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Abstract. Recent neoadjuvant trials in lung cancer have demon‑
strated meaningful survival advantages, highlighting the need 
for standardized assessment of pathologic response in resected 
specimens. Only two systems are currently recommended for 
evaluating post‑treatment response, namely the International 
Association for the Study of Lung Cancer (IASLC) tumor 
regression grading system and the immune‑related pathologic 
response criteria (irPRC). The present study aimed to review 
and apply histopathologic parameters for assessing tumor 
regression in non‑small cell lung carcinoma (NSCLC) speci‑
mens resected after neoadjuvant therapy. A total of 30 NSCLC 
resections obtained after neoadjuvant therapy between 2022 
and 2025 were analyzed. Gross and microscopic evaluations 
were performed according to IASLC recommendations. 
Residual viable tumor, fibrosis, inflammation and necrosis were 
semi‑quantitatively assessed according to IASLC and irPRC 
principles. Major pathologic response (mPR) was defined as 
≤10% viable tumor and pathologic complete response (pCR) 
as 0% viable tumor. Associations with demographic features, 
treatment modalities and survival outcomes were analyzed. 
Compared with chemotherapy (CT) alone, chemo‑immu‑
notherapy (CIT) exhibited a trend toward a deeper pattern 
of tumor regression, reflected by lower median viable tumor 
percentages (7.5 vs. 55.0%) and higher mPR rates (62.5 vs. 
22.7%), although these differences did not reach statistical 
significance. pCR occurred in 37.5% of patients treated with 
CIT and in 13.6% of patients treated with CT. CIT specimens 
demonstrated more prominent immune‑mediated stromal 

changes, including greater intratumoral inflammation (32.5 
vs. 10.0%) and more frequent lymphocytic patterns. Fibrosis 
strongly correlated with response (P<0.001), whereas necrosis 
did not. Spread through air spaces positivity was found to be 
significantly reduced in cases of mPR (P<0.001). Therefore, 
neoadjuvant CIT may be associated with deeper pathologic 
regression compared with CT, characterized by increased 
fibrosis and immune activation. Major pathologic response 
remains a potential prognostic indicator and integration of 
IASLC and irPRC criteria, together with tumor microenviron‑
ment assessment, may improve the evaluation of treatment 
response in resectable NSCLC.

Introduction

NSCLC accounts for ~85% of all lung cancer cases and is 
the leading cause of cancer‑related mortality worldwide, with 
an estimated 2.2 million new cases and 1.8 million deaths 
annually (1). Neoadjuvant therapy has become an established 
method for the management of initially unresectable stage IIIA 
and stage IV non‑small cell lung carcinoma (NSCLC) at 
the time of diagnosis (2,3). It is particularly beneficial for 
achieving tumor downstaging in cases with single‑station 
N2 lymph node involvement or large tumors associated with 
arterial or venous invasion. Accumulating evidence has indi‑
cated that, particularly with the addition of immunotherapy to 
conventional chemotherapy (CT) regimens, neoadjuvant treat‑
ment improves survival and resectability while also enhancing 
pathologic response rates (4,5).

To address this need, the International Association for the 
Study of Lung Cancer (IASLC) has published comprehensive 
multidisciplinary recommendations for the pathologic evalua‑
tion of lung cancer resection specimens following neoadjuvant 
therapy (5). These guidelines emphasize meticulous identifica‑
tion and sampling of the tumor bed, quantification of residual 
viable tumor (RVT) and uniform definitions for major patho‑
logic response (mPR), defined as ≤10% RVT and pathologic 
complete response (pCR), defined as 0% RVT, irrespective of 
treatment modality.

However, the addition of immunotherapy to conventional 
CT has highlighted the need to incorporate new regression 
patterns into tumor regression grading systems. Features such 
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as proliferative fibrosis, neovascularization, dense lympho‑
cytic infiltrates, foamy macrophages and stromal alterations 
have led to the development of a quantitative scoring system 
referred to as the immune‑related pathologic response criteria 
(irPRC) (6).

The density of tumor‑infiltrating lymphocytes (TILs) 
within the tumor microenvironment has emerged as an 
important parameter following neoadjuvant therapy  (7,8) 
Tumor cells exhibit enhanced glycolytic activity, resulting 
in increased lactate production and accumulation within the 
tumor microenvironment, which has been shown to suppress 
T‑cell function and promote immunosuppression. In this 
context, tumor‑derived metabolic alterations, particularly 
lactate accumulation, have been shown to suppress T‑cell 
function and promote an immunosuppressive microenviron‑
ment (9). The irPRC system has been applied across multiple 
tumor types, including NSCLC, melanoma, urothelial carci‑
noma and breast cancer, in patients treated with PD‑1/PD‑L1 
inhibitors (6,10‑12).

Pivotal clinical trials have further highlighted the impor‑
tance of standardized pathologic assessment. The phase III 
CheckMate 816 trial (trial no. NCT02998528) demonstrated that 
the addition of nivolumab to platinum‑doublet chemotherapy 
significantly increases both mPR and pCR rates compared 
with chemotherapy alone, while maintaining surgical safety 
and feasibility  (13). Similarly, the Lung Cancer Mutation 
Consortium 3 (LCMC3) trial (trial no. NCT02927301), which 
evaluated neoadjuvant atezolizumab monotherapy, reported 
meaningful pathological responses, including 20% mPR and 
7% pCR, supporting the biological activity of single‑agent 
immunotherapy in early‑stage NSCLC  (14). These results 
underscore the ability of immunotherapy to induce deeper 
tumor regression compared with traditional cytotoxic 
treatment.

