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Background: Patients with locally advanced (stage III) non-small cell lung cancer (NSCLC) demonstrate broad anatomic hetero-
geneity with modest survival benefits. Immune checkpoint inhibitors (ICIs) have shown survival benefit in metastatic NSCLC. We
conducted this study to evaluate the efficacy and safety of neoadjuvant nivolumab in combination with chemotherapy in the treatment
of this population.

Methods: We retrospectively evaluated patients with locally advanced NSCLC receiving neoadjuvant nivolumab and chemotherapy
(paclitaxel with carboplatin) followed by surgery at our institution from January 2019 to January 2020.

Results: A total of 46 eligible patients, 26 males, and 20 females were diagnosed with NSCLC in a stage IIIA (30 cases) and I1IB (16
cases) to receive neoadjuvant treatment. The treatment was well tolerated with just 7 (15.2%) typical immune-related adverse events
(hyperthyroidism, hyperglycemia, and rash) recorded. A total of 45 patients underwent surgical resection, and 43 (95.6%) of them
achieved a RO resection. No major surgical complications were observed. There was a complete response (CR), partial response (PR),
stable disease (SD), and progressive disease (PD) in 2 (4.3%), 26 (56.5%), 17 (37.0%), 6 (26.1%), and 1 (2.2%) patients. Eight patients
resulted in a major pathological response (MPR) (17.4%) and 24 patients had a pathological complete response (pCR) (52.2%). At the
time of data cutoff (June 1, 2021), the median follow-up period was 15.5 months (IQR 3.9-29) and 27 (60%) of 45 patients who had
tumor resection were progression free. At 24 months, progression-free survival was 45.8% and overall survival was 79.9%.
Conclusion: Nivolumab plus paclitaxel and carboplatin could be a potential neoadjuvant regimen for patients with locally advanced
NSCLC, rendering a potentially lethal disease to one that is curable.
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Introduction

Non-small cell lung cancer (NSCLC) accounts for approximately 80% of all lung cancer cases.' Radical surgery remains
the cornerstone of therapy in early-stage NSCLC (stage I-IIIA) with a fair 5-year survival; however, 30-60% of these
patients will develop recurrence or metastasis after surgery.>> In recent years, a large number of studies have explored
neoadjuvant treatments for NSCLC, which demonstrated decent efficacy to reduce the probability of recurrence and
prolong survival.*® A meta-analysis showed that NSCLC patients receiving neoadjuvant chemotherapy yielded an
absolute improvement in 5-year overall survival by 5% (from 40% to 45%).° In this context, more promising neoadjuvant
strategies are strongly required for patients with locally advanced NSCLC.

Recently, immune checkpoint inhibitors (ICIs) have revolutionized the non-small-cell lung cancer treatment land-
scape. The CheckMate and KEYNOTE-trials have shown several inhibitors blocking PD-(L)]1 immune checkpoints as
a mainstay in the treatment of stage IV NSCLC, and nivolumab is one of the first-line therapies.””® In addition, some
trials have reported the efficacy of PD-1 blockade plus chemotherapy in the treatment of advanced NSCLC.'*™"® These
encouraging results have consolidated the theoretical basis for the exploration of ICIs and chemotherapy in the
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neoadjuvant treatment of NSCLC. For instance, in CheckMate-159 trial, neoadjuvant administration of two doses of
nivolumab resulted in a major pathological response (MPR) of 45% and pathological complete response (pCR) of 10% in
resectable stage I-IITA NSCLC patients.'* Gao et al. also demonstrated the therapeutic efficacy of neoadjuvant PD-1
inhibitor (Sintilimab) in patients with resectable NSCLC."> The NADIM trial explored the anti-tumor activity and safety
of neoadjuvant nivolumab combined with standard chemotherapy for resectable stage IITA NSCLC.'® Among the 46
patients who received combined neoadjuvant therapy, the progression-free survival was 77.1% at 24 months; and 41
(89%) patients underwent tumor resection with a MPR of 20% and pCR of 63%. Recently, several retrospective studies
reported that induction ICI-chemotherapy may be a valid treatment in patients with resectable or locally advanced
NScLc.'" "

Our study was aimed to retrospectively evaluate the feasibility, safety, and survival outcomes of neoadjuvant
nivolumab in combination with standard chemotherapy for patients with locally advanced (stage IIIA-IIIB) NSCLC
patients in the real-world setting.

