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Review Article

Potential predictors of the pathologic response after neoadjuvant 
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Background and Objective: Neoadjuvant chemoimmunotherapy (NACI) is the standard of care for 
patients with resectable non-small cell lung cancer (NSCLC). Although the pathological complete response 
(pCR) after NACI reportedly exceeds 20%, an optimal predictor of pCR is yet to be established. This review 
aims to examine the possible predictors of pCR after NACI.
Methods: We identified research article published between 2018 and 2022 in English by the PubMed 
database. Fifty research studies were considered as relevant article, and were examined to edit information 
for this narrative review. 
Key Content and Findings: Recently, several studies have explored potential biomarkers for the 
pathological response after NACI. For example, 18F-fluorodeoxyglucose positron emission tomography 
(18F-FDG-PET) imaging, tumor microenvironment (TME), genetic alternation such as circulating tumor 
DNA (ctDNA), and clinical markers such as neutrophil-to-lymphocyte ratio (NLR) and smoking signature 
were assessed in patients with resectable NSCLC to predict the pathological response after NACI. Based 
on the PET response criteria, the complete metabolic response (CMR) achieved a positive predictive value 
(PPV) of 71.4% for predicting pCR, and the decreasing rate of post-therapy maximum standardized uptake 
value (SUVmax) after NACI substantially correlated with the major pathological response (MPR). TME, as a 
significant marker for MPR in tumor specimens, was identified as an increase in CD8+ T cells and decrease 
in CD3+ T cells or Foxp3 T cells. Considering blood samples, TME comprised an increase in CD4+PD-1+ 
cells or natural killer cells and a decrease in CD3+CD56+CTLA4+ cells, total T cells, Th cells, myeloid-
derived suppressor cells (MDSCs), or regulatory T cells. Although low pretreatment levels of ctDNA and 
undetectable ctDNA levels after NACI were markedly associated with survival, the relationship between 
ctDNA levels and pCR remains elusive. Moreover, the patients with a high baseline NLR had a low 
incidence of pCR. Heavy smoking (>40 pack-years) was favorable for predicting pathological response. 
Conclusions: A reduced rate of 18F-FDG uptake post-NACI and TME-related surface markers on 
lymphocytes could be optimal predictors for pCR. However, the role of these pCR predictors for NACI 
remains poorly validated, warranting further investigations. This review focuses on predictive biomarkers for 
pathological response after NACI in patients with resectable NSCLC.
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Introduction

Currently, immunotherapy is considered the standard of 
care for most cancers, thereby contributing to long-term 
patient survival. Patients with non-small cell lung cancer 
(NSCLC) are candidates for immune checkpoint inhibitors 
(ICIs), including anti-programmed death-1 (PD-1)/
programmed death ligand-1 (PD-L1) antibodies. Notably, 
ICI therapy has been approved for both early and late-
stage patients with NSCLC (1-4). Recently, neoadjuvant 
therapy comprising platinum-based chemotherapy plus 
PD-1 blockade with nivolumab (chemoimmunotherapy) 
was identified as a standard regimen for patients with 
resectable NSCLC (5). The CheckMate 816 trial compared 
chemotherapy plus nivolumab regimen with chemotherapy 
alone in terms of the pathological complete response (pCR), 
revealing rates of 24% and 2.2%, respectively (P<0.001). 
Moreover, the event-free survival (EFS) in the chemotherapy 
plus nivolumab group was significantly superior to that 
in the chemotherapy alone group (31.6 vs. 20.8 months, 
P=0.005) (5). Patients who achieved pCR had a favorable 
prognosis after neoadjuvant chemoimmunotherapy (NACI) 
treatment. In contrast, the frequency of recurrence post-
surgery was markedly increased in those who failed to 
achieve pCR (5). An explorative analysis of the CheckMate 
816 trial revealed that the trends of circulating tumor DNA 
(ctDNA) immediately before NACI could help predict 
pCR (6). However, ctDNA was not detected in 75% of the 
eligible patients, highlighting major concerns regarding 
the clinical usefulness of ctDNA as a predictor of pCR. 
Although predicting pCR based on morphological changes 
observed in radiological imaging can be challenging, the 
Response Evaluation Criteria in Solid Tumors (RECIST) 
revealed complete response (CR) rates of 0.6% and 1.7% 
for chemoimmunotherapy and chemotherapy, respectively, 
without significant differences in the CheckMate 816 trial (5).  
Moreover, curative thoracic surgery was not performed 
in ~15% to 20% of eligible patients who experienced 
exacerbations after NACI (5). Considering the results 
of the CheckMate 816 trial, the optimal prediction of 

pCR could impact the potential of curative surgery and 
consecutive administration of chemoimmunotherapy, 
thereby identifying patients as non-candidates for NACI. 
A review of 20,000 patients with breast cancer in the 
National Cancer Database (NCDB) indicated that patients 
who achieved pCR after neoadjuvant chemotherapy had 
a survival benefit (7). Although the concept of pCR has 
been previously established in patients with breast cancer 
receiving neoadjuvant chemotherapy, biomarkers for 
predicting the therapeutic efficacy of NACI in patients with 
resectable NSCLC remain elusive. 