The pathologist serves a central role in the quantitative 
assessment of these responses. Distinguishing viable tumor 
from therapy‑induced stromal changes, defining the bound‑
aries of the tumor bed and assessing the extent of necrosis can 
present challenges in routine practice. Therefore, the applica‑
tion of standardized criteria is important  (15). Tumor bed 
mapping and the identification of immune‑mediated regres‑
sion features, such as proliferative fibrosis, neovascularization, 
dense lymphocytic infiltrate and foamy macrophages, are 
required for accurate interpretation of post‑treatment resection 
specimens (16).

Comparative studies have provided additional insight into 
histologic patterns associated with different neoadjuvant treat‑
ment modalities, with a number of studies having suggested 
that, compared with CT alone, chemo‑immunotherapy (CIT) 
may be associated with more pronounced fibrotic remod‑
eling, denser TIL infiltration, lower viable tumor burden 
and a reduced frequency of adverse prognostic features, 
such as spread through air spaces (STAS) and pleural inva‑
sion (4,17‑19).

Collectively, the existing literature demonstrates that 
standardized evaluation integrating both IASLC and irPRC 
principles is important in accurately quantifying therapeutic 
effect, predicting clinical outcomes and enabling comparison 
across neoadjuvant trials. Despite notable progress, real‑world 
studies comparing histologic response patterns between CT 

and CIT remain limited, particularly regarding the association 
between fibrosis, inflammation, necrosis, STAS and survival 
outcomes. Therefore, the present study aimed to address this 
gap by systematically evaluating pathologic response and 
regression features in NSCLC resection specimens following 
neoadjuvant therapy using both IASLC and irPRC frameworks. 
Proportional assessment of residual tumor, fibrosis, inflamma‑
tion, necrosis and the tumor bed may thus reveal differences in 
treatment response between CT and CIT protocols.

Materials and methods

Patient selection. The present retrospective study included 
resected lung cancer specimens from patients who 
underwent neoadjuvant CT or CIT at the Department of 
Pathology, Etlik City Hospital, Ankara, Türkiye, between 
November 2022 and July 2025. Clinical data were obtained 
from medical records, including age, sex, smoking history, 
treatment regimen, clinical stage, radiologic findings and 
follow‑up information.

Inclusion criteria were as follows: i)  histologically 
confirmed non‑small cell lung cancer (NSCLC); ii) receipt 
of neoadjuvant CT or CIT followed by surgical resection; 
and iii)  availability of adequate pathological material for 
evaluation. Exclusion criteria included: i) incomplete clinical 
or follow‑up data; ii) insufficient tumor tissue for histopatho‑
logical assessment; and iii) prior history of other malignancies 
or previous lung cancer treatment.

The present study was conducted in accordance 
with the Declaration of Helsinki and was approved by 
the Ethics Committee of Etlik City Hospital (approval 
no.  AEŞH‑BADEK2‑2025‑285). The requirement for 
informed consent was waived due to the retrospective nature 
of the study.

Figure 1. Gross assessment and mapping of the tumor bed following neoad‑
juvant therapy. The specimen was systematically sectioned and subdivided 
into grid areas (A‑U) for representative sampling according to International 
Association for the Study of Lung Cancer recommendations.
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Pathologic examination. All resection specimens were 
grossly examined in accordance with IASLC recommenda‑
tions, with particular attention paid to accurate identification 
and mapping of the tumor bed (5). Fibrotic and necrotic areas 
within the tumor bed were extensively sampled, and the 
entire tumor bed was comprehensively submitted for histo‑
pathological evaluation to ensure adequate representation of 
treatment‑induced changes. As shown in Fig. 1, each specimen 
was systematically sectioned and subdivided into grid areas to 
enable precise mapping and comprehensive assessment of the 
tumor bed (Fig. 1). Representative sections were obtained from 
the entire tumor bed, including areas of fibrosis, necrosis, and 
any residual viable tumor. All nodal stations were systemati‑
cally evaluated to assess metastatic involvement. Lymph nodes 
from each station were dissected and entirely submitted for 
histological evaluation when feasible.

Surgical specimens were fixed in 10% neutral buffered 
formalin (Sigma‑Aldrich; Merck KGaA) at room tempera‑
ture for 24‑48 h. Following fixation, tissues were routinely 
processed using an automated tissue processor and embedded 
in paraffin. Paraffin blocks were sectioned at a thickness of 
4 µm using a rotary microtome and mounted on glass slides 
Histopathological assessment focused on quantifying the 
percentage of RVT and assigning tumor regression grade 
according to established criteria (5,6). The pattern and extent 
of fibrosis, the presence and degree of coagulative necrosis and 
the distribution of inflammatory infiltrates, including stromal 
and intratumoral TILs, were documented. Briefly, sections 
were deparaffinized in xylene and rehydrated through graded 

ethanol solutions. Hematoxylin staining (Harris hematoxylin; 
Sigma‑Aldrich; Merck KGaA) was performed for 5‑7 min at 
room temperature, followed by rinsing in running tap water 
and differentiation. Slides were counterstained with eosin Y 
solution (Sigma‑Aldrich; Merck KGaA) for 1‑2 min at room 
temperature, dehydrated through graded alcohols, cleared 
in xylene, and coverslipped using a mounting medium. All 
stained slides were examined using a light microscope. 
Histopathological evaluation was performed independently by 
experienced pathologists. Whole‑slide images were reviewed 
using QuPath (version 0.6.0) (20). Tumor, necrotic and stromal 
regions were manually delineated using annotation tools and 
area measurements were extracted to calculate the relative 
proportions of each tissue component (Fig. 2). Additional 
regression‑associated features such as foamy macrophages, 
cholesterol clefts and hemosiderin deposition were evaluated. 
Adverse morphologic parameters, including STAS and pleural 
invasion, were recorded when present. Lymph nodes were also 
examined for residual metastatic tumor. All histopathologic 
evaluations were performed jointly by three pathologists. 
Cases were reviewed in a consensus‑based manner and any 
discrepancies in the assessment of histologic parameters 
were resolved through joint re‑evaluation and agreement. 
Although formal interobserver variability was not quantified, 
a standardized evaluation approach based on IASLC recom‑
mendations was applied to ensure consistency  (5). Digital 
quantification using QuPath was applied to obtain objective 
measurements of tumor, stromal and necrotic components. 
Although manual annotation was required for region selection, 

