radiographic

evaluation in cancer immunotherapy trials may be
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Figure 3 Histological characteristics of the lesions. Pre-neoadjuvant therapy hematoxylin-eosin staining for biopsy tissues of primary

lung tumor (A) and immunochemistry results for PD-L1 expression (B) are shown (A,B, magnification x20). Postsurgical intervention

hematoxylin-eosin staining for the tumor bed (C, magnification x10; D, magnification x20) and mediastinal 4R lymphadenopathy (E,

magnification x10) are shown. Hyperplasia of the interstitial fibrous tissue around the dorsal bronchus of the lower lobe of the right lung

with infiltration of lymphocytes was observed. No clear residues of the tumor were apparent. For the mediastinal 4R, the formation of

fibrous nodules in lymph nodes with histocellular response was observed.

not be sufficiently accurate. The pCR of neoadjuvant
immunotherapy is often not consistent with the imaging
manifestations, and clinical manifestations of emerging
immunoreactive nodules or pseudoprogression also tend to
appear. Therefore, effectively predicting the clinical efficacy
of neoadjuvant immunotherapy remains elusive.

iRECIST is a modified set of guidelines for response
criteria in assessing immunotherapeutics, whose purpose is
to ensure consistent design and trial data collection. The
most prominent change in iRECIST is the introduction
of immune unconfirmed progressive disease (iUPD) and
immune confirmed progressive disease (CPD) (30). Tazdait
et al. analyzed response patterns and the discordance
between RECIST 1.1, immune-related (ir) RECIST, and
iRECIST guidelines, and explored the associations between
response patterns and clinical outcome (31) (Zible 3). The

© Translational Lung Cancer Research. All rights reserved.

results showed that patients with atypical responses (pseudo
progressions or dissociated response) had higher overall
survival (OS) compared with those with true progression.
Based on survival analyses, the RECIST 1.1 assessment
underestimated the benefit of immunotherapy in 11% of
the progressive patients. iRECIST and irRECIST identified
these unconventional responses, with a 3.8% discrepancy
rate. Also, the application of PET-CT was helpful in
evaluating the response to immunotherapy in NSCLC.
Metabolic response, as an indicator of tumor activity, may
provide more accurate information about objective response
and disease progression. If patients with residual lesions can
still be assessed by RECIST without fluorodeoxyglucose
(FDG) uptake, they may achieve pCR. Harry et 4l
demonstrated that functional imaging can characterize
tumor activity by measuring glucose uptake, perfusion,
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Table 3 Summary of iRECIST, irRECIST and RECIST Criteria

Details iRECIST irRECIST RECIST 1.1
Target and Sum of the longest diameters of target Sum of the longest diameters of target  Sum of the longest diameters of
non-target lesions (uni-dimensional) lesions (uni-dimensional) target lesions (uni-dimensional)
lesions Measurable lesions are=10 mm in Measurable lesions are=10 mm in Measurable lesions are =10 mm in
diameter (=15 mm for nodal lesions) diameter (=15 mm for nodal lesions) diameter (=15 mm for nodal lesions)
Maximum of five lesions (two per organ) Maximum of five lesions (two per Maximum of five lesions (two per
organ) organ)
New lesion Does not correspond to a formal Does not correspond to a formal Represents PD
progression progression
Is not incorporated in tumour burden The longest diameter will
be added to the total measured umour
burden of all target lesions at baseline
PD iUPD irPD Increase 20% of the sum of LD
Increase 20% of the sum of LD Increase 20% (minimum 5 mm) compared with nadir
compared with nadir (minimum 5 mm) or  in TMTB compared with nadir or (minimum 5 mm) or progression of
progression of non-target lesions or new  progression of non-target lesions or non-target lesions or new lesion
lesion new lesion
Confirmed iCPD New unequivocal progression or Not required
PD Increased size of target or worsened progression from initial PD
non-target lesions visit
Increase in the sum of new target lesions  Appearance of another new lesion
>5 mm
Progression of new non-target lesions
Appearance of another new lesion
CR Disappearance of all target and non- Disappearance of all target and non- Disappearance of all target and
target lesions target lesions non-target lesions
Nodal short axis diameter <10 mm Nodal short axis diameter <10 mm Nodal short axis diameter <10 mm
No new lesions No new lesions No new lesions
PR Decrease of 30% in tumour burden Decrease of 30% in tumour burden Decrease of 30% in tumour burden
relative to baseline relative to baseline relative to baseline
Non-unequivocal progression of non- Non-unequivocal progression of non- Non-unequivocal progression of
target lesions target lesions non-target lesions
SD Neither PR nor PD Neither PR nor PD Neither PR nor PD

