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non-small cell lung cancer
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Background: Neoadjuvant chemoimmunotherapy (NCIO) is more effective

than neoadjuvant immunotherapy alone for pathological response in non-

small cell lung cancer (NSCLC) patients, but the processes for determining

patient suitability for its implementation are not clear. We aimed to identify the

most relevant factors and build a convenient model to select NSCLC patients

who would benefit most from NCIO.

Methods: We retrospectively collected the clinical data of patients with locally

advanced NSCLC who received NCIO followed by surgery at our institution

between January 2019 and July 2022.

Results: A total of 101 eligible stage IIB-IIIC NSCLC patients were included.

After NCIO, all patients successfully underwent surgical resection. A total of

46.53% (47/101) of patients achieved pathological complete response (pCR),

and 70.30% (71/101) achieved major pathologic response (MPR). Tumor

regression rate (adjusted odds ratio OR = 12.33), PD-L1 expression (adjusted

odds ratio (OR) = 9.66), pembrolizumab/nab-paclitaxel–based regimens

(adjusted OR = 4.92), and comorbidities (adjusted OR = 0.16) were
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independently associated with pCR rate (all P < 0.05). Tumor regression rate

(adjusted OR = 8.45), PD-L1 expression (adjusted OR = 5.35), and presence of

squamous cell carcinoma (adjusted OR = 7.02) were independently associated

with MPR rate (all P < 0.05). We established and validated an easy-to-use

clinical model to predict pCR (with an area under the curve [AUC] of 0.848) and

MPR (with an AUC of 0.847). Of note, the present study showed that CD4+ T-

cell count/rate and total cholesterol (TC) and high-density lipoprotein

cholesterol (HDL-C) levels in the peripheral blood of pre-NCIO patients were

also significantly correlated with pathological response in univariate analyses.

Conclusions: The tumor regression rate, PD-L1 expression, pembrolizumab/

nab-paclitaxel–based regimens, presence of squamous cell carcinoma, and

comorbidities were the main influential factors for incidence of pCR/MPR in

patients with stage IIB-IIIC NSCLC in the present study. Through predictive

models, we can predict who will benefit most from NCIO prior to the

emergence of clinical outcomes in locally advanced NSCLC.
KEYWORDS

non-small cell lung cancer, neoadjuvant chemoimmunotherapy, surgery, pathologic
complete response, major pathologic response
1 Introduction

According to 2020 cancer statistics (1), lung cancer was the

second most commonly diagnosed cancer and the leading cause

of cancer death worldwide. The prognosis of lung cancer is very

poor; the 5-year overall survival (OS) rate is only 4–17% (2).

Non-small cell lung cancer (NSCLC) accounts for 85% of lung

cancers. Most NSCLC patients are diagnosed with locally

advanced or metastatic disease, and the 5-year OS rate for

locally advanced NSCLC is only 15–25% (3). Loss of radical

surgical opportunity is one of the main reasons for poor

prognosis. Neoadjauvant chemotherapy can only raise the 5

year OS rate by approximately 5-6% compared to surgery alone.

(4). Therefore, exploring new, more effective neoadjuvant

treatment regimens is pressing.

The emergence of immunotherapy has already changed the

landscape of NSCLC treatment in the past decade. Immune

checkpoint inhibitors (ICIs), which are the current leading

immunotherapy drugs, have already improved the objective

response rate (ORR), progression-free survival (PFS), and OS of

advanced NSCLC (5). In 2018, two doses of nivolumab

neoadjuvant immunotherapy (NIO) in untreated, resectable stage

I-IIIA NSCLC achieved 45% (9/20) major pathologic response

(MPR) and 15% (3/20) pathologic complete response (pCR) (6).

After this inspiring beginning, the subsequent trial of sintilimab

alone also demonstrated similar results (7). In September 2022, a

more encouraging result was reported: two doses of neoadjuvant

atezolizumab achieved an 80% 3-year OS rate in IB–IIIB NSCLC,
02
although the MPR was only 20% (29/143) (8). Neoadjuvant

chemoimmunotherapy (NCIO) may have a better effect, at least

in pathological response at present. In the NADIM trial for

resectable stage IIIA NSCLC (9), three cycles of neoadjuvant

nivolumab plus chemotherapy achieved an MPR of 83% (34/41)

and a pCR of 63% (26/41). The PFS rate at 18 or 24 months in the

pCR group was significantly higher than that in the non-pCR

group (96.2% vs. 57.1%, P = 0.0023). The OS rate at 18 or 24

months in the pCR/MPR group was also higher than that in the

non-pCR group (100% vs. 85.7%, P = 0.002). In the CheckMate 816

trial, which included IB-IIIA resectable NSCLC (10), compared

with neoadjuvant chemotherapy alone group, the NCIO group

achieved a higher pCR rate (24.0% vs. 2.2%, OR = 13.94, P < 0.001),

longer median event-free survival (EFS) (31.6 months vs. 20. 8

months, HR = 0.63, P = 0.005), and OS (both did not reach, HR =

0.57, P = 0.008).

Based on these studies, the implementation of NCIO may

change the mode of neoadjuvant treatment in NSCLC. However,

only a portion of patients can benefit from NCIO, and biomarkers

for selecting the most suitable populations of NSCLC are unclear,

such as the suitable histology type, stage, PD-L1 expression, and

peripheral blood biomarkers. Moreover, previous studies were

mainly focused on resectable NSCLC, and studies on locally

advanced NSCLC are scarce. Therefore, we carried out this study

and hypothesized that efficacy of NCIO would be associated with

certain identifiable factors and that these factors might be

informative for predicting patients’ benefits prior to the

emergence of clinical outcomes in locally advanced NSCLC.
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2 Materials and methods

2.1 Study design and patients

We retrospectively reviewed the clinical records of NSCLC

patients who underwent surgery at The Second Xiangya Hospital

of Central South University between January 2019 and July 2022.

The inclusion criteria were as follows :(1) aged 18 years or older,

(2) pathologically confirmed treatment-naive NSCLC, (3) clear

clinical stage according to tumor staging (8th edition) of

American Joint Committee on Cancer (11) and deemed

challenging to resect per multidisciplinary team evaluation, (4)

NCIO utilized, (5) postsurgical pathologic response assessment

performed, and (6) an Eastern Cooperative Oncology Group

score of 0 or 1. Exclusion criteria were as follows: (1) above

inclusion criteria not satisfied, (2) presence of distant metastasis

(M1 stage), (3) contraindications to immunotherapy, (4) history

of other malignant tumors in the past 5 years, and (5) known

EGFR/BRAF p.V600E mutat ions , ALK/ROS1/RET

rearrangements, MET amplification, or METex14 skipping

mutation. The study adhered to the Declaration of Helsinki

and approved by the Review Board and Ethics Commission of

The Second Xiangya Hospital of Central South University

(2022-K060).
2.2 Neoadjuvant chemoimmunotherapy

Patients received the following drugs intravenously:

pembrolizumab (200 mg), tislelizumab (200 mg), sintilimab

(200 mg), camrelizumab (200 mg), nivolumab (360 mg),

toripalimab (240 mg), paclitaxel (135–175 mg/m2), paclitaxel

liposome (135–175 mg/m2), nab-paclitael (260 mg/m2),

pemetrexed (500 mg/m2), gemcitabine (1000 mg/m2, d1, d8),

carboplatin (AUC, 5; 5 mg/ml per min), cisplatin (80–100mg/

m2), on day 1 of each 21-day cycle with a total of one to five

cycles. Generally, pemetrexed-based chemotherapy/ICI

regimens are for adenocarcinoma, and other chemotherapy/

ICI regimens are for nonadenocarcinoma.
2.3 Outcomes

The primary endpoints were the pCR rate and MPR rate.