Figure 2. Representative histologic image demonstrating manual annotation of viable tumor (red), stromal component (blue) and necrotic areas (yellow) using 
QuPath software for quantitative assessment (scale bar, 500 µm).
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the use of a standardized digital analysis platform helped 
reduce observer‑dependent variability.

Criteria for pathologic response. Pathologic response was 
assessed in accordance with established neoadjuvant therapy 
criteria (5,6) pCR represented the complete absence of viable 
tumor cells in the resected lung specimen and regional lymph 
nodes and mPR was defined by an RVT fraction of ≤10%, 
indicative of notable treatment effect. Specimens with >10% 
viable tumor were classified as non‑mPR, reflecting limited 
pathologic regression.

Statistical analysis. Statistical analyses and data visual‑
ization were performed using the Python programming 
language (Version 3.13.7; Python Software Foundation). 
The distribution characteristics of continuous variables were 
assessed using the Shapiro‑Wilk and Kolmogorov‑Smirnov 
test. For data that did not follow a normal distribution and 
for variables with limited sample size, descriptive statis‑
tics are reported as the median [interquartile range (IQR): 
25‑75th percentile], while categorical variables are presented 
as frequencies (n) and percentages (%). The nonparametric 
Mann‑Whitney U test was used to compare continuous 
variables between two independent groups. For categorical 
variables, Fisher's exact tests and χ2 tests were preferred due 
to the small sample size and low expected cell frequencies. 
Spearman's rank analysis was applied to examine correla‑
tion between variables. P<0.05 was considered to indicate a 
statistically significant difference for all analyses. Given that 
the dataset lacked exact dates of mortality and recurrence, 
survival analysis was conducted using a pseudo‑overall 

survival (pseudo‑OS) approach based on the time from diag‑
nosis to the last follow‑up date.

Results

Patient characteristics and clinicopathological data. A total 
of 30 patients diagnosed with resectable NSCLC who received 
neoadjuvant therapy were included in the present study. The 
median age was 65.0 years (IQR: 59.2‑68.5) and the majority 
of patients were male (93.3%). Patients were divided into two 
cohorts according to the treatment regimen administered. 
The CT cohort consisted of 22 patients (73.3%) who received 
platinum‑based CT, with 2 patients having also undergone 
radiotherapy. The CIT cohort consisted of 8 patients (26.7%) 
who received immunotherapy (PD‑1/PD‑L1 inhibitors) 
combined with CT.

No significant differences were observed between the two 
treatment groups with regard to age, sex, smoking burden, 
histologic subtype, clinical stage, baseline tumor size, PD‑L1 
expression level or mutational status (P>0.05). However, given 
the limited sample size, group comparability should be inter‑
preted with caution (Table I).

Tumor response and pathologic regression. When the 
primary endpoints of pathologic response were evaluated, 
a trend toward improved pathologic response was observed 
in the CIT cohort. The proportion of viable tumor cells 
in the resected specimens after treatment decreased to a 
median of 7.5% (IQR: 0.0‑55.0) in the CIT group, whereas 
it remained at 55.0% (IQR: 32.5‑67.5) in the CT group 
(P=0.156; Table II). Furthermore, mPR (≤10% viable tumor) 

Figure 3. Waterfall plot to visualize the depth of pathologic response for each patient. CT, chemotherapy; CIT, chemo‑immunotherapy.
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was achieved in 62.5% (5/8) of patients in the CIT cohort, 
compared with 22.7% (5/22) in the CT cohort. Statistical 
analysis showed that this difference approached significance 
(P=0.078; Table II). pCR (stage ypT0N0) was observed in 
37.5% (3/8) of patients in the CIT group and 13.6% (3/22) of 
those in the CT group.

The depth of pathologic response in each patient is visual‑
ized in the waterfall plot (Fig. 3). Notably, patients receiving 

chemo‑immunotherapy tended to cluster in the region associated 
with the greatest tumor regression, including pCR and mPR.

Tumor microenvironment and histologic changes. 
Histopathologic alterations occurring within the tumor bed 
in treatment-responsive patients, including fibrosis, inflamma‑
tion, necrosis and stromal reactions, were analyzed (Table II). 
The total stromal component (fibrosis + inflammation) 

Table I. Clinical and pathological characteristics of patients according to treatment regimen.