Materials and Methods

Patient Selection

The study was approved by institutional review board of the Xi’an International Medical Center Hospital (201901-KY
-06) and carried out in accordance with the Declaration of Helsinki (as revised in 2013). Written informed consent was
obtained from all patients. We retrospectively enrolled and evaluated patients with locally advanced NSCLC (stage ITIIA—
ITIB according to the 8th edition TNM staging of lung cancer of the American Joint Committee on Cancer)*® receiving
a neoadjuvant nivolumab and chemotherapy followed by surgery at the Xi’an International Medical Center Hospital from
January 2019 to January 2020. The inclusion criteria were as follows: (1) Aging 18 years or older with an Eastern
Cooperative Oncology Group (ECOG) performance status (PS) of 0 or 1; (2) adequate organ function and could undergo
surgical resection; (3) the clinical stage of all patients was confirmed based on the results of positron emission
tomography with computed tomography (PET-CT), contrast enhanced CT, and magnetic resonance imaging (MRI)
before neoadjuvant therapy; (4) with three cycles of nivolumab (360 mg) on day 1 of each 21-day cycle. The exclusion
criteria were as follows: (1) with other anti-tumor treatments before admission; (2) with other significant concurrent
malignant tumors; (3) with known epidermal growth factor receptor (EGFR) mutations or anaplastic lymphoma kinase
(ALK) rearrangements. Standard molecular testing was offered for patients before receiving immunotherapy.

Neoadjuvant and Surgical Procedures

Patients received the following drugs intravenously as neoadjuvant treatment: nivolumab (360 mg), paclitaxel
(200 mg/m?), and carboplatin (area under the curve 6; 6 mg/mL per min) on day 1 of each 21-day cycle, for three
cycles before undergoing surgical resection. Contrast-enhanced CT of the chest was repeated to assess tumor response
within 7 days before surgery. Surgery was scheduled 4-6 weeks after completion of neoadjuvant chemoimmunother-
apy. All surgical resections were performed with video-assisted thoracoscopic surgery or thoracotomy based on
standard institutional procedures. The surgical indicators, including extent of surgery, operative time, bleeding,
hospital stay, and resection margin were first recorded. The postoperative morbidity, mortality, and surgical complica-
tions were also recorded.

Endpoints of the Study

The primary endpoint was disease-free survival (DFS) and overall survival (OS) at 24 months. DFS was defined as the
time from diagnosis until disease recurrence or death, and overall survival defined as the time from diagnosis to date of
death. Secondary endpoints were radiologic response, MPR and pCR, and adverse events (AEs). Radiologic responses
were assessed according to Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1. AEs were graded
according to the NCI-CTCAE (version 4.0). MPR was defined as 10% or fewer residual tumor cells at the time of
surgery, and pCR was defined as tumors without any viable tumor cells.
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Statistical Analyses

All statistical analyses were done using SPSS 20.0 (IBM SPSS Inc., Chicago, IL, USA). Continuous variables were
presented as a mean + standard deviation or median and range when appropriate, while categorical variables were
expressed as counts and percentages. The Chi-square test or Fisher’s exact test were used to compare categorical
variables. The Kaplan-Meier method was used to estimate DFS and OS and corresponding 95% CIs. Differences were
considered to be significant when P <0.05.

Results

Patient Characteristics

Between January 1, 2019, and January 1, 2020, 46 eligible patients were enrolled in this study. The baseline character-
istics are presented in Table 1. There were 26 (56.5%) males and 20 (43.5%) females, and only 3 (6.5%) patients never
smoked. Seventeen (37.0%) of 46 patients had ECOG PS 0, and 29 (63.0%) had ECOG PS 1. Twenty-seven (58.7%) of
46 patients had squamous carcinoma, and 19 (41.3%) had adenocarcinoma. Thirty (65.2%) patients had stage IIIA and 16
(34.8%) had stage I1IB. Tumor PD-L1 expression at baseline was 1% or lower in 16 (34.8%) patients and 50% or higher
in 12 (26.1%) patients. After receiving the neoadjuvant chemo-immunotherapy, 45 patients underwent surgical resection.