The definition of pCR was the absence of viable tumor cells in

primary and metastatic lymph nodes, and MPR was defined as ≤

10% of viable tumor cells in the primary tumor bed, regardless of

whether there were viable tumor cells in metastatic lymph nodes

(12). The radiographic response was assessed according to the

Response Evaluation Criteria in Solid Tumors (RECIST v1.1)

guidelines (13). PFS was defined as the time from the initiation

of NCIO to disease progression or death. OS was defined as the
Frontiers in Oncology 03
time from the initiation of NCIO to death. AEs were graded

according to the NCI-CTCAE (version 4.0).
2.4 Statistical analyses

Two groups’ continuous variables with a normal distribution

and homogeneity of variance were expressed as the mean ±

standard deviation and compared by independent samples t-test.

Two groups’ continuous variables with a nonnormal distribution

or heterogeneity of variance were expressed as the median

(interquartile range, IQR) and compared by the Mann

−Whitney U test. Categorical variables were expressed as

numbers (%) and compared by the Chi-square test or Fisher’s

exact test. Receiver operating characteristic (ROC) curves were

used to assess the predictive power of continuous variables. This

study used univariate logistic regression analyses to calculate the

odds ratio (OR) value and multivariate logistic analyses to

calculate the adjusted OR value. The Kaplan−Meier method

was applied to estimate PFS and OS. The above statistical

analyses were performed using SPSS 25.0. GraphPad Prism 8

was used to draw and fuse different ROC curves into one figure.

MedCalc v20 was used to compare the AUC of the ROC curves.

The Rms package of R4.2.1 was used to construct nomograms

and calibration curves and perform cross validations, and the

pROC package was used to construct the ROC curves and

calculate the AUC values of the models. P < 0.05 was

considered to be statistically significant.
3 Results

3.1 Patient characteristics

One hundred and one eligible NSCLC patients were

included. The clinicopathological characteristics of the patients

are presented in Table 1.
3.2 Neoadjuvant chemoimmunotherapy
and adverse events

Patients received a median of three cycles of NCIO before

surgery. Among them, two patients only received one cycle of

NCIO due to an allergic reaction after treatment, but they

continued with treatment and completed two and three cycles

of chemotherapy, respectively. Thirty-six and 37 patients received

two and three cycles of NCIO, respectively. Twenty and six

patients received four and five cycles of NCIO, respectively.

During NCIO, the most common grades 1–2 AEs were anemia

(66.34%), hyperbilirubinemia (63.37%), and alopecia (46.53%).

The most common grade 3 or worse AEs were anorexia (7.92%),
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peripheral sensory neuropathy (4.95%), and nausea/vomiting

(3.96%) (Table 2). No deaths were observed.
3.3 Surgical outcomes and complications

After NCIO, all patients underwent surgical resection; the R0

resection rate was 100% (101/101), and the N2 patients’

downstaging rate was 86.57% (58/67). The most common

perioperative complications were pneumothorax (21.78%), pleural
TABLE 1 Clinicopathological characteristics.

Characteristics Patients (n = 101)

Gender

Male 93 (92.08%)

Female 8 (7.92%)

Age (years), median (IQR) 58 (55–65)

Smoking history

No 36 (35.6%)

Yes 65 (64.4%)

Comorbidities

No 38 (37.62%)

Yes 63 (62.38%)

Differentiationa

Well 9 (9.47%)

Moderate 25 (26.32%)

Moderate–Poor,
Poor, undifferentiated

61 (64.21%)

Histology

Squamous carcinoma 70 (69.3%)

Adenocarcinoma 23 (22.8%)

Adenosquamous 2 (2.0%)

Uncategorized 2 (2.0%)

Othersb 4 (4.0%)

Clinical T stage

T1 12 (11.88%)

T2 39 (38.61%)

T3 21 (20.79%)

T3 29 (28.71%)

Clinical N stage

N0 13 (12.87%)

N1 14 (13.86%)

N2 66 (65.35%)

N3 8 (7.92%)

Clinical TNM stage

IIB 12 (11.88%)

IIIA 52 (51.49%)

IIIB 33 (32.67%)

IIIC 4 (3.96%)

PD-L1 expressionc

(Continued)
TABLE 1 Continued

Characteristics Patients (n = 101)

<1% 13 (14.29%)

1–49% 48 (52.75%)

≥50% 30 (32.97%)

Median (IQR) 15 (1–60)

Ki-67 expressiond

<49% 30 (37.50%)

≥50% 50 (62.50%)

Median (IQR) 60 (40–70)

Treatment cycles

≤2 cycles 38 (37.62%)

≥3 cycles 63 (62.38%)

Immunotherapy regimense

Pembrolizumab 37 (37.00%)

Terezumab 30 (30.00%)

Schindelimab 18 (18.00%)

others 15 (15.00%)

Chemotherapy regimens

Nab-paclitaxel–based 66 (65.35%)

Pemetrexed-based 24 (23.76%)

Others 11 (10.89%)

Radiographic responsef

nonORR 17 (18.09%)

ORR 77 (81.91%)

Pathologic response

pCR 47 (46.53%)

MPRg 71 (70.30%)
IQR, interquartile range; PD-L1, programmed death receptor-1 ligand; pCR, pathologic
complete response; MPR, major pathologic response; a: six cases were not given exact
differentiation grade; b: one large-cell carcinoma, one sarcomatoid carcinoma,1
undifferentiated, one lymphatic epithelioma-like carcinoma; c: 10 cases were not
available PD-L1 data;
d: 21 cases were not available Ki-67 data; e: one case was not known exact name of PD1
inhibitor; f: seven cases cannot be exact assessed; g: MPR included 50 pCR cases.
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effusion (17.82%), and chylothorax (3.96%), with no deaths at 30 or

90 days after surgery (Complementary Table 1).
3.4 Radiographic and pathological
response assessments

After NCIO, seven patients were excluded from radiographic

response assessment due to unavailability of precise tumor size

data, since tumor lesions combined atelectasis, patches of

inflammation shadows or radiographic data were kept in

other hospitals.

The complete response (CR), partial response (PR), stable

disease (SD), and progressive disease (PD) rates were 7.45%

(7/94), 74.47% (70/94), 18.09% (17/94), and 0.00% (0/94),

respectively. The ORR rate was 81.94% (77/94), and the

disease control rate (DCR) was 100% (94/94). After surgery,

all patients’ specimens were subjected to pathological response

assessment. The pCR rate was 46.53% (47/101), and the MPR

rate was 70.30% (71/101) (including 47 pCR patients).
3.5 Recurrence and survival

Until September 2022, the median follow-up time was 12

(IQR: 7–16) months. Seven patients relapsed, and three patients

died due to disease progression. The median PFS and OS were

not reached, and the 1-year PFS and 1-year OS rates were

91.80% and 96.60%, respectively (Figure 1).
3.6 Factors associated with pCR or MPR

The associations between clinicopathological factors and the

pCR and MPR are presented in Table 3. Many factors were

significantly associated with the pCR andMPR. Briefly, histology

type, PD-L1 expression of pre-NCIO, pembrolizumab/nab-

paclitaxel–based regimens, tumor size of post-NICO, tumor

regression rate, ORR, max of standardized uptake value

(SUVmax) of tumor post-NCIO, △SUVmax rate (SUVmax

reduced rate) of tumor post-NICO were commonly associated

with the pCR and MPR rates (all P < 0.05). In addition,

comorbidities, differentiation grade, hemoglobin, and CD4+ T-

cell count/rate of pre-NCIO were specifically significantly

associated with the pCR rate (all P < 0.05); carcinoembryonic

antigen (CEA), total cholesterol (TC), and high-density

lipoprotein cholesterol (HDL-C) of pre-NCIO were specifically

significantly associated with the MPR rate (all P < 0.05).