Variable	 Overall (n=30)	 CIT (n=8)	 CT (n=22)	 P‑value

Age, median years (IQR)	 65.0 (59.2‑68.5)	 65.0 (55.5‑71.5)	 65.0 (62.2‑67.0)	 0.906
Sex (%)				    0.064
  Male	 28 (93.3)	 6 (75.0)	 22 (100.0)	
  Female	 2 (6.7)	 2 (25.0)	 0 (0.0)	
Smoking history, median pack‑years (IQR)	 47.5 (22.5‑60.0)	 45.0 (11.2‑65.0)	 47.5 (30.0‑60.0)	 0.706
Histology, n (%)				    0.215
  Adenocarcinoma 	 15 (50.0)	 6 (75.0)	 9 (40.9)	
  Squamous cell carcinoma	 15 (50.0)	 2 (25.0)	 13 (59.1)	
Indication for neoadjuvant therapy, n (%)				    0.369
  Nodal involvement 	 16 (53.3)	 6 (75.0)	 10 (45.5)	
  T4 disease/other	 14 (46.7)	 2 (25.0)	 12 (54.5)	
Clinical stage, n (%)				    0.789
  IB‑IIB	 4 (13.3)	 1 (12.5)	 3 (13.6)	
  IIIA	 16 (53.3)	 5 (62.5)	 11 (50.0)	
  IIIB‑IVA	 10 (33.3)	 2 (25.0)	 8 (36.4)	
Baseline tumor size, median cm (IQR)	 5.7 (4.8‑7.0)	 5.3 (4.9‑5.8)	 5.9 (4.6‑7.1)	 0.439
PD‑L1 expression, n (%)				    0.340
  Negative (<1%)	 18 (60.0)	 4 (50.0)	 14 (63.6)	
  Positive (≥1%)	 12 (40.0)	 4 (50.0)	 8 (36.4)	
Mutation status, n (%)				    0.284
  Wild type (negative)	 26 (86.7)	 6 (75.0)	 20 (90.9)	
  Mutant	 4 (13.3)	 2 (25.0)	 2 (9.1)	

CIT, chemo‑immunotherapy; CT, chemotherapy; IQR, interquartile range; PD‑L1, programmed death‑ligand 1.

Table II. Post‑treatment pathological findings and tumor microenvironment.

Morphologic feature	 Overall (n=30)	 CIT (n=8)	 CT (n=22)	 P‑value

Postoperative tumor size, median cm (IQR)	 2.8 (0.8‑4.3)	 1.6 (0.0‑3.4)	 2.9 (1.6‑4.5)	 0.268
Viable tumor, median % (IQR)	 50.0 (10.0‑67.5)	 7.5 (0.0‑55.0)	 55.0 (32.5‑67.5)	 0.156
Tumor fibrosis, median % (IQR)	 20.0 (12.5‑30.0)	 27.5 (20.0‑42.5)	 20.0 (10.0‑30.0)	 0.178
Tumor inflammation, median % (IQR)	 15.0 (6.2‑33.8)	 32.5 (12.5‑40.0)	 10.0 (6.2‑27.5)	 0.274
Median tumor necrosis, % (IQR)	 10.0 (5.0‑20.0)	 5.0 (4.5‑21.2)	 10.0 (5.0‑18.8)	 0.794
Total stroma, median % (IQR)	 40.0 (20.5‑68.8)	 67.5 (39.2‑91.2)	 32.5 (20.0‑57.5)	 0.121
TIL pattern (lymphocytic), n (%)	 12 (40.0)	 5 (62.5)	 7 (31.8)	 0.210
pCR, n (%)	 6 (20.0)	 3 (37.5)	 3 (13.6)	 0.300
mPR, n (%)	 10 (33.3)	 5 (62.5)	 5 (22.7)	 0.078

CIT, chemo‑immunotherapy; CT, chemotherapy; IQR, interquartile range; TIL, tumor‑infiltrating lymphocyte; pCR, pathologic complete 
response; mPR, major pathologic response.

https://www.spandidos-publications.com/10.3892/ol.2026.15667
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exhibited a median of 67.5% in the CIT group and 32.5% in 
the CT group. This suggested that immunotherapy not only 
promoted tumor regression but may have also promoted 

immune‑mediated stromal remodeling within the tumor bed 
(Fig. 4A‑E). Tumor‑associated inflammation was found to 
be higher in the CIT cohort (median 32.5%) compared with 

Figure 4. Major pathological response in the tumor bed. (A) Dense fibrosis and chronic inflammatory infiltrates (magnification x4). (B) Cholesterol clefts 
within the regressed tumor bed (H&E staining; original magnification x10). (C) Foreign body‑type giant cell reaction (H&E staining; original magnification 
x4). (D) Prominent histiocytic accumulation (H&E staining; original magnification x4). (E) Microcalcifications within the fibrotic stroma (H&E staining; 
original magnification x4).

Figure 5. Distribution of viable tumor percentage, necrosis, and stromal components in the chemotherapy and chemo‑immunotherapy groups after neoadjuvant 
treatment. The central line indicates the median, the box represents the interquartile range, and whiskers denote the minimum and maximum values. Outliers 
are indicated by black diamond symbol.



ONCOLOGY LETTERS  32:  312,  2026 7

the CT cohort (10.0%). In addition, when TIL patterns were 
evaluated, a lymphocytic‑dominant pattern was observed more 
frequently in the CIT group (62.5%) compared with the CT 
group (31.8%; Table II). Necrosis rates appeared to be similar 
between the two groups, indicating that necrosis did not serve 
as a distinguishing parameter of treatment response (P=0.794; 
Table II). These morphological changes are illustrated in the 
boxplot (Fig. 5), in which the viable tumor box lies markedly 
closer to the baseline in the CIT group, whereas the stromal 
component is shifted upward.

PD‑L1‑associated parameters. Correlation analysis revealed no 
significant associations between PD‑L1 expression score and 
viable tumor percentage (rs=‑0.17), necrosis (rs=‑0.15), or fibrosis 
(rs=‑0.06; P>0.05). A significant inverse correlation was observed 
between viable tumor percentage and fibrosis (rs=‑0.52; P<0.01; 
Table III). The association between PD‑L1 expression and the 
pattern of TILs (histiocytic vs. lymphocytic) was borderline 
significant (χ²=5.92; P=0.052; Table III). Lymphocytic immune 
response was more pronounced in PD‑L1‑positive cases.