Table | Patient Characteristics

Characteristics Patients (n = 46)
Age 63 (56-73)
Sex

Male 26 (56.5%)

Female 20 (43.5%)
History of smoking

Current/ex-smoker 43 (93.5%)

Never-smoker 3 (6.5%)
ECOG PS

0 17 (37.0%)

| 29 (63.0%)
BMI, kg/m? 24.51 (24.12-28.62)
Pathological type

Squamous carcinoma 27 (58.7%)

Adenocarcinoma 19 (41.3%)
Clinical T stage

TI 4

T2 I

T3 16

T4 15
Clinical N stage

NO 10

NI 15

N2 21
Clinical stage

A 30 (65.2%)

1B 16 (34.8%)
PD-LI expression

<1% 16 (34.8%)

1-50% 18 (39.1%)

250% 12 (26.1%)
Adjuvant nivolumab (at least | cycle) 34 (73.9%)

Abbreviations: BMI, body mass index; PD-LI, programmed death-ligand I.
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One patient did not receive surgery due to brain metastases. Thirty-four (73.4%) patients received at least one cycle of
adjuvant nivolumab.

Surgical Treatment

The surgical details are reported in Table 2. Of these 45 patients, 29 (64.4%) had video-assisted thoracoscopic surgery
and 16 (35.6%) had a thoracotomy; 32 (71.1%) patients underwent lobectomy, 10 (22.2%) patients underwent bilobect-
omy, and 3 (6.7%) patients underwent pneumonectomy. Forty-three (95.6%) patients achieved a RO resection and 2
(4.4%) patients had a R1 resection. The median operation time was 220 minutes (IQR 70-360), the median amount of
blood lost was 190 mL (IQR 60-560), and the median hospital stay was 8 days (IQR 4—18). There was no 30- or 90-day
mortality or any other serious surgical complications. No surgical complications were related to neoadjuvant treatment.

Table 2 Surgical Procedures

Characteristics Patients (n = 45)

Type of surgery

Video-assisted thoracoscopic surgery 29 (64.4%)

Thoracotomy 16 (35.6%)
Surgical resection

Lobectomy 32 (71.1%)

Bilobectomy 10 (22.2%)

Pneumonectomy 3 (6.7%)
Operation time, min 220 (70-360)
Bleeding, mL 190 (60-560)
Hospital stay, days 8 (4-18)

Resection margins

RO 43 (95.6%)
RI 2 (4.4%)
R2 0 (0%)
Surgical complications

Intraoperative blood transfusion 4 (8.9%)
30- and 90-day mortality 0 (0%)
Postoperative arrhythmia 1 (2.2%)
Urinary tract infection or urinary retention | 2 (4.4%)

Table 3 Radiologic Responses and Pathologic Responses

Characteristics

Patients (n = 46)

Radiologic responses

Complete response 2 (4.3%)

Partial response 26 (56.5%)

Stable disease 17 (37.0%)

Progression disease I (2.2%)
Pathologic responses

Incomplete pathological response 14 (30.4%)

Major pathological response 8 (17.4%)

Complete pathological response
Pathological T down-staging
Pathological N down-staging (to NI or NO)

24 (52.2%)
36 (78.2%)
30 (65.2%)
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Radiologic and Pathologic Responses

The radiologic and pathologic responses are summarized in Table 3. Of all 46 patients, 2 (4.3%) patients had a complete
response (CR), 26 (56.5%) patients had a partial response (PR), 17 (37.0%) had a stable disease (SD), and 1 (2.2%) had
a progressive disease (PD). According to postoperative pathological results, 8 (17.4%) patients who underwent surgery
had a MPR, 24 (52.2%) patients had a pCR, and 14 (30.4%) patients had incomplete pathological response. Thirty-six
(78.2%) patients achieved pathological T downstaging and 30 (65.2%) patients attained pathological N downstaging.

Survival Outcomes

At the time of data cutoff (June 1, 2021), 27 (60%) of 45 patients who had tumor resection were alive without recurrence,
with a median follow-up of 15.5 months (IQR 3.9-29). One (2.2%) patient who did not undergo surgery had disease
progression and died; 18 (39.1%) patients who underwent surgery had disease progression, of whom 5 (10.9%) had died.
Detailed disease progression sites are shown in Table S1, with 7 (38.9%) cases with cervicothoracic lymph node, 6
(33.3%) with lung recurrence, 2 (11.1%) with pleural dissemination, 2 (11.1%) with bone metastases, and 1 (5.6%) with
brain metastases. In the entire patient cohort, the median DFS was 21.3 months and the median OS was not reached
(Figure 1). The DFS rate was 67.0% at 12 months, 53.4% at 18 months, and 45.8% at 24 months; the OS rate was 90.5%
at 12 months, 86.6% at 18 months, and 79.9% at 24 months (Figure 1).