We also found that pembrolizumab/chemotherapy regimens

were more effective than other ICI/chemotherapy regimens, and
Frontiers in Oncology 05
nab-paclitaxel–based/ICI regimens were more effective than

other chemotherapy/ICI regimens (Complementary Table 2).
3.7 ROC curve analyses

Regarding the above significant continuous variables, we

further analyzed their predictive ability and cutoff values for pCR/

MPR with ROC curves. The results showed that except for

hemoglobin level (P = 0.080) and TC level (P = 0.078) of pre-

NCIO, all of the other continuous variables had significant

predictive ability (all P < 0.05) (Table 4 and Figure 2). In

addition, we compared the AUCs of the ROC curves. Briefly, for

both pCR and MPR, the AUC of SUVmax of tumor post-NCIO

was significantly larger than that of PD-L1 expression of pre-NCIO

and tumor size of post-NCIO (all P < 0.05); and the AUC of

△SUVmax rate of tumor post-NICO was significantly larger than

that of PD-L1 expression of pre-NCIO (P < 0.05). In addition, for

MPR alone, the AUC of tumor regression rate, SUVmax of tumor

post-NCIO, and △SUVmax rate of tumor post-NCIO were

significantly larger than the CEA of pre-NCIO, HDL-C of pre-

NCIO, and tumor size of post-NCIO (all P < 0.05) (Complementary

Table 3). After dividing cutoff values, we compared continuous

variables again by the Chi-square test, and all of them demonstrated

statistical significance (Complementary Table 4).

We also compared the pCR and MPR rate at PD-L1

expression levels of 1%, 25%, and 50%, and the P-value was

only significant for MPR when PD-L1 expression was 25% (P =

0.040) (Complementary Table 5), and its corresponding OR

value was 2.69 (P = 0.043).
3.8 Univariate and multivariate logistic
regression analyses

Regarding the above significant continuous variables in ROC

curves and categorical variables associated with pCR or MPR, we

further tested OR values in univariate logistic analyses. As a

result, only the differentiation grade was not significant (P =

0.075), and all the other variables were significant (all P < 0.05)

(Table 5). In particular, the OR of △SUVmax rate of tumor

post-NCIO could not be exactly calculated due to 100%

specificity at the cutoff value (76.76%), and no positive cases

were present in the non-MPR group, so we excluded it from

further multivariate analyses.

In addition, it was essential to have a suitable number of

factors for entry into multivariate analyses. Therefore, we further

excluded a relative small number of factors, that is, CD4+ T-cell

count of pre-NCIO (n = 39), CD4+ T-cell rate of pre-NCIO (n =

40), SUVmax of tumor post-NCIO (n = 50) and△SUVmax rate
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of tumor post-NCIO (n = 31), even though they had significance

in univariate analyses. Then, the remaining six significant factors

(comorbidities, presence of squamous cell carcinoma (SCC), PD-

L1 expression of pre-NCIO, pembrolizumab/nab-paclitaxel–

based regimens, tumor size of post-NCIO, and tumor regression

rate) of pCR and seven significant factors (presence of SCC, PD-

L1 expression of pre-NCIO, CEA of pre-NCIO, HDL-C of pre-
Frontiers in Oncology 06
NCIO, pembrolizumab/nab-paclitaxel–based regimens, tumor

size of post-NCIO, tumor regression rate) of MPR were chosen

for the multivariate logistic regression model. Finally, the results

showed that comorbidities (adjusted OR = 0.16), PD-L1

expression of pre-NCIO (adjusted OR = 9.66), pembrolizumab/

nab-paclitaxel–based regimens (adjusted OR = 4.92), and tumor

regression rate (adjusted OR = 12.33) were independently
TABLE 2 Adverse events during neoadjuvant immunochemotherapy.

Variables Grades 1–2 Grades 3–4

Symptoms

Nausea 38 (37.62%) 4 (3.96%)

Vomiting 24 (23.76%) 4 (3.96%)

Anorexia 33 (32.67%) 8 (7.92%)

Diarrhea 13 (12.87%) 2 (1.98%)

Constipation 23 (22.77%) 3 (2.97%)

Fatigue 27 (26.73%) 2 (1.98%)

Alopecia 47(46.53%) 0 (0.00%)

Pruritus 35 (34.65%) 3 (2.97%)

Rush 21 (20.79%) 2 (1.98%)

Arthralgia or myalgia 21 (20.79%) 1 (0.99%)

Peripheral sensory neuropathy 34 (33.66%) 5 (4.95%)

Laboratory examinations

Aleucocytosis 16 (15.84%) 4 (3.96%)

Neutropenia 13 (12.87%) 4 (3.96%)

Febrile neutropenia 1 (0.99%) 0 (0.00%)

Anemia 67 (66.34%) 2 (1.98%)

Thrombocytopenia 26 (25.74%) 3 (2.97%)

Increased ALT 26 (25.74%) 1 (0.99%)

Increased AST 21 (20.79%) 2 (1.98%)

Increased total bilirubin 9 (8.91%) 1 (0.99%)

Hyperbilirubinemia 64(63.37%) 0 (0.00%)

Increased creatinine 2 (1.98%) 0 (0.00%)

Hyponatremia 20 (19.80%) 1 (0.99%)

Kaliopenia 11 (10.89%) 1 (0.99%)

Hypocalcemia 28 (27.72%) 0 (0.00%)

Hyperglycemia 6 (5.94%) 0 (0.00%)

Hypophosphatemia 14 (13.86%) 0 (0.00%)

Hypothyroidism 8 (7.92%) 0 (0.00%)

Adrenal insufficiency 11 (10.89%) 0 (0.00%)
ALT, Alanine aminotransferase; AST, Aspartate aminotransferase.
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associated with pCR (all P < 0.05). Presence of SCC (adjusted OR

= 7.02), PD-L1 expression of pre-NCIO (adjusted OR = 5.35), and

tumor regression rate (adjusted OR = 8.45) were independently

associated with MPR (all P < 0.05) (Table 6).
3.9 Clinical predictive models

We chose significant independent factors to establish clinical

predictive models. In the nomogram, first, we determined each

factor’s corresponding points, then summed them to obtain the

total points and finally determined the total points

corresponding to the probability of pCR/MPR (Figure 3). The

AUC of the pCR model was 0.848, and the AUC for the MPR

model was 0.847, both satisfactory (Figure 4). The calibration

curves showed that the apparent/bias-corrected curves basically

approached ideal curves (Figure 5). We carried out 1000 times

repetitions 1/10 cross-validations, and the mean AUCs of pCR

andMPR were 0.789 and 0.809, respectively. The total accuracies

were 0.728 and 0.829, respectively, which indicated that the

models were satisfactory and steady.
Frontiers in Oncology 07
3.10 Exploratory analyses

In an exploratory analysis, we found that the SUVmax of

tumor post-NCIO was significantly associated with tumor size of

post-NCIO (Spearman correlation = 0.462, P = 0.001), TC

of pre-NCIO was significantly associated with B-cell count of

pre-NCIO (Pearson correlation = 0.404, P = 0.033) and NK-cell

count of pre-NCIO (Spearman correlation = -0.396, P = 0.041),

HDL-C of pre-NCIO had a trend of correlation with CD8+ T-

cell rate of pre-NCIO (Spearman correlation = 0.3142, P =

0.070), CEA of pre-NCIO was significantly associated with T

count of pre-NCIO (Spearman correlation = -0. 375, P = 0.045)

and NK count of pre-NCIO (Spearman correlation = -0.400, P =

0.032), comorbidities group had a trend of higher B cell count of

post-NCIO (median 127.50/µl vs. 92.00/µl, P = 0.072). Finally,

the linear regression equations of two pairs of significant

dependent factors (SUVmax of tumor post-NCIO and tumor

size of post-NCIO, TC of pre-NCIO and B-cell count of pre-

NCIO) were established (all P < 0.05) (Figure 6). Other pairs of

dependent factors had trends of significance in linear regression

equations (data not shown).
4 Discussion

Compared with adjuvant treatment, NIO has an advantage

in increasing the release or exposure of cancer neoantigens to

activate an adaptive antitumor response (14). Meanwhile, real-

time assessment of treatment effects may provide a useful

reference for adjuvant treatment. Currently, NIO alone can

achieve an MPR rate of 20–45% and a pCR rate of 6–16% (6–

8, 15), and NICO can achieve an MPR rate of 40–83% and a pCR

rate of 18–63% (9, 16–19). NIO and NCIO had similar surgical

resection rates (83–100%), R0 rates (87–100%) and grade 3 or

higher AE rates (0–33%) (6–9, 15–19). Generally, the MPR or

pCR rate of NCIO was higher than that of NIO alone. The

survival data of most of the studies were not mature; some

studies reported ≤ 2 years of data, and one study reported 3-year

data. The 18-month PFS rate was 73% in the Checkmate 159

study (6), and the 3-year OS rate was 80% in the newest report of

atezolizumab monotherapy (8). The 2-year PFS/EFS rate was

45.8–84.4%, and the 2-year OS rate was 79.9–94.1% in NCIO

studies (9, 17, 18, 20). MPR/pCR was proven to be meaningful in

terms of survival benefit in some studies (9, 10, 20).