Treatment, clinical factors and response association. Results 
indicated that mPR was 62.5% in patients who received CIT, 
whereas it was 22.7% in the CT group (P=0.078; Table IV). 
The rate of pCR was found to be 37.5% in the CIT group and 
13.6% in the CT group (P=0.300; Table II). Tumor shrinkage 
was found to be significantly greater in patients who achieved 
a pathologic response (pCR and mPR) compared with 
nonresponders (P<0.001 for both pCR and mPR; Table IV). 
No statistically significant association was found between 
pathologic response (pCR or mPR) and baseline clinical stage 
(P>0.05) or smoking burden (P>0.05).

Association between pathologic response (mPR and pCR) 
and tumor tissue characteristics/Histopathologic features of 
the tumor bed, including viable tumor, necrosis and fibrosis, 
were compared between responders (mPR/pCR) and nonre‑
sponders using the Mann‑Whitney U test.

Both mPR and pCR responders exhibited significantly 
lower viable tumor percentages compared with nonresponders 
(P<0.001; Table V). Fibrosis, a strong indicator of treatment 
response, was found to be significantly higher in the mPR 
group (median: 40%) compared with the nonresponders 
(median: 20%; P<0.001; Table V). Similarly, fibrosis was 
significantly elevated in the pCR group (P=0.009; Table V), 
while tumor necrosis did not differ significantly between mPR 

and non‑mPR groups or pCR and non‑pCR groups (P=0.448 
and P>0.99, respectively; Table  V). STAS positivity was 
significantly lower in patients with mPR, indicating an inverse 
association (P<0.001). Despite pleural invasion being absent in 
patients with pCR, this finding was not statistically significant 
and therefore only reflected a trend (P>0.05; Table V).

PD‑L1 and immune response. Comparisons between 
PD‑L1‑negative and PD‑L1‑positive groups revealed no 
significant differences in viable tumor percentage (P=0.305), 
necrosis (P=0.606) or fibrosis (P=0.761), and no significant 
association with achievement of mPR (P=0.693; Table VI). 
However, a lymphocytic TIL pattern was observed significantly 
more frequently in PD‑L1‑positive patients compared with 
PD‑L1‑negative patients (66.7% vs. 22.2%; P=0.040; Table VI).

Survival analysis. Given that the dataset lacked precise dates 
of mortality and recurrence, survival analysis was performed 
using a pseudo‑OS approach, defined as the interval between 
diagnosis and the most recent follow‑up. Within this frame‑
work, mPR was found to be associated with improved survival 
in the log‑rank analysis (P=0.036). Increasing clinical stage 
was associated with higher mortality risk in the Cox regres‑
sion model (HR=2.62; P=0.033). Higher tumor inflammation 
levels were also associated with improved survival (log‑rank 
P=0.043), whereas tumor fibrosis and necrosis were not 
significantly associated with survival outcomes (P>0.05; data 
not shown).

Discussion

Neoadjuvant therapy is increasingly being used across numerous 
solid tumor types with the aim of reducing tumor burden and 
improving surgical resectability (6,10‑12). This approach has 
been well established in malignancies such as breast, gastric and 
rectal cancer. The application of neoadjuvant therapy in NSCLC 
has gained increasing attention  (2,3,13). One of the major 
challenges in NSCLC is that a marked proportion of patients 
may not proceed to surgical resection following neoadjuvant 
treatment because of disease progression or loss of operability. 
Consequently, the development of more effective neoadjuvant 
treatment strategies remains a necessity in this setting.

In this context, immunotherapy has emerged as a prom‑
ising addition to conventional treatment approaches. As in 
other tumor types, accurate evaluation of post‑treatment speci‑
mens is key, as characterization of the tumor bed provides 
important prognostic information. Histopathologic assessment 
serves a central role in this process. Therefore, understanding 
the histomorphological effects of CIT, beyond conventional 
CT‑induced changes, is central to improving response assess‑
ment and guiding clinical decision‑making in NSCLC.

In the present study, detailed assessment of pathologic 
response in resected NSCLC specimens following neoad‑
juvant therapy suggested that CIT may be associated with 
a more pronounced pattern of tumor regression compared 
with CT alone. Although these findings did not reach statis‑
tical significance, the lower proportion of RVT and the 
higher rates of mPR and pCR observed in the CIT group 
suggested a potential biological advantage of incorporating 
immunotherapy into neoadjuvant treatment. These findings 

Table III. Spearman correlation analysis between PD‑L1 
expression and histopathologic variables.

		  Viable
Variable	 PD‑L1	 tumor	 Necrosis	 Fibrosis

PD‑L1 score	 1.00			 
Viable tumor (%)	‑ 0.17	 1.00		
Necrosis (%)	‑ 0.15	‑ 0.09	 1.00	
Fibrosis (%)	‑ 0.06	‑ 0.52a	 0.08	 1.00

aP<0.01. PD‑L1, programmed cell death‑ligand 1.

https://www.spandidos-publications.com/10.3892/ol.2026.15667
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should be interpreted as hypothesis‑generating and are 
consistent with the explanatory framework provided by the 
IASLC recommendations, which emphasize standardized 
assessment of tumor bed composition and viable tumor 
quantification (5).

The regression patterns observed in the present cohort, 
including increased fibrosis and lymphocytic infiltration, 
broadly align with the immune‑mediated changes described in 
the irPRC proposed by Cottrell et al (6). While these features 
are more frequently observed in immunotherapy‑treated 
tumors, they should be interpreted within the context of treat‑
ment‑related stromal remodeling. Increased TIL density may 
reflect a metabolically permissive tumor microenvironment, 
as tumor‑derived factors (such as lactate) have been shown to 
suppress T cell function (9).