Adverse Events

The AEs in detail are shown in Table 4. Of all 46 patients, 38 (82.6%) had treatment-related AEs of grade 1 or 2 during
neoadjuvant treatment and 9 (19.6%) had AEs of grade 3 or worse. The most common treatment-related grade 1 or 2 AEs
were leukopenia (13 [28.3%]), neutropenia (13 [28.3%]), thrombocytopenia (11 [23.9%]), vomiting (10 [21.7%)]), fatigue
(15 [32.6%]), and alopecia (14 [30.4%]). The most common treatment-related grade 3 or worse AEs included anorexia (2
[4.3%]), vomiting (1 [2.2%]), fatigue (3 [6.5%]), alopecia (2 [4.3%]), and arthralgia or myalgia (1 [2.2%]). Seven
(15.2%) patients had typical immune-related AEs including grade 1-2 hyperthyroidism, hyperglycemia, and rash. No
treatment-related deaths were reported.

Subgroup Analysis

In subgroup analyses by pathological response, patients with a MPR had better DFS (P = 0.005, Figure 2A) and OS (P =
0.017, Figure 2B) than those with incomplete pathological response. Moreover, optimal DFS (P <0.001, Figure 2C) and
OS (P = 0.010, Figure 2D) were determined in patients with a pCR compared with those with incomplete pathological
response. No differences in DFS (P = 0.870, Figure 3A) and OS (P = 0.453, Figure 3B) were observed between patients
with PD-L1 positive or negative. As shown in Table S2, no significant association was found between PD-L1 status and
radiological or pathological responses. In terms of adjuvant nivolumab, no significant survival benefits regarding DFS
(P = 0.926, Figure 3C) and OS (P = 0.278, Figure 3D) were obtained in patients receiving adjuvant nivolumab.
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Figure | Kaplan-Meier survival curves in all patients. (A) Disease-free survival. (B) Overall survival.
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Table 4 Treatment-Related Adverse Events During Neoadjuvant Treatment (n = 46)

Grade 1-2 Grade 3 Grade 4

Any treatment-related adverse event 38 (82.6%) 9 (19.6%)
Anemia 6 (13.0%)

Leukopenia 13 (28.3%)

Neutropenia 13 (28.3%)

Thrombocytopenia 11 (23.9%)

Anorexia 12 (6.7%) 2 (4.3%)
Vomiting 10 (21.7%) I (2.2%)
Diarrhea 5 (10.9%)

Constipation 3 (6.5%)

Fatigue 15 (32.6%) 3 (6.5%)
Alopecia 14 (30.4%) 2 (4.3%)
Hypothyroidism 3 (6.5%)

Rash 2 (4.3%)

Hyperglycemia 2 (4.3%)

Arthralgia or myalgia 3 (6.5%) 1 (2.2%)

Discussion
This is the first observational study to test the safety, feasibility, antitu

mor activity, and survival outcomes of neoadjuvant

nivolumab combined with chemotherapy for locally advanced NSCLC patients (stage IIIA-B) in a real-world setting.
Our study yielded promising results with a DFS of 45.8% and an OS of 79.9% at 24 months. It is also encouraging for
patients to achieve a MPR of 17.4% and a pCR of 52.2%. The neoadjuvant treatment was safe and well tolerated with

reasonable AEs.
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Figure 2 Kaplan-Meier survival curves stratified by pathological responses. (A and B) Disease-free survival (A) and overall survival (B) based on major pathological
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Patients with stage III NSCLC employ broad anatomic heterogeneity, covering a wide extent of local invasion and
nodal involvement. Despite recent improvements in multimodal treatments including neoadjuvant chemotherapy, the
survival benefit for patients with NSCLC and nodal disease (N1-N2) was only 4-5%,?' which cast a shadow for
management of this population. Recent thriving ICIs have reshaped the neoadjuvant treatments on the theoretical basis
that they could induce a stronger adaptive antitumor response and release neoantigens from dying tumor cells before
surgical resection.”” The recent PACIFIC trial demonstrated the promising efficacy of durvalumab in combination with
chemoradiotherapy for patients with locally advanced NSCLC.'?

Previous concern with neoadjuvant treatment remains the delay of surgery due to disease progression or serious
treatment-related AEs during neoadjuvant treatment. In this study, only one patient did not proceed to surgery due to
brain metastases, and almost all patients were able to proceed to surgery. Neoadjuvant nivolumab and chemotherapy did
not delay planned surgery. In our study, 21 (45.7%) of 46 patients had multiple level N2 disease, which is considered
unresectable by some. Notably, this neoadjuvant chemoimmunotherapy yielded promising results in downstaging with
78.2% of patients achieving pathological T downstaging and 65.2% of patients obtaining pathological N downstaging.
Surgery was planned based on the tumor extension after neoadjuvant chemoimmunotherapy. Our neoadjuvant chemoim-
munotherapy could increase the chance of patients who were assumed to be inoperable to have curative surgery. The
effect of neoadjuvant chemoimmunotherapy on the technical aspects of lung resection is difficult to quantitatively assess.
Commonly used surrogates that are indicative of a difficult operation include blood loss, operative time, hospital stay,
and perioperative complications. In this study, blood loss was minimal, operative time and hospital stay were reasonable,
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and the rate of surgical complications was low. The vast majority of patients had RO resection, which underlines the
feasibility and utility of resection in this population.