PD, progressive disease; iUPD, unconfirmed progressive disease; iCPD, confirmed progressive disease; LD, longest diameters; TMTB,
total measured tumour burden. CR, complete response; PR, partial response; SD, stable disease,

hypoxia, and proliferation, all of which are potential
indicators of tumor cell viability (32). 18F-FDG may also
assist in the diagnosis of pseudo progression that increases
in size but declines in FDG. Retrospective analyses have
revealed that MPR after neoadjuvant chemotherapy was
related to improved OS and disease-free survival (DFS).
Chaft et al. examined neoadjuvant chemotherapy for non-
squamous NSCLC and reported that 22% of tumors
showed MPR, with these responses being associated with
long-term survival (18). Furthermore, MPR has been

recommended as a surrogate endpoint (33,34).

© Translational Lung Cancer Research. All rights reserved.

What are the side effects and safety issues of neoadjuvant
therapy? Do they affect the schedule of treatment
completion?

According to the results obtained in preliminary studies,
neoadjuvant immunotherapy plus chemotherapy was
well tolerated and rarely had side-effect-related delays in
surgery. In the NADIM trial, 46 patients were recruited,
41 of whom had undergone surgery after neoadjuvant
chemo-immunotherapy. Surgery was not delayed in any
case. None of these patients withdrew from the study
preoperatively due to progression or toxicity. In all, 41
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surgeries were performed, and all tumors were deemed
resectable, with RO resection in all patients. Additionally,
the LCMC3 study showed that atezo in the neoadjuvant
setting was well tolerated. There were two treatment-
unrelated grade 5 adverse events (AEs) (cardiac death from
postsurgical resection, death due to disease progression),
29 Gr 3—4 AEs [6 (6%) treatment related], and 90 patients
had surgery. Forde er al. reported similar results in patients
with resectable lung cancer treated with neoadjuvant
PD-1 blockade: neoadjuvant PD-1 blockade had an
acceptable side-effect profile and was not associated with
delays in surgery. Of the 21 tumors that were removed,
20 were completely resected (11). However, side-effects
of neoadjuvant immunotherapy may still affect surgical
treatment in resectable NSCLC. The NEOSTAR study
reported that of the 44 patients who were randomly
assigned, 3 patients received <3 doses due to treatment-
related adverse events (TRAEs) (7%), 34 patients had
surgery after ICIs were administered, and 7 did not undergo
resection. Surgical complications included 2 bronchopleural
fistulas (BPFs) in N and 8 air leaks (5 N, 3 NI). Grade 3-5
TRAESs included a death due to BPF (grade 5, N); grade
3 pneumonia, hypoxia, hypermagnesemia (1 each, all N),
and grade 3 diarrhea (1 NI). As 5 patients failed to undergo
surgery and 1 died perioperatively, neoadjuvant ICIs should
thus be carefully selected for patients with resectable
NSCLC.

Is surgical intervention essential for patients with complete
remission after neoadjuvant immunotherapy?

There may exist scientific and clinical value in developing
comprehensive therapy for solid tumors in NSCLC. In
other solid tumors, including those of rectal cancer and
esophageal cancer (35-39), vigorous surveillance without
surgery may be considered if effective methods to predict
pCR are available. Advances in chemoradiotherapy
for patients with rectal cancer have delineated a select
population of patients who can undergo pCR after surgery.
In Brazil, surveillance of the patients who achieved
pCR led to develop the “watch and wait” protocol (40).
In this approach, patients are identified as having a
clinical complete response (cCR) and followed with
close surveillance by physical examination, endoscopic
assessment, and imaging studies. Thus far, they have
followed prospectively, a highly selected patient population,
which had also been confirmed by other studies (41-43).
Results of studies in NSCLC suggest that pCR analysis

© Translational Lung Cancer Research. All rights reserved.