Recent studies have focused on the optimal prediction 
of the major pathological response (MPR) and pCR after 
NACI in NSCLC (8-12). Notably, the presence of viable 
cells rather than the morphological changes needs to 
be elucidated for the optimal prediction of pathological 
response after NACI. Thus, 18F-fluorodeoxyglucose 
(18F-FDG) positron emission tomography (PET) is 
effective for evaluating metabolic tumor activity after any 
treatment (13,14). In terms of biological approaches, tumor 
microenvironment (TME), immunological blood analysis, 
or genetic alternations may be useful for predicting the 
therapeutic efficacy after NACI. 

In this review, we aimed to summarize evidence from 
recent reports and highlight potential biomarkers for 
predicting the pathological response, including pCR, after 
NACI in patients with resectable NSCLC. We present this 
article in accordance with the Narrative Review reporting 
checklist (available at https://tlcr.amegroups.com/article/
view/10.21037/tlcr-24-142/rc).

Methods

We identified research article published in English by using 
the PubMed database of the United States National Library 
of Medicine. A database search was done on December 12, 
2023, and the search strategy included articles published 
between 2018 and 2022 using the following keywords: 
“chemoimmunotherapy” or “neoadjuvant” or “pathological 
complete response”; “pCR” or “major pathological 
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response”; “MPR” or “non-small cell lung cancer”; 
“NSCLC” or “predictive marker” or “prognostic”. The 
search did not restrict the type of publication or periodical. 
We selected all published articles that clearly reported the 
predictive marker of pathological response in patients with 
resectable NSCLC receiving chemoimmunotherapy. The 
search strategy is summarized in Table 1. 

Predictive biomarkers according to different 
modality

Therapeutic efficacy of NACI in clinical trials

Recent systematic reviews and meta-analyses have focused on 
the clinical efficacy of NACI for resectable NSCLC (15-20).  
Table 2 presents four studies reporting meta-analysis of 
neoadjuvant immunotherapy and NACI in resectable 
NSCLC. Wu et al. analyzed the pathological response after 
NACI in patients with resectable stage I–III NSCLC using 
66 articles, including 8 randomized studies, 39 prospective 

nonrandomized studies, and 19 retrospective studies, 
revealing a pooled pCR of 28.1% (16). Although the 
authors included immunotherapy alone, immunotherapy 
plus radiation therapy (RT), and chemoimmunotherapy 
(as a regimen of neoadjuvant therapy), the MPR and pCR 
for chemoimmunotherapy ranged from 57% to 83% and 
from 18% to 63%, respectively (16). However, the efficacy 
of pathological response was non-uniform according to the 
individual studies, owing to the different sample sizes. Liu et al.  
focused on the NACI in patients with stage III NSCLC, 
and nine trials containing 382 patients were examined by 
performing a meta-analysis (15). The estimated pooled 
results for MPR and pCR were 56% and 39%, respectively, 
thereby suggesting that NACI is beneficial for stage III 
NSCLC (15). Chen et al. reviewed 53 trials (7 randomized, 
29 prospective nonrandomized, and 17 retrospective trials) 
to validate the MPR after NACI in resectable stage I–II 
NSCLC. The authors revealed a pooled MPR of 53.8% 
and suggested that increased MPR may be associated with 
a survival benefit (19). Upon analyzing eight comparative 

Table 1 The search strategy summary

Items Specification

Date of search December 12, 2023

Databases and other sources searched PubMed

Search terms used (chemoimmunotherapy[Title] or (neoadjuvant[Title]) or (pathological complete response [Title]) or 
(pCR [Title]) or (major pathological response [Title]) or (MPR [Title]) or (non-small cell lung cancer 
[Title]) or (NSCLC [Title]) or (predictive marker [Title]) and (prognostic [Title])

Timeframe 2018 to 2022

Inclusion and exclusion criteria Only full text articles published in English were included. Articles without relationship between 
pathological response and predictive marker were excluded

Selection process K.K. conducted selection independently, and the authors discussed the scientific and clinical 
value of controversial articles to reach an agreement

NSCLC, non-small cell lung cancer.