Early neoadjuvant nivolumab monotherapy trials reported a MPR of 45% and a pCR of 15% for patients with
resectable early (stage I-IITA) NSCLC.'* Bott et al. also reported a MPR of 45% and a pCR of 10% for patients with
resectable NSCLC (stage TA—IIIA) receiving resection following neoadjuvant nivolumab.”> However, the NEOSTAR
trial of nivolumab only showed a MPR of 17% and a pCR 9% for patients with stage I-IIIA (single N2) resectable
NSCLC.** Comparison with previous studies on induction ICI for NSCLC has been summarized in Table S3 with a MPR
of 20-57% and pCR of 4-63%. In this study, the MPR (17.4%) and pCR (52.2%) were impressive for all patients after
neoadjuvant chemoimmunotherapy. Moreover, we also showed a favorable survival outcome including DFS and OS.
However, the NADIM trial,'® which explored the efficacy of neoadjuvant nivolumab combined with standard che-
motherapy, acquired better pathological and survival outcomes with a MPR of 20%, a pCR of 63%, and a DFS of 77.1%
and an OS of 89.9% at 24 months. The main reason for the difference might be that the NADIM trial only included
patients with stage IIIA NSCLC, while our study had 16 (34.8%) patients with stage IIIB NSCLC. Our data on AEs
indicate that the neoadjuvant treatment regimens used in this study were well tolerated, with toxic effects similar to data
previously reported on paclitaxel and carboplatin.”® In addition, immune-related AEs were well monitored and managed,
which is consistent with the findings on immunotherapy in a series of studies.'®'%*

Subgroup analysis demonstrated that patients with negative PD-L1 expression did not have worse radiological or
pathological responses and survival benefit. In another words, patients benefited from neoadjuvant chemoimmunother-
apy regardless of PD-L1 expression, which was consistent with the findings of several studies.”’ Pathological
responses including MPR and pCR were associated with better survival outcomes, which further reinforces the
relevance of the pathological response as a potential survival surrogate. In addition, adjuvant nivolumab appeared
not to be correlated to survival benefits; however, the results need to be interpreted with caution on the basis of small
sample sizes.

There are different neoadjuvant therapies including immunotherapy, chemotherapy, and chemoradiotherapy for
locally advanced NSCLC. A meta-analysis showed that neoadjuvant chemotherapy had a significant survival benefit
for patients with NSCLC, with a 5-year OS benefit increased by 5%.° Huang et al. reported a better pathological response
in neoadjuvant immunotherapy compared with neoadjuvant chemotherapy in stage III (N2) NSCLC,'® with a MPR of
12.8% and a pCR of 2.6% in the neoadjuvant chemotherapy group. In terms of neoadjuvant chemoradiotherapy,
a retrospective multi-institutional Phase II study compared the pathological responses of neoadjuvant chemotherapy or
chemoradiotherapy in stage III (N2) NSCLC,*® which reported a MPR of 54.5% in the tumor and 80% downstaging in
the neoadjuvant chemoradiotherapy group, and 9.5% and 33.3% in the neoadjuvant chemotherapy group, respectively.
Neoadjuvant immunotherapy or chemoradiotherapy appeared to obtain better pathological responses than neoadjuvant
chemotherapy, and more well-designed head-to-head studies should be conducted comparing neoadjuvant immunother-
apy and chemoradiotherapy with robust results.

There are several limitations in this research. Firstly, this is a single-center, retrospective study with inherent selection
bias, which needs to be validated in multiple centers with more samples. Secondly, the follow-up period was limited, and
the 3- or 5-year DFS and OS after neoadjuvant chemoimmunotherapy will be observed in future study.

Conclusions

In the neoadjuvant setting, nivolumab combined with chemotherapy resulted in favorable survival outcomes, as well as
high rates of MPR and pCR, among patients with locally advanced NSCLC. This combination regimen is safe and
feasible, which represents a promising therapeutic option for this population.
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