CheckMate 816 reported higher rates of mPR and pCR 
with the addition of immunotherapy to CT, supporting the 
potential contribution of immune activation to tumor regres‑
sion  (13). Similarly, the LCMC3 trial demonstrated that 
single‑agent immunotherapy can induce measurable patho‑
logic responses in early‑stage NSCLC (14). However, given 
the limited sample size and lack of statistical significance in 
the present cohort, these observations should be interpreted 
cautiously.

Assessment of pathologic response in NSCLC resec‑
tion specimens after neoadjuvant therapy presents notable 
challenges, particularly in distinguishing viable tumor 
from therapy‑induced stromal changes and in accurately 
defining the boundaries of the tumor bed. The patholo‑
gist serves a critical role in the accurate assessment of 

Table IV. Associations between clinical and treatment characteristics and mPR.

Variable	 mPR present (n=10)	 mPR absent (n=20)	 P‑value

Treatment regimen, n (%)			   0.078
  CIT	 5 (62.5)	 3 (37.5)	
  CT	 5 (22.7)	 17 (77.3)	
Clinical stage, n (%)			   0.449
  I‑II	 1 (10.0)	 3 (15.0)	
  III‑IV	 9 (90.0)	 17 (85.0)	
Smoking history, median pack‑years (IQR)	 57.5 (36‑84)	 43.5 (19‑60)	 0.508
Tumor size, median % (IQR)	‑ 100.0 (‑100 to ‑91)	‑ 30.3 (‑49 to ‑13)	 <0.001

CIT, chemo‑immunotherapy; CT, chemotherapy; mPR, major pathologic response; IQR, interquartile range.

Table V. Comparison of tumor tissue characteristics according to pathologic response status.

Variable	 mPR present	 mPR absent	 P‑value	 pCR present	 pCR absent	 P‑value

Viable tumor, median % (IQR)	 0.0 (0.0‑5.0)	 60.0 (50.0‑70.0)	 <0.001	 0.0 (0.0‑0.0)	 60.0 (40.0‑70.0)	 <0.001
Tumor fibrosis, median % (IQR)	 40.0 (30.0‑53.0)	 20.0 (10.0‑28.0)	 <0.001	 37.5 (31.0‑55.0)	 20.0 (10.0‑30.0)	 0.009
Tumor necrosis, median % (IQR)	 10.0 (5.0‑14.0)	 7.5 (5.0‑23.0)	 0.448	 7.5 (4.0‑24.0)	 10.0 (5.0‑20.0)	 0.990
STAS positivity (%)	 20.0	 70.0	 0.012	 0.0	 66.7	 <0.001
Pleural invasion (%)	 0.0	 30.0	 0.061	 0.0	 25.0	 0.191

mPR, major pathologic response; pCR, pathologic complete response; IQR, interquartile range; STAS, spread through air spaces.

Table VI. Comparison of histopathologic and clinical characteristics according to PD‑L1 status.

Variable	 PD‑L1 negative (n=18)	 PD‑L1 positive (n=12)	 Test	 P‑value

Viable tumor, median (%)	 55.0	 40.0	 Mann‑Whitney U	 0.305
Tumor necrosis, median (%)	 10.0	 5.0	 Mann‑Whitney U	 0.606
Tumor fibrosis, median (%)	 20.0	 20.0	 Mann‑Whitney U	 0.761
mPR present, n (%)	 5 (27.8)	 5 (41.7)	 χ2	 0.693
TIL pattern (lymphocytic), n (%)	 4 (22.2)	 8 (66.7)	 χ2	 0.040

mPR, major pathologic response; PD‑L1, programmed cell death‑ligand 1; TIL, tumor‑infiltrating lymphocytes.
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treatment response following neoadjuvant therapy, particu‑
larly through standardized evaluation and appropriate 
interpretation of post‑treatment histologic changes  (15). 
Weissferdt  et  al further demonstrated that appropriate 
sampling strategies, tumor bed mapping and recognition 
of immune‑mediated regression features are central to 
accurate interpretation (16).

The differences observed between CIT and CT in the 
present study, namely greater fibrosis, a more pronounced 
inflammatory response, predominant lymphocytic TIL 
patterns and reduced STAS positivity, are broadly consistent 
with findings reported in the literature (17).

In a cohort study including 358 patients, Pataer et al (21) 
demonstrated that fibrosis is a reliable indicator of tumor 
response following neoadjuvant therapy (consistent with the 
present findings), whereas necrosis did not show a significant 
association with treatment response and lacks specificity as a 
marker of therapy‑induced tumor regression. These patterns 
may reflect the combined effects of direct tumor cell death 
and immune‑mediated remodeling of the tumor microenvi‑
ronment. STAS has been recognized as an adverse prognostic 
factor associated with increased recurrence risk and aggres‑
sive tumor behavior in lung cancer (22). The reduced STAS 
positivity observed in mPR cases in the present study may 
reflect more effective elimination of invasive tumor compo‑
nents following neoadjuvant therapy. Assessment of STAS in 
post‑neoadjuvant specimens may be challenging due to treat‑
ment‑related architectural distortion and potential artifacts, 
which should be considered when interpreting its presence or 
absence.