Table 2 Meta-analysis on clinical efficacy after neoadjuvant ICI with or without chemotherapy

Ref.
Number of 

trials
No. of analyzed 

patients
Clinical 
stage

Regimens MPR (%) pCR (%)
Correlation of pCR or 

MPR with DFS
TRAEs (%)

(15) 9 382 III Chemotherapy plus ICI 56 39 NA 65

(16) 66 2,205 I–III ICI NA 28.1 Significant NA

(18) 16 988 I–III Chemotherapy plus ICI or ICI 43.5 21.9 NA 54.8

(19) 53 2,205 I–II ICI 53.8 NA Significant NA

ICI, immune checkpoint inhibitor; Ref. reference; No., number; MPR, major pathological response; pCR, pathological complete response; 
DFS, disease free-survival; TRAEs, treatment related adverse events; NA, not available.
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studies of chemoimmunotherapy versus chemotherapy 
alone, the meta-analysis demonstrated that the MPR for 
chemoimmunotherapy was substantially higher than that 
of chemotherapy, without any information regarding the 
pCR (19). Jiang et al. performed a meta-analysis using a 
total of 988 patients from 16 trials to evaluate the efficacy 
and tolerability of neoadjuvant immunotherapy with single/
combined ICI or chemoimmunotherapy (18). Considering 
all patients, the pooled MPR and pCR were 43.5% and 
21.9%, respectively (18). However, patients receiving 
NACI had a markedly increased pathological response 
when compared with those treated with neoadjuvant 
single-agent immunotherapy (MPR: 53.3% vs. 28.6%; 
pCR: 28.6% vs. 9.9%) (18). These results emphasized that 
NACI could afford a substantial pathological response 
when compared with single-agent immunotherapy with 
slightly increasing toxicities. Overall, several previous 
meta-analyses have concluded that NACI can contribute 
to improvements in the pathological response of resectable 
NSCLC when compared with single-agent chemotherapy 
or immunotherapy. 

Radiological assessment in 18F-FDG PET

Typically, radiological modalities are suitable for evaluating 
the therapeutic response in most patients with cancer. In 
clinical practice, computed tomography (CT) RECIST 
assessment is employed for therapeutic monitoring after 
any systemic treatment. In the CheckMate 816 trial, 
CR based on the RECIST and pCR after NACI were 
0.6% and 24%, respectively, indicating considerable 
discrepancies between the obtained values (5). Accordingly, 
morphological changes after NACI may not be associated 
with pCR prediction. Therefore, “metabolic tumor 
activity” rather than “morphological change” could be an 
optimal assessment of residual viable cells. Considering all 
radiographic modalities, 18F-FDG PET has been deemed 

the most suitable to quantitatively analyze viable tumor 
cells. Compared with CT scan, 18F-FDG PET was found to 
be useful for therapeutic prediction of early response after 
immunotherapy in patients with advanced NSCLC (14,21). 

Recent reports have highlighted the usefulness of 
18F-FDG PET after NACI and before surgery for 
predicting the pathological response to neoadjuvant 
immunotherapy or NACI in patients with resectable 
NSCLC (8-12). For example, 18F-FDG PET before 
surgery was shown to predict the MPR after neoadjuvant 
sintilimab (PD-1 blockade) in 36 patients with resectable 
NSCLC (Table 3) (8). The authors found that pathological 
regression strongly correlated with the percentage changes 
of metabolic parameters after neoadjuvant therapy, and 
all patients (100%, 13/13) with partial metabolic response 
(PMR; 36.1%, 13/36), as determined by the PET response 
criteria in solid tumors (PERCIST), displayed MPR 
(36.1%, 13/36), including pCR of 38.5% (8). However, no 
patient achieved CMR; thus, the relationship between the 
prevalence of pCR and CMR was not established (7). Another 
retrospective study compared the pathological response 
between 18F-FDG PET and CT imaging before NACI and 
surgery in 67 patients with stage II/III NSCLC (Table 3) (9).  
18F-FDG PET assessment exhibited high consistency with 
pathological response, but CT assessment showed low 
consistency (9). The percentage changes in 18F-FDG uptake 
before and after NACI differed significantly between pCR 
(n=28) and non-pCR (n=39) groups (9). Twenty-eight 
patients achieved pCR, 15 showed MPR, and 24 patients 
were non-MPR; the postoperative MPR and pCR rates 
were 64.2% (43/67) and 41.8% (28/67), respectively. Among 
the 28 patients who achieved pCR, 20 patients (71.4%) 
had CMR and 8 (28.6%) achieved PMR determined by 
18F-FDG PET, whereas 4 patients (14.3%) had CR, 18 
(64.3%) had partial response (PR), and 6 patients (21.4%) 
achieved stable disease (SD) by CT scan; non-MPR was not 
observed in the patients with CMR or CR. Accordingly, to 

Table 3 Relationship between pathological response and 18F-FDG PET based on PET response assessment

Ref. Number Regimens
Clinical 
stage

MPR (%) pCR (%)

PET response based  
on PERCIST (%)

PPV by PMR (%) PPV by CMR (%)

