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Abstract. Lung cancer is among the lethal and most prevalent 
oncological diseases globally. It is known that two types of 
mutations, namely anaplastic lymphoma kinase (ALK) gene 
rearrangement and epidermal growth factor receptor (EGFR) 
gene mutation, are responsible for the development of lung 
adenocarcinoma. The present study aimed to investigate the 
differences in the frequency of clinical, cytomorphological and 
histomorphological features of ALK and EGFR‑positive lung 
adenocarcinomas. The present retrospective study comprised 
101 patients diagnosed with lung adenocarcinoma. Based on 
the molecular findings, the patients were categorized into 
three groups as follows: The ALK‑rearranged group (n=28), 
the EGFR group (n=42) and the negative group (n=31). The 
clinical features analyzed included sex, age, smoking status 
and disease stage. The cytomorphological and histomor‑
phological features examined encompassed the following: 
Cell cluster size, the arrangement of tumor cells, the size of 
nuclei, nuclear atypia, the visibility of nucleoli, the presence of 
necrosis, intracytoplasmic vacuoles, signet ring cells, stromal 
characteristics and the presence of inflammatory infiltrate 
presence. The results indicated that the female sex was more 
prevalent in the EGFR group, but statistically significant differ‑
ences (P<0.05) were observed between the EGFR and negative 
group. A significantly greater percentage of non‑smokers was 
identified in the EGFR group compared with the ALK group 

(P<0.01). The majority of patients with confirmed ALK or 
EGFR mutations received onco‑specific treatment. Focal and 
abundant necrosis was significantly less common in cyto‑
logical samples in the EGFR group than in the other groups 
(21.43 vs. 57.14 and 51.61%, combined, P<0.01). No significant 
differences were observed in other cytomorphological features 
between the groups. Intracytoplasmic vacuoles, signet ring 
cells and cells with visible nucleoli were significantly more 
frequent in histological specimens of the ALK group (P<0.01). 
The predictive model composed of these features or combined 
with sex and smoking habits exhibited statistically signifi‑
cant differences for mutation status as a criterion (P<0.01). 
Collectively, the findings of the present study confirmed that, 
in addition to clinical characteristics, certain cytological and 
histological features of lung adenocarcinoma are associated 
with the mutational status of the tumor.

Introduction

Lung cancer ranks among the most lethal and most preva‑
lent oncological diseases worldwide. According to the latest 
‘GLOBOCAN 2022’ review of global cancer statistics, 
it stands as the second most commonly diagnosed type of 
cancer, trailing only breast cancer. In 2022 alone, almost 
2.5  million new cases of lung cancer were diagnosed. 
Notably, lung cancer holds the grim distinction of being 
the primary cause of mortality among patients afflicted by 
malignant diseases, claiming the lives of 1.8 million indi‑
viduals in 2022. Typically, it manifests in individuals aged 
≥70, emerging as the leading cause of oncological fatalities 
among those aged ≥40 (1,2).

The success of lung cancer treatment is dependent upon 
various factors, including the clinical characteristics of 
patients, the tumor histological type, the outcomes of predic‑
tive biomarker testing, and effective communications between 
pathologists, radiologists and oncologists. Over the past 
decade, substantial strides have been made in therapeutic 
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development, mainly through identifying and utilizing 
predictive biomarkers (3).

Invasive non‑mucinous adenocarcinoma is the most 
common type of lung cancer. It comprises malignant epithelial 
cells whose morphology or immunohistochemical phenotype 
suggest glandular differentiation, and thus it does not meet the 
criteria for any other type of adenocarcinoma (4).

Anaplastic lymphoma kinase (ALK) rearrangement 
encompasses a group of gene mutations encoding the trans‑
membrane receptor tyrosine kinase, belonging to the insulin 
receptor protein superfamily. To date, >20 rearrangement 
partners of the ALK gene have been identified, with the most 
prevalent occurring in non‑small cell lung cancer (NSCLC): 
an intra‑chromosomal inversion of the short arm of chromo‑
some 2, resulting in the fusion of the 2p21 gene locus of the 
echinoderm microtubule‑associated protein‑like protein 4 
(EML4) gene and 2p23 ALK genes (5). Among the genomic 
alterations observed in NSCLC, the ALK rearrangement is 
a targetable alteration for therapy, providing a therapeutic 
response that extends patient survival  (6,7). While the 
histological type of the majority of lung cancers with ALK 
rearrangement is adenocarcinoma, the studies available to date 
exploring the detailed histomorphological and cytomorpho‑
logical characteristics of these samples are limited and have 
yielded contradictory results (8‑12).

Epidermal growth factor receptor (EGFR) belongs to the 
family of tyrosine kinase protein receptors whose mutation 
leads to the uncontrolled proliferation of malignant cells, their 
invasion, metastatic spread, the inhibition of apoptosis, as well 
as tumor angiogenesis, it plays a leading role in tumor carci‑
nogenesis and progression. These somatic mutations mainly 
target exons 18‑21 of the gene encoding part of the tyrosine 
kinase domain of EGFR. Among the most well‑known and 
frequently occurring mutations are deletions in exon 19 and 
substitutions in exon 21, particularly the L858R substitution, 
which collectively account for 80‑90% of all EGFR mutations 
in NSCLC (13). According to certain studies, the histopatho‑
logical subtype of adenocarcinoma predicts prognosis and 
mutational status (14‑16).

The scarcity of available data in the literature regarding 
the association between the microscopic morphology of 
adenocarcinoma and the status of biomarkers available in 
Serbia underscores the necessity for research in this area. 
Furthermore, the present study aimed to provide valuable 
insight into the morphology of primary lung adenocarcinomas, 
which may aid in the typing of NSCLC, particularly in cases 
where only cytological smears are available.