2067

may be helpful in confirming early signs of treatment
efficacy years before survival data can be obtained, and may
be able to determine the necessity for additional adjuvant
therapy (44). There must be a balance struck between
evaluation of pCR at an optimal timepoint to ensure it is a
representative indicator of treatment-induced cell damage,
without compromising surgical intervention and ultimate
efficacy (45). Antonoff ez 4l.’s univariate analysis (46) of
preoperative chemoradiotherapy for superior sulcus
NSCLC revealed that symptom improvement (alleviation
of pain or neurological symptoms due to compression of the
brachial plexus) and tumor remission by CT were correlated
with pCR, rather than radiation dose. Further analysis
showed that tumor size decline on radiographic evaluation
before surgery may be an independent predictor of
pCR (19). pCR rate in patients with both tumor remission
and symptoms improvement was as high as 88%.

However, from the basis of existing supportive surgery
exemptions, it is still not feasible to do the following:
(I) effectively predict pCR; (II) determine how long the
immediate positive effect of immunotherapy will last, and
whether secondary immune tolerance problems will occur;
(IIT) ascertain whether tumor heterogeneity will contribute
to the clinical value of local surgical intervention.

Is it essential for patients who have been treated with
neoadjuvant immunochemotherapy and surgical
intervention to receive postoperative radiotherapy (PORT)?

The role of PORT in the treatment of NSCLC patients
with yp-TONOMO remains clear. The main role of PORT
is to reduce recurrence in NSCLC patients. Douillard et 4.
conducted a randomized study of adjuvant chemotherapy
in the Adjuvant Navitas International Trial Association
(ANITA) (47). An unplanned subset analysis of patients who
received PORT was performed, and the results showed that
PORT had a positive effect in patients with pN2 disease and
had a negative effect in patients with pN1. Lally ez 4/. (48)
reported a retrospective study on a large database of
NSCLC patients who had undergone PORT. Subset
analysis revealed a significant improvement in survival for
patients with N2 disease (HR, 0.8555; P=0.0077), but a
decrease in survival in patients with NO (heart rate, 1.1176;
P=0.0435) and N1 disease (HR, 1.097; P=0.0196). Other
similar studies also suggest that PORT may be appropriate
for patients with high-risk of local recurrence, such as for
patients with ¢cN2 disease and multiple mediastinal lymph
node metastasis by post-operative pathology (49).

Transl Lung Cancer Res 2020;9(5):2059-2073 | http://dx.doi.org/10.21037/tlcr-20-896



2068 Yang et al. Considerations of treatment on stage Ill NSCLC in the era of immunotherapy

Kwiatkowski et /. performed an interim analysis of
biomarker data from a multicenter study (LCMC3) in
resectable NSCLC patients who received neoadjuvant
atezo (50). The results showed that 4 of 82 patients had
pCR (pCR: 5%), 6 (7.3%) had PR, 72 (87.8%) had SD,
and 4 (4.9%) had PD. With a 12-month DFS rate of 89%,
only 6 patients experienced postoperative recurrence. Thus,
PORT in this population of NSCLC patient might be not
essential. Further prospective studies are needed to confirm
the role of PORT in yp-TONOMO NSCLC patients who
receive neoadjuvant and adjuvant PD-1 blockade and
chemotherapy.

Can concurvent radiotherapy chemotherapy plus
immunotherapy veplace surgery?