In our study, NCIO achieved a 70.30% MPR, 46.53% pCR,

81.94% ORR, 100% DCR, and 100% surgery/R0 resection rate;

AEs were manageable. Many factors were found to be

significantly associated with the pCR/MPR rate, five of which

were independent factors. Of note, among these factors, we first

reported several new indicators: pembrolizumab/nab-paclitaxel–

based regimens, comorbidities, peripheral blood CD4+ T-cell
A

B

FIGURE 1

Kaplan–Meier survival curves. (A) Disease-free survival;
(B) overall survival.
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TABLE 3 Clinicopathological factors were associated with pCR or MPR.

Variables pCR (n = 47) non-PCR (n = 54) P MPR (n = 71) non-MPR (n = 30) P

Sex

Male 43 (46.24%) 50 (53.76%) 66 (70.97%) 27 (29.03%)

Female 4 (50.00%) 4 (50.00%) 1.000 5 (62.50%) 3 (37.50%) 0.921

Age (years) 61 (56–66) 58 (54–64) 0.192 58 (55–66) 58 (55–62) 0.517

Smoking history

No 16 (44.44%) 20 (55.56%) 22 (61.11%) 14 (38.89%)

Yes 31 (47.69%) 34 (52.31%) 0.754 49 (75.38%) 16 (24.62%) 0.133

Comorbidities

No 24 (63.16%) 14 (36.84%) 28 (73.68%) 10 (26.32%)

Yes 23 (36.51%) 40 (63.49%) 0.009 43 (68.25%) 20 (31.75%) 0.563

Differentiation gradea

Well/moderate 11 (32.35%) 23 (67.65%) 20 (58.82%) 14 (42.18%)

Moderate–poor/
poor/undifferentiated

36 (53.73%) 31 (46.27%) 0.042 51 (76.12%) 16 (23.88%) 0.072

Histology typeb

Squamous cell carcinoma 39 (55.71%) 31 (44.29%) 56 (80.00%) 14 (20.00%)

Nonsquamous cell carcinoma 7 (25.93%) 20 (64.07%) 0.008 12 (44.44%) 15 (55.56%) 0.001

Clinical T stage

T1+T2 25 (49.02%) 26 (50.08%) 35 (68.62%) 16 (31.38%)

T3+T4 22 (44.00%) 28 (66.00%) 0.613 36 (72.00%) 14 (28.00%) 0.711

Clinical N stage

N0 5 (38.46%) 8 (61.54%) 6 (46.15%) 7 (53.85%)

N1-3 42 (47.73%) 46 (52.27%) 0.532 65 (73.86%) 23 (26.14%) 0.086

Clinical TNM stage

IIB-IIIA 30 (46.88%) 34 (53.12%) 41 (64.06%) 23 (35.94%)

IIIB-IIIC 17 (45.95%) 20 (54.05%) 0.928 30 (81.08%) 7 (18.92%) 0.071

PD-L1 expression (%) 40.00 (5.00–76.25) 5.00 (1.0–57.50) 0.013 30.0 (2.0–70.0) 5 (0.75–35.0) 0.040

Ki-67 expression (%) 60.0 (42.5–70.0) 50.00 (35.0–70.0) 0.115 60.0 (40.0–70.0) 40.00 (31.2–70.0) 0.076

WBC count (*109/l) 6.90 (5.90–7.90) 7.50 (5.80–8.50) 0.721 7.00 (5.90–8.40) 6.90 (5.30–8.20) 0.323

Hemoglobin (g/l) 137.50 ± 14.60 143.70 ± 15.70 0.042 139.10 ± 14.90 144.90 ± 16.40 0.083

Lymphocyte count (*109/l) 1.65 ± 0.46 1.72 ± 0.50 0.472 1.67 ± 0.45 1.73 ± 0.55 0.610

CEA (ng/ml) 2.46 (1.48–4.00) 3.17 (2.11–5.88) 0.053 2.62 (1.53–4.08) 3.60 (2.58–8.68) 0.042

CYFRA21-1 (ng/ml) 3.71 (1.40–5.28) 3.26 (1.36–6.48) 0.862 3.71 (1.95–6.05) 2.20 (1.06–6.04) 0.288

SCC-Ag (ng/ml) 1.47 (0.82–2.82) 1.27 (0.70–2.28) 0.638 1.43 (0.83–2.53) 1.20 (0.67–2.04) 0.421

Interleukin-6 (pg/ml) 6.33 (3.98–12.20) 7.83 (3.40–11.73) 0.969 6.85 (4.13–12.70) 5.75 (1.93–10.60) 0.520

CRP (mg/l) 5.96 (3.22–17.90) 6.45 (2.70–15.02) 0.898 8.75 (3.38–17.60) 4.24 (2.11–9.54) 0.147

Triglycerides (mmol/l) 1.56 ± 0.76 1.77 ± 0.80 0.330 1.47 (0.98–2.35) 1.71 (1.25–2.18) 0.515

(Continued)
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TABLE 3 Continued

Variables pCR (n = 47) non-PCR (n = 54) P MPR (n = 71) non-MPR (n = 30) P

Total cholesterol (mmol/l) 4.88 ± 0.84 4.75 ± 1.08 0.636 4.62 ± 0.95 5.23 ± 0.92 0.027

HDL-C (mmol/l) 1.13 ± 0.24 1.12 ± 0.28 0.975 1.08 ± 0.26 1.23 ± 0.25 0.041

LDL-C (mmol/l) 3.28 ± 0.82 3.12 ± 0.92 0.488 3.04 ± 0.91 3.52 ± 0.70 0.054

HDL-C/Total cholesterol (%) 0.22 (0.19–0.28) 0.23 (0.21–0.26) 0.714 0.22 (0.19–0.28) 0.24 (0.21–0.26) 0.593

T-cell count (*103/µl) 1.13 ± 3.87 1.34 ± 4.57 0.122 1.19 ± 4.23 1.37 ± 4.46 0.247

T-cell rate (%) 66.65 ± 9.51 70.20 ± 7.08 0.196 67.64 ± 8.74 70.53 ± 7.78 0.362

CD4+ T-cell count (*102/µl) 6.19 ± 2.26 8.32 ± 3.07 0.018 6.74 ± 2.53 8.64 ± 3.41 0.071

CD4+ T-cell rate (%) 37.30 ± 8.50 43.50 ± 8.30 0.025 39.10 ± 8.96 43.70 ± 8.20 0.158

CD8+ T-cell count (*102/µl) 4.02(3.09–5.52) 4.84 (3.17–5.92) 0.687 3.97 (2.98–5.75) 5.02(3.51–5.94) 0.418

CD8+ T-cell rate (%) 27.00 (18.50–35.00) 25.00 (20.00–30.00) 0.810 25.50 (18.75–29.75) 26.00 (20.00–31.00) 0.794

CD4+/CD8+ T-cell ratio(%) 1.57 ± 0.69 1.88 ± 0.70 0.175 1.69 ± 0.73 1.81 ± 0.65 0.633

B cell count (*102/µl) 1.48 (1.02–2.43) 1.68 (1.04–2.61) 0.667 1.51 (1.17–2.53) 1.55 (0.95–2.29) 0.887