CMR PMR MPR pCR MPR pCR

(8) 36 ICI IA–IIIB 36.1 13.9 0 36.1 100 38.5 NA NA

(9) 67 ICI + chemotherapy II–III 64.2 41.8 29.9 11.9 39.5 28.6 21.1 71.4
18F-FDG, 18F-fluorodeoxyglucose; PET, positron emission tomography; Ref. reference; MPR, major pathological response; pCR, 
pathological complete response; ICI, immune checkpoint inhibitor; PERCIST, PET response evaluation criteria in solid tumors; PPV, 
positive predictive value; PMR, partial metabolic response; CMR, complete metabolic response; NA, not available.
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evaluate the pathological response after NACI and before 
surgery, PERCIST was found to be more sensitive and 
accurate than RECIST for identifying more responders (9).  
Based on these findings, CMR determined by 18F-FDG 
PET could predict the pCR after NACI in ~70% of patients. 
Nevertheless, given that predicting pCR using18F-FDG PET 
can be challenging in approximately 30% of the patients 
who received chemoimmunotherapy, further investigations 
are warranted to determine the potential of different PET 
tracers in addition to 18F-FDG as predictors of pCR. Zhuang 
et al. described the utility of 18F-FDG PET uptake before 
surgery values for predicting pathological response to NACI 
in resectable NSCLC (Table 4) (10). The authors found that 
the percentage changes in maximum standardized uptake 
value (SUVmax) on 18F-FDG uptake before and after NACI 
and post-therapy SUVmax could accurately predict the MPR, 
whereas baseline SUVmax was not associated with MPR (10). 
Although there was no information regarding pCR, SUVmax 
on 18F-FDG uptake was highlighted as an accurate predictor 
for the MPR after NACI. These results were substantiated 
in a subsequent study (10), describing that post-therapy 
SUVmax and the percentage changes of SUVmax [ΔSUVmax% 
= (baseline SUVmax − post SUVmax)/baseline SUVmax × 
100%] were significantly lower in patients with MPR 
than in those with non-MPR (Table 4) (12). These studies 
highlighted the clinical usefulness of post-therapy SUVmax 
and the percentage changes in SUVmax for predicting MPR 
after NACI (10,12). Chen et al. reported the usefulness 
of 18F-FDG PET before surgery for predicting the MPR 
after NACI in NSCLC (Table 4) (11). The SUVmax value 
on 18F-FDG uptake after NACI was significantly higher 
in tumors with MPR than in those without MPR, and an 
SUVmax reduction exceeding 60% was more likely to result 

in MPR by the probability of sensitivity of 89.3% and 
specificity of 62.5% (11). 

The potential of percentage changes in SUVmax before 
and after NACI or immunotherapy have been underscored 
for the prediction of MPR post-surgery. The criteria 
of ΔSUVmax and PERCIST were used to measure the 
percentage change following 18F-FDG uptake. However, 
the 18F-FDG uptake value could not comprehensively 
predict the pCR after NACI. It should be noted that 
previous studies did not focus on the relationship between 
pCR and 18F-FDG uptake. Although SUVmax was evaluated 
as a measurement of 18F-FDG on PET, the assessment of 
metabolic tumor activity, including metabolic tumor volume 
(MTV) or total lesion glycolysis (TLG), has not been 
explored, with the exception of one study (10). Previous 
studies successfully demonstrated that MTV or TLG, but 
not SUVmax, could predict the outcome in the early phase 
after ICI monotherapy in patients with advanced NSCLC 
(14,21). Moreover, metabolic tumor activity, as determined 
by MTV or TLG at baseline, was found to be a better 
predictor of prognosis after ICI monotherapy than SUVmax 
(22-24). Future investigations should focus on assessing 
MTV or TLG to predict pCR and MPR after ICI or ICI 
plus chemotherapy. 

Tumor immune microenvironment and blood biomarkers

Tumor-infiltrating lymphocytes (TILs) in the tumor and 
stroma are expected to accurately predict the outcome of 
ICI therapy. Several researchers have reported that CD8+ 
TILs in the tumor or stroma were the strongest predictors 
of progression-free survival (PFS) and overall survival 
(OS) following PD-1 blockade therapy in the patients 

Table 4 Relationship between pathological response and 18F-FDG PET based on decreasing rate of SUVmax

Ref. Number Regimens
Clinical 
stage

MPR (%) pCR (%)