In the era of chemotherapeutic agents, the current clinical
trial evidence suggests that there is no significant difference
between surgery and concurrent chemoradiotherapy after
neoadjuvant therapy for stage III NSCLC (51). Eberhardt
et al. reported OS rates of 44% for surgery and 40% for
chemoradiotherapy, and PFS rates of 32% for surgery and
35% for chemoradiotherapy. With a median follow-up of
78 months, 5-year OS and PFS did not differ significantly
between these two different treatments. Based on the
phase 3 PACIFIC trial (9,52,53) study of patients with
unresectable stage III NSCLC without progression after
chemoradiotherapy, Gray et al. (54) updated the OS data
from the PACIFIC trial in 2019 and found that durvalumab
did not reach median OS, but the median OS with placebo
was 29.1 months. The 12-, 24- and 36-month OS rates with
durvalumab and placebo were 83.1% vs. 74.6%, 66.3% uvs.
55.3%, and 57.0% wvs. 43.5%, respectively. The PACIFIC
study indicated a long-term clinical benefit could be gained
with immunotherapy after chemoradiotherapy, which is
established as the standard treatment in unresectable stage
III NSCLC; however, further research as to whether there
is a difference between neoadjuvant therapy surgery and
concurrent chemoradiotherapy followed by immunotherapy
is needed. There is a possibility that concurrent
chemoradiotherapy plus consolidation immunotherapy may
replace surgery in the future.

Which is the optimal comprebensive therapeutic mode to
combine with ICIs for stage IIl NSCLC?

Preliminary studies of pembrolizumab have also
shown encouraging results, and multiple studies are
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ongoing, including two phase III studies: PEARLS
and KEYNOTE-671. PEARLS (MK-3475-091/
KEYNOTE-091) was initiated to study pembrolizumab
(mk-3475) vs. placebo for participants with NSCLC after
resection with or without standard adjuvant therapy.
Meanwhile, Fernando et 4l. (55) conducted a randomized,
double-blind phase 3 study (KEYNOTE-671) to
evaluate neoadjuvant platinum-based chemotherapy with
perioperative pembrolizumab or placebo in resectable stage
IIB or IITA NSCLC. Other therapeutic modes that combine
with ICIs for patients with stage III unresectable NSCLC
also exist (Table 4).

The PACIFIC trial was the first to certify the efficacy
of durvalumab, and it provoked several further questions.
The first concern is the timing of initiation of consolidation
therapy. Uemura et 4/. (52) demonstrated a better PFS when
durvalumab was given within <2 weeks of radiotherapy
(HR, 0.39; 95% CI, 0.26-058), as opposed to >2 weeks
postradiation (HR, 0.63; 95% CI, 0.49-0.80). It appears
then that less than 2 weeks may be a more appropriate
time. However, the mode of previous treatment should also
be taken into account for the timing of initiation adjuvant
immunotherapy.

The second issue is how long adjuvant immunotherapy
should last. At present, there is no definitive evidence
to resolve this issue, as the relevant clinical studies
have offered a variety of conclusions. Patients in the
PACIFIC trial received durvalumab or placebo, 10 mg/kg
intravenously every 2 weeks, for up to 12 months, which
demonstrated long-term clinical benefit with adjuvant
immunotherapy after chemoradiotherapy. A phase 3 clinical
trial NCT03728556) in Guangzhou is recruiting patients
with NSCLC to evaluate the safety and efficacy of CS1001.
An estimated 402 participants with stage III disease will be
randomized to receive either CS1001 or a placebo, every
3 weeks for up to 2 years. In the study of cisplatin and
etoposide plus radiation followed by nivolumab/placebo
for locally advanced NSCLC (NCT02768558), patients
with stage III unresectable disease will receive thoracic
radiation, cisplatin, and etoposide followed by nivolumab
or placebo given every 2 weeks for a year. In the study of
consolidation sintilimab after concurrent chemoradiation
in patients with unresectable stage III NSCLC (consist),
200 mg of sintilimab will be administered intravenously
after concurrent chemoradiation, every 3 weeks until PD.
In a phase 1 clinical trial (NCT02987998) for NSCLC,
consolidation pembrolizumab will be given following the
initial treatment (200 mg IV D1, 21, 42). Furthermore,
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Table 4 Therapeutic modes for stage III unresectable non-small cell lung cancer (NSCLC)
. Primary
) ) ) ) Primary .
Therapeutic style Agent Patient Intervention regimen . Phase completion
endpoint
date
Concurrent therapy Nivolumab TO-3 N2-3 or Arm 1: CCRT + nivolumab Grade >3 I 2020-8
consolidation therapy T4NO0-3 MO Arm 2: Induction pneumonitis
NSCLC chemotherapy followed by
RT + nivolumab
Pembrolizumab 11, A, 1IB CCRT + pembrolizumab Safety, dose I?
Durvalumab Il unresectable CCRT followed by PFS, OS ne
NSCLC durvalumab consolidation
therapy
Nivolumab Il unresectable CCRT followed by nivolumab  PFS, OS n
NSCLC consolidation therapy
Pembrolizumab Il unresectable CCRT followed by PFS, OS
NSCLC pembrolizumab
consolidation therapy
Atezolizumab
Sintilimab Il unresectable CCRT followed by sintilimab ~ PFS 1} 2020-12
(NCT03884192) NSCLC consolidation therapy
CS1001 Il unresectable CCRT followed by CS1001 PFS 1} 2020-9
(NCT03728556) NSCLC consolidation therapy
Induction therapy Tislelizumab Il unresectable Tislelizumab induction PFS 1 2021-8
(NCT03745222) NSCLC therapy followed by CCRT
Atezolizumab Il unresectable Atezolizumab induction DCR I°
NSCLC therapy followed by CCRT
Atezolizumab Il unresectable Atezolizumab induction 0Ss ne
NSCLC therapy followed by CCRT