B cell rate (%) 10.12 ± 3.50 9.50 ± 4.54 0.834 10.00 (7.75–13.11) 7.00 (5.50–14.25) 0.414

NK cell count (*102/µl) 3.21(2.47–3.86) 2.89 (1.82–4.10) 0.708 3.12 (2.33–4.00) 2.85 (1.80–4.37) 0.764

NK cell rate (%) 20.00 (15.00–24.00) 15.00 (13.00–22.00) 0.270 20.0 (14.0–24.0) 14.75 (12.75–23.23) 0.363

NCIO regimens

Pembrolizumab/nab-
paclitaxel–based

26 (36.62%) 45 (63.38%) 45 (63.38%) 26 (36.62%)

Othersc 21 (72.41%) 8 (27.59%) 0.001 26 (89.66%) 3 (10.34%) 0.009

Treatment cylce

≤2 cycles 14 (36.84%) 24 (63.16%) 23 (60.53%) 15 (39.47%)

>2 cycles 33 (52.38%) 30 (47.62%) 0.129 48 (76.19%) 15 (23.81%) 0.095

≤3 cycles 33 (44.00%) 42 (66.00%) 51 (68.00%) 24 (32.00%)

>3 cycles 14 (53.85%) 12 (46.15%) 0.386 20 (76.92%) 6 (23.08%) 0.391

Tumor size of pre-NCIO (mm) 61.95 (39.00–74.68) 50.00 (39.00–64.00) 0.310 60.00 (39.00–82.00) 49.90 (38.75–58.98) 0.143

Tumor size of post-NICO (mm) 25.0 (15.00–35.00) 31.00 (24.00–42.00) 0.010 27.75 (16.75–36.00) 31.50 (24.48–41.75) 0.035

Tumor regression rate (%) 58.2 ± 19.6 37.9 ± 23.5 <0.001 55.0 ± 20.3 29.0 ± 22.4 <0.001

Radiographic responsed

nonORR 1 (5.90%) 16 (94.10%) 4 (23.53%) 13 (76.47%)

ORR 42 (54.55%) 35 (45.45%) <0.001 62 (80.52%) 15 (19.48%) <0.001

SUVmax of tumor pre-NCIO 22.53 ± 10.37 22.11 ± 10.40 0.879 22.40 ± 9.16 22.10 ± 12.49 0.918

SUVmax of tumor post-NCIO 3.20 (1.35–5.90) 9.11 (5.18–14.98) <0.001 4.55 (1.95–7.43) 15.20 (7.91–23.60) <0.001

△SUVmax rate of tumor
post-NCIO (%)

82.96 (77.54–1.00) 56.80 (44.61–79.88) 0.004 80.21 (77.35–1.00) 53.22 (-4.36–66.47) <0.001
F
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count/rate, TC, HDL-C and CEA before treatment. In addition,

we established predictive models for pCR and MPR with AUCs

of 0.848 and 0.847, respectively. We found that the predictive

accuracy of the MPR model (0.829) was higher than that of the

pCR model (0.728), which may be due to inclusion of some non-

pCR patients with a 0–10% pathological response.

The tumor regression rate, the most influential factor in the

present study, it independently associated with both pCR andMPR,

and it accounted for the largest weight in the nomogram predictive

model. When its cutoff value was 36.89% for pCR and 39.74% for

MPR, the incidence of pCR and MPR were alone increased 12.33

and 8.45 times. Compared with the ORR criterion (≥ 30%

regression), the optimal cutoff value of the tumor regression rate

may more easily reflect the correlation between radiographic

response and pathological response. In our study, when the cutoff

value of the tumor regression rate was 36.89% for pCR, the

specificity of predictive ability (0.51) was higher than that of the

ORR criterion (0.33), but sensitivity values were similar (0.93 and

0.95). When the cutoff was 39.74% for MPR, the specificity of

predictive ability (0.71) was also higher than that of the ORR

criterion (0.50), but their sensitivity values were mildly different

(0.80 and 0.92). In addition, the AUC of the tumor regression rate

was significantly larger than that of PD-L1 expression, CEA, HDL-

C of pre-NCIO, and tumor size of post-NCIO. The NCT02716038

(16), SAKK 16/14 (17) and NEOSTAR (21) trials also showed a

positive correlation between the tumor regression rate and

pathological response.

PD-L1 expression of pre-NCIO, the second most influential

factor, was also independently associated with both pCR and MPR

in our study. When its cutoff value was 9% for pCR and 12.5% for

MPR, the incidences of pCR and MPR were alone increased 9.66

times and 5.35 times, respectively, in multivariate analyses. These
Frontiers in Oncology 10
results indicated that PD-L1 expression may be more critical for

assessing the complete removal of tumors. When PD-L1 expression

was 1, 25, and 50%, the P-value was only significant for theMPR rate

comparison at 25%, but its corresponding OR value (2.69) was lower

than its OR value (3.64) at the optimal cutoff value of 12.5%.

Therefore, our suggestion is that an optimal cutoff value of PD-L1
TABLE 4 Receiver operating characteristic curves analyses for pCR or MPR.

Variables Cutoff
value Sensitivity Specificity P

Cutoff
value Sensitivity Specificity P

PD-L1 expression (%) 9.00 0.74 0.53 0.013 12.50 0.63 0.67 0.041

CD4+ T-cell count (*102/µl) 6.75 0.65 0.74 0.026 – – – –

CD4+ T-cell rate (%) 36.50 0.52 0.84 0.019 – – – –

CEA (ng/ml) – – – – 2.54 0.48 0.80 0.042

HDL-C (mmol/l) – – – – 1.04 0.53 0.90 0.024

Tumor size of post-NCIO (mm) 37.50 0.93 0.37 0.010 0.40 0.86 0.39 0.035

Tumor regression rate (%) 36.89 0.93 0.51 <0.001 39.74 0.81 0.71 <0.001

30.45 0.95 0.33 <0.001 30.45 0.92 0.50 <0.001

SUVmax of tumor post-NCIO 6.75 0.87 0.69 <0.001 7.43 0.76 0.91 <0.001

△SUVmax rate of tumor post-NCIO
(%)

76.76 0.81 0.67 0.005 76.76 0.78 1.00 0.001
frontie
PD-L1: programmed death receptor-1 ligand; CEA, carcinoembryonic antigen; HDL-C, high-density lipoprotein cholesterol; NCIO, neoadjuvant chemoimmunotherapy;
SUV, standardized uptake value; △SUVmax = SUVmax of pre–NCIO-SUVmax of post-NCIO.
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FIGURE 2

Receiver operating characteristic curves of univariate analyses.
(A) For pathological complete response; (B) for major pathologic
response. AUC, area under curve.
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expression may also be better than conventional categorical

boundaries. Concordantly, the positive association of PD-L1

expression and pathological response was also proven in the

NADIM (9), CheckMate 816 (10), SAKK 16/14 (17), and

NEOSTAR trials (21).

The pembrolizumab/nab-paclitaxel–based regimens was

significantly associated with pCR/MPR and was an independent

factor for pCR. To our knowledge, no other study of NCIO

compared these regimens with other ICI/chemotherapy regimens.

However, our finding was consistent with studies of metastatic

NSCLC. Some network meta-analyses have proven that the

pembrolizum-ab/chemotherapy regimen has the highest

probability of offering the best OS (probability of 65–98.5%), PFS

(probability of 47–69%), and ORR (probability of 65.0%) among

different ICI/chemotherapy or ICI-alone regimens when compared

with chemotherapy alone (22–24). A phase III trial that studied

stage IIIB-IV NSCLC stated that nab-paclitaxel chemotherapy

regimen had a significantly higher ORR than solvent-based

paclitaxel in all NSCLC patients (33% vs. 25%; P = 0.005) and

SCC patients (41% vs. 24%; P < 0.001). The OS of nab-paclitaxel

was longer in the North American subgroup (12.7 vs. 9.8 months, P

= 0.008) (25).
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The presence of SCC was associated with pCR/MPR in

univariate analyses and was an independent factor affecting MPR

in multivariate analyses, alone increasing the MPR rate 7.02 times.