Significant cut-off 
value for ΔSUVmax%

Correlation with MPR

MPR pCR ∆SUVmax% Post-therapy SUVmax

(10) 49 Cohort A ICI + chemotherapy IIA–IIIB 59.2 30.6 54.4 36.8 <0.001 0.004

49 Cohort C ICI + chemotherapy 55.1 40.8 NA NA NA

(11) 44 ICI + chemotherapy II–III 63.6 NA 60 NA 0.01 NA

(12) 36 ICI I–IIIB 36.1 NA 35.1 NA <0.001 <0.001

68 ICI + chemotherapy 60.3 NA NA NA <0.001 <0.001

ΔSUVmax% = (baseline SUVmax − post SUVmax)/baseline SUVmax × 100%. 18F-FDG, 18F-fluorodeoxyglucose; PET, positron emission 
tomography; SUVmax, maximum standardized uptake value; Ref. reference; MPR, major pathological response; pCR, pathological complete 
response; ICI, immune checkpoint inhibitor; NA, not available. 
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with advanced NSCLC (25-27). Duhen et al. reported 
that CD103+ CD39+ CD8+ T cells killed cancer cells in a 
major histocompatibility complex (MHC) class I-restricted 
manner, and the greater the presence of this population 
in TILs, the better the prognosis (28). Banchereau et al. 
revealed that intratumoral CD103+ CD8+ T cells could 
predict therapeutic efficacy in patients with lung and 
bladder cancer undergoing anti-PD-L1 antibody therapy 
in advanced cases (29). Considering anti-PD-1 antibody-
treated patients with advanced lung cancer, gastric 
cancer, and melanoma, PD-1+ CD8+ T cells and PD-1+ 
Tregs in TILs were associated with a favorable and poor 
prognosis, respectively. Reportedly, the balance in the 
PD-1 expression ratio of PD-1+ CD8+ T cells and PD-1+ 
Tregs can be a useful biomarker for anti-PD-1 antibody 
therapy (30). We recently described that stromal CD4+ 
TILs and intratumoral CD8+ TILs were crucial markers 
for predicting the outcome after pembrolizumab in patients 
with advanced NSCLC (31). According to Casarrubios 
et al., the T cell receptor (TCR) repertoire evenness and 
higher frequency of the top 1% most common TCRs in the 
pretreatment tumor tissue were more accurate predictors 
of CPR in patients with NSCLC receiving NACI than 
TMB and PD-L1 (32). Accordingly, CPR could be achieved 
after NACI if a high-frequency population of the dominant 

TCR repertoire is present in the pretreatment tumor tissue. 
In addition, immunotherapy is thought to induce tertiary 
lymphoid structure (TLS) formation, and TLS maturation 
may serve as a biomarker for favorable disease-free survival 
and MPR in patients with NSCLC receiving NACI (33). 
However, there is limited evidence regarding the predictive 
significance of TILs in tumor specimens before and after 
NACI in patients with resectable NSCLC (Table 5). Overall, 
the presence of many TILs is thought to be a factor that 
enhances the effect of NACI, but there are also populations 
of TILs that attenuate immune responses, such as PD-1+ 
Tregs, and further analysis results are awaited.

Chen et al. described that the infiltration of immune 
cells such as CD3, Foxp3+, and CD8+/PD-1+ cells before 
NACI correlated with the pathological response (pCR or 
MPR) in 32 patients with stage IIA–IIIC NSCLC and TILs 
increased after NACI (34). The authors emphasized that 
responders (MPR or pCR) had substantially higher levels 
of CD8+/PD-1+ T cells in the tumor tissue prior to NACI 
than non-responders (non-MPR), thereby suggesting 
potential clinical benefits (34). Han et al. reported the 
clinical significance of TME as a predictor of pathological 
response after NACI in 29 patients with stage III and IV 
locally advanced or oligometastatic NSCLC (35). Based 
on the observed findings, the authors suggested that NACI 

Table 5 Relationship between pathological response and tumor immune microenvironment

Ref. Number Regimens
Clinical 
stage

MPR (%) pCR (%) Sampling
Significant marker for MPR Significant marker for pCR

Increase Decrease Increase Decrease

(32) 40 ICI + chemotherapy IIIA 75 56.8 Tissue, 
blood

None None Tissue TCR 
repertoire 
evenness

None

(33) 40 ICI + chemotherapy IA–IIIB NA NA Tissue TLS 
maturation

None None None

(34) 32 ICI + chemotherapy IIA–IIIC 43.7 NA Tissue CD8+ T 
cells

CD3+ T cells, 
Foxp3 T cells

NA NA

(35) 29 ICI + chemotherapy III–IV 55 41 Tissue NA NA CD3+PD-L1+ 
TILs

CD4+TILs CD4+Foxp3+ 
TILs

(36) 27 ICI + chemotherapy IIIA NA 55.6 Blood NA NA CD4+PD-1+ cells CD3+CD56+CTLA-4+ 
cells

(37) 59 ICI + chemotherapy IIA–IIIB NA 28.8 Blood NA NA NK cells Total T cells, Th cells

(38) 23 ICI + chemotherapy IA–IIIB 52 39 Blood None None None MDSCs, Tregs

Ref. reference; MPR, major pathological response; pCR, pathological complete response; sampling, sampling lesion to assess biomarkers; ICI, 
immune checkpoint inhibitor; none, no statistically significant biomarkers; TCR, T cell receptor; NA, not available; TLS, tertial lymphoid structure; 
PD-L1, programmed death ligand-1; TILs, tumor infiltrative lymphocytes; PD-1, programmed death-1; NK, natural killer; MDSCs, myeloid-derived 
suppressors cells.
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led to increased immune infiltration and baseline TILs 
correlated with the pathological response. Patients who 
achieved pCR were likely to demonstrate higher infiltration 
of CD3+PD-L1+ TILs and lower infiltration of CD4+ or 
CD4+Foxp3+ TILs in the stroma of the baseline specimen. 
Conversely, higher tumor CD8+ TIL infiltration was 
predominant in patients with non-MPR (35). 