!, NCT02434081; >, NCT02621398; >, NCT02125461; *, NCT02768558; °, NCT03102242.

a new randomized, placebo-controlled, phase 3 trial
(PACIFIC-5) was conducted in China, which evaluated
durvalumab in patients with stage III, unresectable
NSCLC who did not have disease progression after
chemoradiotherapy. Patients were randomized, in a 2:1 ratio,
to receive durvalumab intravenously, at a dose of 1,500 mg,
or to receive a matching placebo every 4 weeks, until disease
progression. Randomization occurred 1 to 28 days after
chemoradiotherapy and was stratified according to staging
of disease and previous treatment. The primary end points
were PFS and OS. The results of the trial are expected to
be revealed shortly.

The third problem related to identifying the most
comprehensive treatment strategy. With the inclusion
of surgery, it is necessary to arrange the time sequence
and intensity of IClIs, radiation, and chemotherapy.
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Meanwhile, it is also important to determine whether there
is a difference between non-surgery and surgery, or how
much benefits can surgery bring, especially for patients
who achieved CR after neoadjuvant therapy. Thus, further
prospective studies are indispensable to confirm the best
treatment strategy.

Personalized treatment for stage I1I NSCLC

Personalized treatment will inevitably become the focus
of future research. In order to choose the appropriate
comprehensive treatment strategy, big data analytics, which
is based on basic clinical data, biomics data, and radiomics
data, may become an integral part of therapy. Using big
data, valuable information will be extracted from patients
with different clinical biological behaviors and failure
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phenotypes, which could be used as a guide for precision
therapy. Rizvi ef al. analyzed molecular determinants of
responses to PD-1 and PD-L1 blockade in patients with
NSCLC profiled with targeted next-generation sequencing,
and the results demonstrated that targeted NGS could
accurately estimate TMB and that elevated TMB further
improved the likelihood of benefit to ICIs. TMB did not
correlate with PD-L1 expression, with both variables having
similar predictive power (56). Similar results are reported
in advanced NSCLC and in most other cancers (57-60).
Currently, other indicators from the microenvironment
(61,62), include CD8, CD45RO, CD3+, S100 + cells etc.
However, the treatment strategy for patients with stage
III NSCLC is so complex that prediction is exceedingly
difficult, and requires more reliable, comprehensive, and
dynamic predictive measures.

In short, immunotherapy has opened an expansive
exploratory space to discover further improvements in the
clinical efficacy of patients with stage III NSCLC, but has,
at the same time, posed numerous challenges. More clinical
studies and further exploration of personalized treatment,
guided by clinical, pathological, biomarkers, and imaging
data are needed to help these patients.
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