In Wu’s study (19), more SCC cases were observed in the MPR

group (P = 0.008). TheMPR rate with SCC had an obviously higher

trend than with adenocarcinoma in the NCT02716038 trial (16)

(80% vs. 53%, P = 0.17) and Gao’s study (48.4% vs. 0%, P = 0.067)

(7). To reduce the influence of actionable driver oncogene

mutations, we excluded patients with actionable driver oncogene

mutations from our study. We found that patients with known

actionable driver oncogene mutations experienced poor efficacy in

NCIO; all of three patients with RET rearrangements and one

patient with ROS1 rearrangements were non-MPR, only one

patient with BRAF mutations achieved pCR (Complementary

Table 6). However, KRAS mutation did not influence the efficacy,

and the MPR rate was 62.5% (three cases were pCR) in eight

patients with KRAS mutation in the present study.

Interestingly, compared with the non-pCR group, we found

that patients in the pCR group had a significantly lower

circulatingCD4+ CD4+ T-cell rate/count before NCIO.

Furthermore, CD4+ T-cell count/rate had a significant predictive

ability for pCR (AUC = 0.733 and 0.732). Meanwhile, we found that
TABLE 5 Univariate logistic regression of factors was associated with pCR or MPR.

Variables pCR vs. non-pCR Variables MPR vs. non-MPR

OR (95% CI) P OR (95% CI) P

Comorbidities (Yes vs. No)
0.34 (0.15–

0.77)
0.010 – – –

Differentiation grade
(Poor vs. Well/Moderate)

– 0.075 – – –

Squamous cell carcinoma
(Yes vs. No)

3.59 (1.35–
9.59)

0.011
Squamous cell carcinoma

(Yes vs. No)
5.00 (1.92–
13.04)

0.001

PD-L1 expression (%)
(≥9 vs. <9)

3.19 (1.31–
7.74)

0.011
PD-L1 expression (%)

(≥12.5 vs. <12.5)
3.33 (1.29–8.59) 0.013

CD4+ T-cell count (*102/µl)
(<6.75 vs. ≥6.75)

5.20 (1.32–
20.54)

0.019
CEA (ng/ml)

(<2.54 vs. ≥2.54)
4.00 (1.20–
13.37)

0.024

CD4+ T-cell rate (%)
(<36.50 vs. ≥36.50)

5.87 (1.31–
26.33)

0.021
HDL-C (mmol/l)
(<1.04 vs. ≥1.04)

9.40 (1.91–
46.12)

0.006

Pembrolizumab/nab-paclitaxel–based regimen
(Yes vs. No)

4.05 (1.56–
10.49)

0.004
Pembrolizumab/nab-paclitaxel–based regimen

(Yes vs. No)
4.70 (1.29–
17.07)

0.019

Tumor size of post-NCIO (mm)
(<37.5 vs. ≥37.5)

7.92 (2.15–
29.15)

0.002
Tumor size of post-NCIO (mm)

(<40.4 vs. ≥40.4)
4.10 (1.46–
11.53)

0.008

Tumor regression rate (%)
(≥36.89 vs. <36.89)

13.87 (7.80–
50.65)

<0.001
Tumor regression rate (%)

(≥39.74 vs. <39.74)
10.19 (3.68–

28.26)
<0.001

SUVmax of tumor post-NCIO
(<6.75 vs. ≥6.75)

15.75 (3.63–
68.41)

<0.001
SUVmax of tumor post-NCIO

(<7.43 vs. ≥7.43)
33.33 (3.74–
296.78)

0.002

△SUVmax rate of tumor post-NCIO (%)
(76.76≥ vs. <76.76)

8.67 (1.66–
45.21)

0.010
△SUVmax rate of tumor

post-NCIO (%)
(76.76≥ vs. <76.76)

– –
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other immune cell (T-cell count/rate, CD8+ T-cell and B-cell count)

before NCIO also demonstrated a lower trend in the pCR andMPR

group than in the reciprocal group. However, the NK-cell count/

rate before NCIO presented an inverse trend. A higher circulating

NK-cell count before NCIO was associated with a better

pathological response (26). However, why did the pCR/MPR

group have few CD4+ or CD8+ T cells? Was it just a coincidence,

or were there some significant correlations? Some relevant reports

indicated that this circumstance did indeed correlate with better

outcomes, possibly due to the homing of circulating immune cells

to the tumor microenvironment (TME) after immunotherapy. A

study of stage IV melanoma patients receiving ICI treatment

showed that early disappearance of tumor-associated antigen

reactive T- cells (CD4+ T-cells, CD8+-T cells, etc.) from

peripheral blood was associated with a better OS (2-year OS:

77.8% vs. 50.6%, HR = 0.25, P = 0.045) and PFS (not reached vs.

3 months, HR = 0.13, P < 0.001) (27). Furthermore, the author

found that there were more CD4+ and CD8+ T-cells present in the

tumor tissue of these patients with early disappearance of

circulating T-cells (27). Consistently, in a study of advanced

NSCLC treated with ICIs, fewer pretreatment peripheral blood

CD8+ T-cells were also associated with durable clinical benefit

(accuracy = 70%) (28). In addition, the CEA level was also inversely

associated with CD8+ T-cell count in the TME (29). In our study,

CEA was not only significantly inversely associated with MPR but

was also significantly inversely associated with T-cell and NK-cell

counts in peripheral blood before NCIO.

Comorbidities significantly increase the mortality risk of

NSCLC patients (30). Nonetheless, patients with comorbidities

were excluded in most trials (31), so understanding of the impact

of comorbidities on immunotherapy was poor. In a study of stages

III–IV NSCLC, patients were treated with ICIs (n = 66), and the

DCR and PFS were both superior in the Charlson comorbidity

index (CCI) <1 group than in the CCI ≥1 group (94.7% vs. 64.3%, P

< 0.001; 271.0 days vs. 232.0 days, P = 0.0084) (32). As expected, we

found that comorbidities significantly decreased the pCR rate
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(adjusted OR = 0.16) independently. In an exploratory analysis,

comorbidities group had a trend with higher circulating B-cell

count after NCIO (median 127.50/µl vs. 92.00/µl, P = 0.072)

(Complementary Table 7). An increasing number of studies

suggest that B cells have a more critical role than simple

bystanders in tumor immunity (33). It is worth noting that

studies assessing the effects of B and T-cells were largely
TABLE 6 Multivariate logistic regressions of factors were associated with pCR or MPR.

Variables pCR vs. non-pCR MPR vs. non-MPR

OR (95% CI) P OR (95% CI) P

Comorbidities (Yes vs. No) 0.16 (0.40–0.60) 0.007 – –

Squamous cell carcinoma
(Yes vs. No)

– – 7.02 (1.82–27.12) 0.005

PD-L1 expression (%)
(≥9.0 vs. <9.0) a

(≥12.5 vs. <12.5)b
9.66 (2.26–41.24) 0.002 5.35 (1.44–19.86) 0.012

Pembrolizumab/nab-paclitaxel–based regimen (Yes vs. No) 4.92 (1.19–20.26) 0.028 – –

Tumor regression rate (%)
(≥36.89 vs. <36.89)a

(≥39.74 vs. <39.74)b
12.33 (2.82–53.87) 0.001 8.45 (2.34–30.52) 0.001
a: For pCR vs. nonpCR; b: for MPR vs. nonMPR; PD-L1: programmed death receptor-1 ligand.
A

B

FIGURE 3

Nomograms of predictive models. (A) For pathological complete
response (pCR) model; (B) for major pathologic response (MPR)
model. PD-L1: programmed death receptor-1 ligand.
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concordant (33). A study of neoadjuvant chemotherapy in breast

cancer showed that circulating B cells were significantly decreased

by > 90% at surgery compared with baseline levels (34). However,

NK cells were reduced by nearly 50%, and T-cell counts were lower

by 40% (34).