As a non-invasive modality to explore the TME, 
peripheral blood mononuclear cells (PBMCs) can be 
valuable and have been widely investigated as predictive 
markers of immunotherapy. Although the trend of CD4+ T 
cells in peripheral blood could predict the outcome of ICI 
monotherapy in patients with advanced NSCLC (39), there 
is no established biomarker for predicting immunotherapy 
based on PBMCs. A recent study investigated the relationship 
between blood biomarkers and pCR in 27 patients with 
stage IIIA NSCLC who received NACI (36). Of the 27 
patients, 15 who achieved pCR revealed a trend toward 
higher baseline levels of PD-1+ cells, which was statistically 
significant only for CD4+ but not for CD8+ T cells. 
Moreover, the peripheral blood immune status at diagnosis 
seemed to be associated with the prediction of pCR (36). 
Ma et al. described that the peripheral blood immune cell 
subsets were closely associated with pathological response 
in patients with resectable stage IIA–IIIB NSCLC (n=59) 
after NACI (37). Total T cells and activated T cells were 
markedly increased in patients who achieved pCR, and no 
correlation was detected between pathological response 
and PD-L1 expression (37). On the other hand, Wen 
et al. examined the predictive significance of circulating 
myeloid-derived suppressor cells (MDSCs) in 23 patients 
with NSCLC receiving NACI (38). Although the level of 
MDSCs positively correlated with Treg levels and negatively 
correlated with CD4+ T cells in peripheral blood, baseline 
levels of MDSCs and Tregs in patients who achieved pCR 
were substantially lower than in those who did not achieve 
pCR (38). Overall, NACI could induce notable changes in 
peripheral blood immune levels in patients with NSCLC (37). 

Foxp3+ T cells were found to be reduced in NACI 
responders, while CD8+/PD-1+ TILs were enhanced in 
non-responders, thereby suggesting that NACI suppressed 
the infiltration of regulatory T cells in responders and 
promoted CD8+ T cells in non-responder (34). The distinct 
function of TILs could be attributed to differences in 
TIL infiltration between responders and non-responders 
after NACI. One explanation could be the presence of 
dysfunctional CD8+ TILs in the tumor and stroma of non-
responders after NACI (40). Dysfunctional or exhausted T 

cells are characterized by defective effector function (41),  
and a subset of effector burned-out CD8+ T cells in 
NSCLC tumors was found to correlate with a worse 
response to PD-1 blockade (40). If dysfunctional TILs 
containing CD8+/PD-1+ T cells infiltrated into tumors 
without a response to PD-1 blockade, measuring TILs to 
predict the pCR after NACI could present a considerable 
challenge. Accordingly, differences between functional and 
dysfunctional T-cells need to be detected by employing 
more useful methodologies. 

Genetic alternations

According to the NADIM phase II study, preoperative 
ctDNA levels were substantially associated with OS after 
NACI (6). TMB and PD-L1 expression was not predictive 
of OS, whereas low pretreatment levels of ctDNA and 
undetectable ctDNA levels after NACI were substantially 
associated with PFS and OS (6). Although baseline ctDNA 
was closely associated with tumor size, baseline ctDNA 
could not be detected in approximately 30% of the 
pretreatment plasma samples. Moreover, the relationship 
between the levels of ctDNA and pCR remains unclear. 

Zeng et al. presented the relationship between copy 
number variations and MPR after NACI in 94 patients 
with unresectable stage IIIA–IIIB lung cancer (42). The 
authors reported MPR and pCR values of 65.6% and 
42.2%, respectively (42), and two clusters of hot and cold 
tumors were defined according to the enrichment score 
of 28 different immune cell infiltrations (42). There was 
no difference in the proportion of hot tumors at baseline 
between MPR and non-MPR; however, the infiltration of 
immature dendritic cells was substantially higher in MPR 
than in non-MPR. The proportion of hot tumors was 
considerably increased in surgically resected samples than in 
baseline specimens, indicating that all cold tumors converted 
to hot tumors after NACI. These findings suggested a 
significant association between copy number variations status 
and MPR. Likewise, Casarrubios et al. analyzed a panel 
targeting 395 genes related to immunological processes 
using baseline and post-treatment tissue specimens from 
41 patients with resectable stage IIIA NSCLC treated 
with NACI from the NADIM study (43). The authors 
demonstrated that tumors with pCR had a stronger pre-
established immune infiltrate (high level of IFNG, GZMB, 
NKG7, and M1 macrophages) at baseline than non-pCR 
tumors. In addition, the higher expression of several genes 
(AKT1, BST2, OAS3, CD8B) in post-treatment non-pCR 
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samples was related to relapse after surgery (43). Moreover, 
the authors identified the differences in achieving possible 
response and relapse mechanisms in relapse between pCR 
and non-pCR after neoadjuvant therapy of NSCLC (43). 
Gene expression associated with tumor immune infiltration 
was analyzed using small sample sizes in previous studies. 
Therefore, only exploratory evidence can be established 
to distinguish pCR and non-pCR. Further investigations 
are warranted to investigate the relationship between the 
expression of immune-related genes and the pathological 
response after NACI using a large sample size. 