Increased lymphocytic infiltration and stromal activation 
may represent an active immune response induced by immuno‑
therapy. However, certain features should be interpreted with 
caution. Although increased fibrosis is frequently observed in 
responding tumors, it may partly reflect treatment‑related tissue 
replacement rather than an independent predictive biomarker. 
Similarly, the assessment of STAS following neoadjuvant 
therapy may be influenced by treatment‑induced architectural 
distortion and sampling variability. Therefore, these findings 
should be considered within the context of treatment effects 
and interpreted as descriptive rather than definitive indicators 
of tumor biology.

In the present study, nodal regression could not be 
adequately assessed, as there is currently no standardized 
method for the evaluation of post‑neoadjuvant lymph node 
changes. In addition, lymph node assessment is challenging due 
to the frequent absence of distinct fibrotic regression patterns, 
with nodes often reverting to a near‑normal appearance, and 
the presence of anthracosis and histiocytic aggregates that 
may further obscure treatment‑related changes. Previous 
studies have shown that pathologic responses of the primary 
tumor and lymph nodes may frequently differ in NSCLC 
following neoadjuvant CIT (23,24). Joint evaluation of both 
primary tumor and nodal responses is important in accurate 
prognostic stratification and the lack of comprehensive 
assessment of nodal regression represents one of the limita‑
tions of the present study (25). The association between TIL 
enrichment and pathologic response in the present cohort 
also aligns with biomarker‑focused studies such as that of 
Rojas et al (26).

In the present study, pathologic evaluation was performed 
jointly by three pathologists. In a study addressing the subjec‑
tivity of mPR assessment in NSCLC after neoadjuvant therapy, 
interobserver agreement among pathologists was found to be 
high; in addition, the ≤10% viable tumor threshold was shown 
to be a reliable criterion for predicting survival. Therefore, 
standardized assessment is of marked importance in clinical 
research and patient management (27).

It should be noted that certain associations observed in 
the present study may be partly influenced by the definitions 
of response criteria. For example, the lower viable tumor 
percentage in mPR cases is inherent to the definition of mPR 
rather than an independent biological finding. In addition, 
given the relatively small sample size and the number of 
subgroup analyses performed, a number of the observed asso‑
ciations should be interpreted as exploratory. Future studies 
with larger cohorts and validation analyses are thus required 
to further determine these findings.

Due to the absence of precise data regarding recurrence 
and mortality, survival outcomes in the present study were 
assessed using a pseudo‑OS metric, which does exhibit 
inherent limitations. Within this exploratory framework, 
mPR appeared to be associated with improved survival, 
consistent with previous studies reporting an association 
between RVT and clinical outcomes  (7,16,21). Similarly, 
increased tumor‑associated inflammation exhibited a trend 
toward improved survival. Meta‑analytic data have suggested 
that CIT may improve survival outcomes and increase pCR 
rates in NSCLC (28). However, these observations should be 
interpreted cautiously, as pseudo‑OS may be influenced by 
follow‑up duration, censoring patterns and treatment‑asso‑
ciated factors, such as differences in neoadjuvant regimens, 
variability in treatment response and the use of adjuvant 
therapy. Therefore, these findings should be considered 
hypothesis‑generating rather than definitive evidence of 
prognostic importance. Previous studies have suggested that 
the degree of histologic tumor regression after neoadjuvant 
therapy in NSCLC may serve as a potential biomarker for 
predicting patient survival (7,21,29).

In routine practice, assessment of pathologic response 
provides an early indication of treatment effectiveness and 
may help guide clinical decision‑making. In the context of 
neoadjuvant or perioperative CIT, standardized pathologic 
evaluation remains particularly important for both patient 
management and research (30).

In the present study, a higher degree of tumor inflamma‑
tion and increased TIL density were observed following CIT. 
However, a number of studies have reported that, although 
immunotherapy is associated with greater lymphocytic infil‑
tration and more prominent immune response features within 
the tumor microenvironment, the overall patterns of patho‑
logical regression, including fibrosis, necrosis and residual 
viable tumor distribution, largely overlap with those seen after 
CT (6,17,26,30). The degree of pathologic response, particu‑
larly mPR and pCR, is a strong predictor of survival in patients 
treated with both immunotherapy and CT (31). These findings 
further suggest an important role for the tumor microenviron‑
ment in shaping treatment response.

Despite this, the applicability of a uniform ≤10% viable tumor 
threshold across all histologic subtypes has been questioned. 
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Qu et al (32) demonstrated that the optimal cut‑off for RVT 
differs markedly between adenocarcinoma and squamous cell 
carcinoma when these tumor types are evaluated separately and 
that a higher threshold is required for prognostic stratification 
in adenocarcinomas; however, in the present study, adeno‑
carcinoma and squamous cell carcinoma were not analyzed 
separately and were instead evaluated categorically under the 
umbrella of NSCLC. In this context, although the ≤10% cut‑off 
was applied in accordance with guidelines (5), it is conceivable 
that histology‑specific cut‑off values may be adopted in future 
studies. This further supports the need for subtype‑specific 
interpretation of pathologic response in NSCLC.

Despite the promising efficacy of immunotherapy, a 
notable proportion of patients with NSCLC develop either 
primary or acquired resistance to treatment. As highlighted 
by Wang et al (33), immunotherapy resistance is a multifac‑
torial process involving tumor‑intrinsic genetic alterations, 
dysregulation of immune checkpoint pathways and the estab‑
lishment of an immunosuppressive tumor microenvironment. 
These mechanisms may impair effective T‑cell activation, 
reduce immune cell infiltration and ultimately limit treatment 
response. In this context, the tumor microenvironment emerges 
as a key determinant of therapeutic efficacy, aligning with the 
present findings demonstrating associations between inflam‑
matory response and treatment‑associated changes. Notably, 
the development of resistance underscores the need for alter‑
native and combinatorial treatment strategies, including the 
integration of targeted therapies, anti‑angiogenic agents and 
novel immunomodulatory approaches. This is particularly 
relevant to the present findings, in which variations in inflam‑
matory response and TIL density may reflect underlying 
differences in tumor immune competence and potential resis‑
tance mechanisms. These observations may have implications 
for treatment stratification and response assessment in the 
neoadjuvant setting, particularly in distinguishing effective 
immune‑mediated responses from residual disease.