Another interesting finding of our study is that lower TC and

HDL-C levels of pre-NCIO significantly correlated withMPR, and

TC of pre-NCIO significantly correlated with circulating B-cell

rate and NK-cell count of pre-NCIO. To the best of our

knowledge, this is the first report of lipid metabolism in NCIO

of NSCLC. Emerging evidence has proven that lipid metabolism

reprogramming plays important roles in the initiation,

development and immunity of tumors (35). Lower TC increased

the risk of lung cancer, hepatocellular carcinoma and renal cell

carcinoma (36, 37). Cholesterol is a key component in cell

membranes, T-cell receptor (TCR) structure, and synaptic
Frontiers in Oncology 13
function of immune cells (38). Thus, a lower TC may decrease

the stability of immune cell membranes as well as cellular

homeostasis, especially impacting CD8+ T-cell growth and

antitumor function (39). However, this may be complicated

because increased TC also increases the risk of breast, colorectal,

prostate and other cancers (35), and tumor-derived cholesterol

correlates with immunosuppression (35). Compared with elevated

TC, lower HDL-C was consistently associated with an increased

risk of death in patients with most cancers. A meta-analysis

showed that a lower HDL-C increased death risk by 37% and

relapse risk by 35% across cancers (37). The possible mechanism

may be related to HDL-C having anti-oxidation and anti-

inflammatory functions (40). However, we found that TC was

significantly correlated with the B-cell rate (r = 0.404, P = 0.033)

and NK-cell count (r = 0.396, P = 0.041), and HDL-C had a trend

of correlation with higher CD8+ T-cell rate (r = 0.314, P = 0.070)
A B

FIGURE 5

Calibration curves of predictive model. (A) For pathological complete response model; (B) for major pathologic response model. AUC, area
under curve.
A B

FIGURE 4

Receiver operating characteristic curves of predictive model. (A) For pathological complete response; (B) for major pathologic response.
AUC, area under curve.
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approached statistical significance. Our findings may have

important implications for studies of lipid metabolism in cancer.

The present study had some limitations. First, we did not

analyze the relationship between the tumor mutational burden/

phenotype of immune cells and the pathological response due to

insufficient data. Second, we did not detect the numbers of

existing immune cell in the TME. Third, the PFS and OS were

immature. Fourth, we cannot exclude some SCC patients with

driver oncogene mutations because gene mutation tests are not

routine for SCC patients. Fifth, circulating immune cells and

SUVmax of tumor were not included in multivariate analyses

due to a limited number of cases.

In summary, our study showed that NCIO resulted in a high

pCR and MPR rate in stage IIB-IIIC NSCLC. Many factors

impacted the incidence of pCR and MPR, five of which were

independent factors. Some novel factors, such as peripheral

blood CD4+ T-cell count/rate, TC and HDL-C of pre-NCIO,

are worth further investigation. A clinical predictive model could

help to screen a suitable population for NCIO treatment.
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M, et al. Neoadjuvant chemotherapy and nivolumab in resectable non-small-cell
lung cancer (NADIM): An open-label, multicentre, single-arm, phase 2 trial. Lancet
Oncol (2020) 21(11):1413–22. doi: 10.1016/S1470-2045(20)30453-8

10. Forde PM, Spicer J, Lu S, Provencio M, Mitsudomi T, Awad MM, et al.
Neoadjuvant nivolumab plus chemotherapy in resectable lung cancer.N Engl J Med
(2022) 386(21):1973–85. doi: 10.1056/NEJMoa2202170

11. Detterbeck FC, Boffa DJ, Kim AW, Tanoue LT. The eighth edition lung cancer
stage classification. Chest (2017) 151(1):193–203. doi: 10.1016/j.chest.2016.10.010

12. Travis WD, Dacic S, Wistuba I, Sholl L, Adusumilli P, Bubendorf L, et al.
IASLC multidis-ciplinary recommendations for pathologic assessment of lung
cancer resection specimens after neoadjuvant therapy. J Thorac Oncol (2020) 15
(5):709–40. doi: 10.1016/j.jtho.2020.01.005

13. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R,
et al. New response evaluation criteria in solid tumours: Revised RECIST guideline
(version 1.1). Eur J Cancer (2009) 45(2):228–47. doi: 10.1016/j.ejca.2008.10.026

14. McGranahan N, Furness AJ, Rosenthal R, Ramskov S, Lyngaa R, Saini SK, et al.
Clonal neoantigens elicit T cell immunoreactivity and sensitivity to immune checkpoint
blockade. Science (2016) 351(6280):1463–9. doi: 10.1126/science.aaf1490

15. Tong BC, Gu L, Wang X, Wigle DA, Phillips JD, Harpole DHJr, et al.
Perioperative outcomes of pulmonary resection after neoadjuvant pembrolizumab
in patients with non-small cell lung cancer. J Thorac Cardiovasc Surg (2022) 163
(2):427–36. doi: 10.1016/j.jtcvs.2021.02.099

16. Shu CA, Gainor JF, Awad MM, Chiuzan C, Grigg, 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

17. Rothschild SI, Zippelius A, Eboulet EI, Savic Prince S, Betticher D, Bettini A,
et al. SAKK 16/14: Durvalumab in addition to neoadjuvant chemotherapy in
patients with stage IIIA(N2) non-Small-Cell lung cancer-a multicenter single-arm
phase II trial. J Clin Oncol (2021) 39(26):2872–80. doi: 10.1200/JCO.21.00276

18. Xu K, Yang H, Ma W, Fan L, Sun B, Wang Z, et al. Neoadjuvant
immunotherapy facilitates resection of surgically-challenging lung squamous cell
cancer. J Thorac Dis (2021) 13(12):6816–26. doi: 10.21037/jtd-21-1195

19. Wu J, Hou L EH, Zhao Y, Yu X, Xu L, Ning Y, et al. Real-world clinical outcomes
of neoadj- uvant immunotherapy combined with chemotherapy in resectable non-small
cell lung cancer. Lung Cancer (2022) 165:115–23. doi: 10.1016/j.lungcan.2022.01.019

20. Zhai H, Li W, Jiang K, Zhi Y, Yang Z. Neoadjuvant nivolumab and
chemotherapy in patients with locally advanced non-small cell lung cancer: A
retrospective study. Cancer Manag Res (2022) 14:515–24. doi: 10.2147/CMAR.S344343

21. Cascone T, WilliamWNJr, 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
Frontiers in Oncology 15
22. Wang DD, Shaver LG, Shi FY, Wei JJ, Qin TZ, Wang SZ, et al. Comparative
efficacy and safety of PD-1/PD-L1 immunotherapies for non-small cell lung cancer:
A network meta-analyses. Eur Rev Med Pharmacol Sci (2021) 25(7):2866–84.
doi: 10.26355/eurrev_202104_25541

23. Wang L, Yang Y, Yu J, Zhang S, Li X, Wu X, et al. Efficacy and safety of anti-
PD-1/PD-L1 in combination with chemotherapy or not as first-line treatment for
advanced non-small cell lung cancer: A systematic review and network meta-
analyses. Thorac Cancer (2022) 13(3):322–37. doi: 10.1111/1759-7714.14244

24. Peng TR, Lin HH, Tsai FP, Wu TW. Immune checkpoint inhibitors for first-
line treatment of advanced non-small-cell lung cancer: A systematic review and
network meta-analyses. Thorac Cancer (2021) 12(21):2873–85. doi: 10.1111/1759-
7714.14148

25. Socinski MA, Bondarenko I, Karaseva NA, Makhson AM, Vynnychenko I,
Okamoto I, et al. Weekly nab-paclitaxel in combination with carboplatin versus
solvent-based paclitaxel plus carboplatin as first-line therapy in patients with
advanced non-small-cell lung cancer: Final results of a phase III trial. J Clin
Oncol (2012) 30(17):2055–62. doi: 10.1200/JCO.2011.39.5848