Clinical biomarkers according to patient’s demographics

Modalities such as gene analysis, immunohistochemistry, 
and radiological devices can aid in predicting the 
therapeutic efficacy after any treatment. However, it is 
crucial to obtain sufficient tumor tissue during biopsy 
to analyze biological alternations, and economic issues 
associated with the measurement of certain biomarkers 
need to be considered. If any affordable biomarkers, such 
as patient characteristics or routine blood samples, can 
effectively predict therapeutic efficacy, physicians can easily 
confirm appropriate predictors according to different 
treatments. Recently, the potential of clinical markers 
capable of predicting the pathological response after NACI 
in resectable NSCLC has been reported (44-48). The 
prognostic significance of inflammatory biomarkers in 
the peripheral blood has been examined in patients with 
advanced NSCLC who received immunotherapy (49-51). 
Inflammatory indices, such as the neutrophil-to-lymphocyte 
ratio (NLR), platelet-to-lymphocyte ratio (PLR), and 
systemic immune-inflammation index (SII), have been 
explored as potential prognostic and predictive biomarkers 
in patients with advanced NSCLC who were treated with 
ICIs (49). Li et al. reported that NLR, PLR, and SII values 
approximately 3 weeks after initiating NACI were markedly 
lower in NSCLC patients with MPR than in those with 
non-MPR (discovery cohort, 122 patients; validation 
cohort 92 patients), with SII identified as an independent 
predictor of MPR by multivariate analysis (44). Although 
the relationship between pCR and these inflammatory 
markers was not investigated, resected tumor samples from 
37 patients collected for RNA-sequencing revealed that 
the patients with low SII exhibited substantially higher 
intratumoral infiltration of activated CD8+ T cells, T 
helper T cells, macrophages, and activated dendritic cells 
than those with high SII (44). Liu et al. also examined the 

predictive role of pCR based on baseline and preoperative 
NLR values after NACI in 116 patients with resectable 
NSCLC (45). Multivariate analyses revealed that patients 
with high baseline NLR had a lower incidence of pCR, with 
a shorter disease-free survival identified in those with high 
preoperative NLR (45). 

Two studies reported the pathological response according 
to the number of NACI cycles in patients with NSCLC 
(46,47). In both studies, the patients were divided into the 
2-cycle group and the more than 2-cycle (>2-cycle group); 
however, MPR did not differ significantly between the two 
groups (45,47). Accordingly, the number of neoadjuvant 
cycles administered does not substantially impact the 
pathological response of chemoimmunotherapy. 

According to Yang et al., smoking signature had better 
performance than PD-L1 expression in terms of predicting 
the pathological response after NACI in 39 patients with 
NSCLC (48). The authors found that heavy smokers with 
>40 pack-years were favorable for predicting pathological 
response, and the pathological response included pCR and 
MPR (48). Thus, the association between pCR and smoking 
signature remains elusive.

Overall, it remains unclear whether the smoking 
signature or the cycle number could predict the pCR after 
NACI. NLR may be useful in predicting the pathological 
response; however, further investigations are warranted to 
identify whether baseline or post-treatment inflammatory 
markers would serve as optimal predictors for the pCR. 

Discussion

The current review focuses on predictive markers for 
pathological response to NACI in patients with resectable 
NSCLC. In particular, it is crucial to identify and establish 
novel predictors for pCR, not MPR, given the close 
relationship between achieving pCR and favorable survival 
outcomes, as demonstrated in the CheckMate 816 study (5). 

Reportedly, the number of NACI cycles is not associated 
with its pathological response. Although a smoking history of 
>40 pack-years may be related to the increased pathological 
response, the precise level of smoking that could predict 
the pCR after NACI remains unknown. However, clinical 
markers such as NLR or SII can be easily assessed using 
routinely collected blood samples for systemic chemotherapy 
and may be helpful in predicting ICI therapy. A recent 
meta-analysis has highlighted the considerable evidence 
supporting the application of NLR as a prognostic marker 
for advanced NSCLC treated with immunotherapy (49). In 
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addition to the prognostic significance of NLR, a recent 
study demonstrated that a lower baseline NLR value was 
closely associated with an increased response rate after ICI 
therapy in advanced NSCLC (50). To utilize NLR as an 
optimal predictor, the ideal measurement time better before 
and after neoadjuvant therapy and a cut-off value are crucial 
issues that need to be addressed. Recruiting larger cohorts 
could resolve these critical challenges. 