Emerging therapeutic strategies, including macro‑
phage‑mediated nanomedicine delivery systems and 
nano‑assisted radiotherapy approaches, further highlight the 
active role of the tumor microenvironment in modulating 
therapeutic response in lung cancer (34,35).

An additional consideration is the potential confounding 
effect of radiotherapy, as a subset of patients in the CT cohort 
also received radiotherapy. Radiotherapy is known to influence 
tumor morphology by increasing necrosis, promoting fibrosis 
and altering stromal composition, which may complicate 
the distinction between viable tumor and treatment‑related 
changes and thereby affect histopathological assess‑
ment (29,36). However, only a limited number of patients (n=2) 
received combined chemoradiotherapy in the present cohort. 
Upon evaluation of these cases, both demonstrated minimal 
pathologic response, suggesting that radiotherapy is unlikely 
to have contributed markedly to the regression patterns 
observed in the present cohort. Although radiotherapy may 
induce prominent histopathologic alterations such as fibrosis 
and tissue remodeling, these changes do not necessarily reflect 
a strong therapeutic response and may complicate the distinc‑
tion between viable tumor and treatment effect, as previously 
reported in radiotherapy‑treated NSCLC resection speci‑
mens (36). This factor should be considered when interpreting 

the results. Given that only a small number of patients received 
radiotherapy, subgroup analysis was not feasible (36).

Pathologic complete response is considered an important 
parameter in the assessment of patient prognosis; however, it is 
not always sufficient as a standalone indicator. As highlighted 
by Huynh et al (37), long‑term survival is influenced not only 
by the extent of tumor eradication but also by tumor biology, 
treatment modality and characteristics of the tumor microen‑
vironment such as TIL density, patterns of immune response, 
and stromal composition including fibrosis and inflammatory 
cell infiltration. Therefore, even in cases without pathologic 
complete response, prognostic evaluation should not rely solely 
on the presence of residual tumor but should also incorporate a 
comprehensive assessment of the tumor microenvironment and 
immune response. This perspective is consistent with the present 
findings, in which variations in inflammatory response and TIL 
density were associated with treatment‑associated changes.

Recent advances in artificial intelligence (AI)‑assisted 
pathology have further emphasized the value of objective 
response assessment. In the LCMC3 study, Dacic et al (38) 
demonstrated that AI‑powered quantification of pathologic 
response in NSCLC treated with neoadjuvant atezolizumab 
provides reproducible and scalable evaluation of tumor regres‑
sion. These findings support the integration of digital pathology 
tools, such as QuPath, into routine practice to enhance the 
accuracy and consistency of post‑treatment assessment.

Collectively, the present findings suggest that CIT may 
be associated with a more pronounced pattern of pathologic 
response compared with CT alone. These observations are 
consistent with the growing body of evidence supporting the 
role of neoadjuvant immunotherapy in resectable NSCLC and 
thus emphasize the importance of standardized pathologic 
response assessment in both clinical practice and research 
settings (4,13,14). These findings also highlight the evolving 
role of the tumor microenvironment as a key determinant of 
treatment response.

The present study is limited by its relatively small sample 
size and single‑center, retrospective design, which may 
introduce selection bias and restrict generalizability. The 
limited number of cases reflects the restricted availability of 
resected specimens following neoadjuvant therapy in routine 
clinical practice, as not all patients proceed to surgery after 
systemic treatment. In addition, treatment heterogeneity 
across patients may have influenced the observed patterns of 
pathologic response and the absence of precise recurrence 
and mortality data limited the ability to conduct conventional 
survival analyses. In addition, the use of pseudo‑OS may have 
introduced bias related to variability in follow‑up duration 
and censoring patterns and the limited number of survival 
events further restricts the strength and interpretability of 
survival‑associated findings. Furthermore, the inclusion of a 
small number of patients who received radiotherapy in addi‑
tion to CT may have influenced histopathologic features such 
as necrosis, fibrosis and stromal remodeling. Although evalua‑
tion of these cases demonstrated minimal pathologic response, 
the potential confounding effect of radiotherapy cannot be 
entirely excluded and should be interpreted with caution.

Additional limitations may have included the lack of 
formal interobserver agreement analysis. Although all 
cases were evaluated jointly by three pathologists using a 
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consensus‑based approach, some variability in the assess‑
ment of histologic parameters such as fibrosis, inflammation 
and viable tumor cannot be entirely excluded. Furthermore, 
the absence of blinding to treatment groups may have intro‑
duced potential bias. Lastly, given that manual annotation was 
required for region selection, a degree of observer‑dependent 
variability remains unavoidable, despite digital image analysis 
using QuPath having provided a more objective and reproduc‑
ible framework for quantifying tumor, stromal and necrotic 
components.

In conclusion, neoadjuvant CIT may be associated with 
deeper pathologic regression compared with CT alone, charac‑
terized by increased fibrosis and enhanced immune activation, 
including higher TIL density and reduced STAS positivity. In 
addition, mPR may serve as a potential prognostic indicator. 
Overall, integration of IASLC and irPRC criteria, together 
with tumor microenvironment assessment, may improve the 
evaluation of treatment response in resectable NSCLC.
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