26. Cho YH, Choi MG, Kim DH, Choi YJ, Kim SY, Sung KJ, et al. Natural killer
cells as a potential biomarker for predicting immunotherapy efficacy in patients
with non-small cell lung cancer. Target Oncol (2020) 15(2):241–7. doi: 10.1007/
s11523-020-00712-2

27. Bochem J, Zelba H, Spreuer J, Amaral T, Wagner NB, Gaissler A, et al. Early
disappearance of tumor antigen-reactive T cells from peripheral blood correlates
with superior clinical outcomes in melanoma under anti-PD-1 therapy. J
Immunother Cancer (2021) 9(12):e003439. doi: 10.1136/ jitc-2021-003439

28. Nabet BY, Esfahani MS, Moding EJ, Hamilton EG, Chabon JJ, Rizvi H, et al.
Noninvasive early identification of therapeutic benefit from immune checkpoint
inhibition. Cell (2020) 183(2):363–76.e13. doi: 10.1016/j.cell.2020.09.001

29. Guo G, Wang Y, Zhou Y, Quan Q, Zhang Y, Wang H, et al. Immune cell
concentrations among the primary tumor microenvironment in colorectal cancer
patients predicted by clinicopathologic characteristics and blood indexes. J
Immunother Cancer (2019) 7(1):179. doi: 10.1186/s40425-019-0656-3

30. Iachina M, Jakobsen E, Møller H, Lüchtenborg M, Mellemgaard A, Krasnik
M, et al. The effect of different comorbidities on survival of non-small cells lung
cancer patients. Lung (2015) 193(2):291–7. doi: 10.1007/s00408-014-9675-5

31. Unger JM, Barlow WE, Martin DP, Ramsey SD, Leblanc M, Etzioni R,
et al. Comparison of survival outcomes among cancer patients treated in and out
of clinical trials. J Natl Cancer Inst (2014) 106(3):dju002. doi: 10.1093/jnci/
dju002

32. Zeng X, Zhu S, Xu C, Wang Z, Su X, Zeng D, et al. Effect of comorbidity on
outcomes of patients with advanced non-small cell lung cancer undergoing anti-PD1
immunotherapy. Med Sci Monit (2020) 26:e922576. doi: 10.12659/MSM.922576

33. Leong TL, Bryant VL. B cells in lung cancer-not just a bystander cell: A literature
review. Transl Lung Cancer Res (2021) 10(6):2830–41. doi: 10.21037/tlcr-20-788

34. Massa C, Karn T, Denkert C, Schneeweiss A, Hanusch C, Blohmer JU, et al.
Differential effect on different immune subsets of neoadjuvant chemotherapy in patients
with TNBC. J Immunother Cancer (2020) 8(2):e001261. doi: 10.1136/jitc-2020-001261

35. Zhang H, Zhao W, Li X, He Y. Cholesterol metabolism as a potential
therapeutic target and a prognostic biomarker for cancer immunotherapy. Onco
Targets Ther (2021) 14:3803–12. doi: 10.2147/OTT.S315998

36. Luo F, Zeng KM, Zhang ZH, Zhou T, Zhan JH, Lu FT, et al. Prognostic value
of serum high-density lipoprotein cholesterol elevation in nonsmall cell lung cancer
patients receiving radical surgery. Clin Transl Med (2020) 10(2):e94. doi: 10.1002/
ctm2.94

37. Zhou P, Li B, Liu B, Chen T, Xiao J. Prognostic role of serum total
cholesterol and high-density lipoprotein cholesterol in cancer survivors: A
systematic review and meta-analyses. Clin Chim Acta (2018) 477:94–104.
doi: 10.1016/j.cca.2017.11.039

38. Kidani Y, Elsaesser H, Hock MB, Vergnes L, Williams KJ, Argus JP, et al.
Sterol regulatory element-binding proteins are essential for the metabolic
programming of effector T cells and adaptive immunity. Nat Immunol (2013) 14
(5):489–99. doi: 10.1038/ni.2570

39. Ahn J, Lim U, Weinstein SJ, Schatzkin A, Hayes RB, Virtamo J, et al.
Prediagnostic total and high-density lipoprotein cholesterol and risk of cancer.
Cancer Epidemiol Biomarkers Prev (2009) 18(11):2814–21. doi: 10.1158/1055-
9965.EPI-08-1248

40. Pirro M, Ricciuti B, Rader DJ, Catapano AL, Sahebkar A, Banach M. High
density lipoprotein cholesterol and cancer: Marker or causative? Prog Lipid Res
(2018) 71:54–69. doi: 10.1016/j.plipres.2018.06.001
frontiersin.org

https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/S0140-6736(16)30958-8
https://doi.org/10.3747/co.25.4096
https://doi.org/10.1016/S0140-6736(13)62159-5
https://doi.org/10.1007/s12094-020-02502-8
https://doi.org/10.1056/NEJMoa1716078
https://doi.org/10.1016/j.jtho.2020.01.017
https://doi.org/10.1016/j.jtho.2020.01.017
https://doi.org/10.1016/S1470-2045(20)30453-8
https://doi.org/10.1056/NEJMoa2202170
https://doi.org/10.1016/j.chest.2016.10.010
https://doi.org/10.1016/j.jtho.2020.01.005
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1126/science.aaf1490
https://doi.org/10.1016/j.jtcvs.2021.02.099
https://doi.org/10.1016/S1470-2045(20)30140-6
https://doi.org/10.1200/JCO.21.00276
https://doi.org/10.21037/jtd-21-1195
https://doi.org/10.1016/j.lungcan.2022.01.019
https://doi.org/10.2147/CMAR.S344343
https://doi.org/10.1038/s41591-020-01224-2
https://doi.org/10.26355/eurrev_202104_25541
https://doi.org/10.1111/1759-7714.14244
https://doi.org/10.1111/1759-7714.14148
https://doi.org/10.1111/1759-7714.14148
https://doi.org/10.1200/JCO.2011.39.5848
https://doi.org/10.1007/s11523-020-00712-2
https://doi.org/10.1007/s11523-020-00712-2
https://doi.org/10.1136/ jitc-2021-003439
https://doi.org/10.1016/j.cell.2020.09.001
https://doi.org/10.1186/s40425-019-0656-3
https://doi.org/10.1007/s00408-014-9675-5
https://doi.org/10.1093/jnci/dju002
https://doi.org/10.1093/jnci/dju002
https://doi.org/10.12659/MSM.922576
https://doi.org/10.21037/tlcr-20-788
https://doi.org/10.1136/jitc-2020-001261
https://doi.org/10.2147/OTT.S315998
https://doi.org/10.1002/ctm2.94
https://doi.org/10.1002/ctm2.94
https://doi.org/10.1016/j.cca.2017.11.039
https://doi.org/10.1038/ni.2570
https://doi.org/10.1158/1055-9965.EPI-08-1248
https://doi.org/10.1158/1055-9965.EPI-08-1248
https://doi.org/10.1016/j.plipres.2018.06.001
https://doi.org/10.3389/fonc.2022.1057646
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Tumor regression rate, PD-L1 expression, pembrolizumab/nab-paclitaxel–based regimens, squamous cell carcinoma, and comorbidities were independently associated with efficacy of neoadjuvant chemoimmunotherapy in non-small cell lung cancer
	1 Introduction
	2 Materials and methods
	2.1 Study design and patients
	2.2 Neoadjuvant chemoimmunotherapy
	2.3 Outcomes
	2.4 Statistical analyses

	3 Results
	3.1 Patient characteristics
	3.2 Neoadjuvant chemoimmunotherapy and adverse events
	3.3 Surgical outcomes and complications
	3.4 Radiographic and pathological response assessments
	3.5 Recurrence and survival
	3.6 Factors associated with pCR or MPR
	3.7 ROC curve analyses
	3.8 Univariate and multivariate logistic regression analyses
	3.9 Clinical predictive models
	3.10 Exploratory analyses

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