Radiological assessment or the detection of promising 
biomarkers related to the TME could be critical for the 
early prediction after NACI in patients with resectable 
NSCLC. The pathological response by 18F-FDG PET 
was assessed by PET response based on PERCIST and 
ΔSUVmax. The CMR by PET response achieved a positive 
predictive value (PPV) of 71.4% for the detection of pCR 
after NACI (9) (Table 3), whereas the change in SUVmax, as 
determined by ΔSUVmax before and after NACI elicited a 
PPV of 36.8% for pCR (10) (Table 4). Overall, the change 
in ΔSUVmax closely is correlated with MPR (Table 4).  
Accordingly, CMR determined by PERCIST can be a 
promising predictor of pCR. 

Pathological response determined by 18F-FDG PET has 
been examined in patients with non-thoracic neoplasms 
who received neoadjuvant ICI therapy (51-53). The high 
tumor SUVmax and low total MTV on 18F-FDG PET 
were identified as independent factors for pCR in 100 
patients with early-stage triple-negative breast cancer after 
NACI (51). In 58 patients with esophageal squamous cell 
carcinoma receiving NACI, 18F-FDG PET was acquired 
at baseline and after NACI, and SUVmax, MTV, and TLG 
after NACI were substantially lower in pCR patients than 
in non-pCR patients (52). Furthermore, primary tumor 
response assessment using 18F-FDG PET-based MTV and 
TLG could accurately identify MPR after neoadjuvant ICI 
monotherapy in 32 patients with head and neck squamous 
cell carcinoma (53). Based on these reports, 18F-FDG PET 
parameters exhibit good performance for predicting pCR 
after NACI in patients with resectable cancer. 

Notably, studies that explored the relationship between 
pathological response and TME after NACI involved 
markedly small sample sizes (Table 5), complicating the 
establishment of accurate conclusions. Significant biomarkers 
for pCR differed according to individual studies. Moreover, 
materials that could improve the detection of TME, as well 
as the assessment of blood or tissue samples, are yet to be 
established. Further investigations are warranted to elucidate 
optimal predictors using a large sample size. 

Data derived from morphological imaging or radiomics 

by deep learning remain underdeveloped for predicting 
pCR, with only limited investigations reported to date. 
Additional investigations are crucial to elucidate the 
relationship between radiomics and the prediction of pCR 
based on established programming systems. 

Predictive perspective for NACI

Based on previous studies, changes in MTV determined 
by PET or lymphocyte surface markers related to TME 
could be developed as optimal predictors of pCR after 
NACI. Although accurately predicting pCR using 
18F-FDG uptake at baseline NACI remains a challenge, 
the reduced rate of 18F-FDG uptake immediately after 
NACI indicates the possibility of pCR with a probability of 
approximately 70%. However, critical issues such as false-
positive 18F-FDG accumulation need to be resolved (54). 
To overcome these challenges, new PET tracers, such as 
proliferation with 18F-fluoro-thymidine (FLT), hypoxia 
with 18F-fluoromisonidazole (FMISO), and amino acid 
metabolism with L-[3-18F]-α-methyltyrosine (18F-FAMT), 
are expected to replace the presence of 18F-FDG uptake, 
given their more specific detection in tumor cells (55). 
Future studies should focus on the possibility of optimal 
predictors of pCR after NACI using these new PET tracers. 

Biomaterials at baseline NACI may be better candidates 
for predicting pCR than those after NACI. Instead of 
PET imaging, blood samples or tumor specimens could 
facilitate the discovery of predictive biomarkers related to 
TME. Considering blood samples at baseline NACI, CD4-
related markers need to be further explored, whereas CD8 
or Foxp3-related markers should be examined as promising 
predictors of pCR if tumor tissue samples are available. 
From the perspective of both blood and tissue samples, 
further investigations are necessary to establish biomarkers 
of NACI. 

Conclusions

The current review focuses on the pathological response 
in terms of pCR after NACI. Overall, several studies using 
limited sample sizes have reported potential predictors of 
pathological response after NACI in patients with resectable 
NSCLC. Based on accumulated evidence, a reduced rate of 
18F-FDG uptake after NACI and surface markers on TME-
related lymphocytes may be promising as optimal predictors 
of pCR (Figure 1). However, the evidence regarding 
potential pCR predictors after NACI needs to be further 
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substantiated. Given the paucity of reports on radiomics 
or clinical markers such as NLR or smoking signature, the 
potential of these pCR predictors remains uncertain, owing 
to differences in study design. Nevertheless, achieving 
long-term survival after ICI therapy, not increasing the 
response rate to ICIs, remains the primary endpoint. Given 
that previous reports on NACI in patients with resectable 
NSCLC are limited by a follow-up period, it is difficult to 
discuss the relationship between potential predictors and 
outcomes after NACI. Future reviews should focus on the 
outcome after NACI in resectable NSCLC. 
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