Materials and methods

Study design. The present retrospective study analyzed 
histological and cytological material from the internal tissue 
bank obtained from patients diagnosed with lung adeno‑
carcinoma between 1st January 2016 and 31st December 
2023 at the Institute for Pulmonary Diseases of Vojvodina 
(Sremska Kamenica, Serbia). The study with research meth‑
odology including the use of the external controls for the 
analysis, was approved by the Institutional Professional and 
Ethics Committee of the Institute for Pulmonary Diseases of 
Vojvodina (approval nos. 25‑VIII/10 and 24‑VII/10). A total 

of 101 patients were included in the study (mean age, 63.48 
and 32 to 84 years old, respectively. The sex distribution 
of the patients was nearly balanced, with a slight predomi‑
nance of males (52.48 vs. 47.52%). Patients were divided into 
the ALK, EGFR and negative groups. The clinical features 
analyzed included sex, age, smoking status and disease 
stage. The data were collected from the patients' medical 
records.

Molecular analyses. A representative paraffin block was 
selected for the immunohistochemical analysis of ALK rear‑
rangement based on the hematoxylin and eosin (H&E)‑stained 
section. The block was subsequently cut into histological 
sections that were 4‑µm‑thick. Appendices removed during 
appendectomies were used as external control tissue 
(Fig. S1). Paraffin samples were melted onto the slides over‑
night at 53˚C. The following day, the slides were labeled and 
placed in the Benchmark, Ventana Roche machine using an 
anti‑ALK antibody (Rabbit Monoclonal D5F3; ready‑to‑use; 
Roche Tissue Diagnostics; cat. no. 790‑4794/06679072001) 
and operated according to the manufacturer’s protocol. The 
antibody for the analysis was incubated for 16 minutes at a 
temperature of 36˚C. 

In all patients included in the study, the qualitative detection 
and identification of mutations in exons 18, 19, 20 and 21 of the 
EGFR gene were determined using the real‑time PCR Cobas 
EGFR Mutation Test v2 (cat. no. P/N 07248563190) after DNA 
isolation with the Cobas DNA Sample Preparation kit. The 
entire process of amplification, detection, and validation of the 
samples was conducted using the Cobas 4800 software on the 
Cobas z 480 analyzer following the manufacturer's protocol 
(Roche Diagnostics).

All samples for ALK and EGFR testing were selected 
based on the number of viable tumor cells. The degree of 
differentiation and the Ki67 proliferative index were not 
considered in the selection of test samples and, therefore, did 
not influence the study's results.

Sampling and processing of material. All histological 
material was obtained through bronchoscopic methods, 
including bronchial biopsy, transbronchial biopsy and 
catheter biopsy. Tissues were fixed in 10% neutral formalin 
for 12‑18 h (room temperature), dehydrated in increasing 
ethanol concentrations (70, 80, 96 and 100%), embedded 
in paraffin, and cut into 4‑µm thick sections using a rotary 
microtome (Leica Microsystems GmbH). All sections 
were stained with H&E (Bio‑Optica). After rehydration, 
the sections were stained with hematoxylin for 1 min. The 
slides were then rinsed in running tap water, followed by 
differentiation in an acid‑alcohol solution to remove excess 
stain. In the next step, the sections were counterstained with 
eosin for 1.5 min. The slides were briefly rinsed in water to 
remove excess eosin and then rehydrated through a graded 
series of alcohols.

Material for cytopathological analysis was collected via 
thoracentesis, percutaneous lymph node fine needle aspira‑
tion and bronchoscopic methods, including transbronchial 
fine needle aspiration, brush biopsy and catheter biopsy. 
Conventional cytological smears were prepared and stained 
using the May‑Grunwald‑Giemsa method. The entire 
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histological and cytological material was evaluated using a 
light microscope (Leica, DM2500).

Cytomorphological features. Cytomorphological features 
encompass qualitative characteristics of cellular arrangements 
observed on cytology smears. The following parameters were 
analyzed: Size of cell clusters, the size of nuclei, nuclear 
atypia, visibility of nucleoli, the presence of intracytoplasmic 
vacuoles, signet ring cells, and necrosis. The method of param‑
eter estimation is outlined in Table I.

Histomorphological features. The analyzed histomorpho‑
logical characteristics included cell arrangement, the presence 
of cribriform arrangement, the amount of stroma, nucleus size, 
degree of nuclear atypia, the visibility of nuclei, the presence 
of intracytoplasmic vacuoles, the presence of signet ring cells, 
the presence of inflammatory infiltrate and the presence of 
necrosis. The method of parameter estimation is detailed in 
Table II. In the present study, two experienced cytopatholo‑
gists and a pathology resident evaluated both types of sample 
cases. Disagreements in estimations were reanalyzed, after 
which a joint decision was made on the result.

The inflammatory infiltrate was classified into three 
categories. The infiltrate was considered poor when the tumor 
was infiltrated with scant inflammatory cells, typically <5% 

of the tumor area, with sparse lymphocytes and/or neutrophils 
scattered across the stroma with minimal clustering. It was 
considered moderate when inflammatory cells comprised 
5‑30% of the tumor area, with more noticeable clusters of 
lymphocytes, neutrophils and occasional plasma cells within 
the stroma and surrounding tumor cells. Abundant inflam‑
matory infiltrate was defined by dense and widespread 
inflammatory infiltrate, occupying >30% of the tumor area, 
with prominent clusters of lymphocytes, neutrophils and 
plasma cells throughout the stroma and within the tumor.

The presence of a partially preserved structure of tumor 
cells with remains of their outlines in a foci of necrotic tissue 
was considered a sign of tumor necrosis. Necrosis was assessed 
as moderate when the sample contained viable primary tumor 
cells with small foci of necrosis comprising <30% of the 
sample. Necrosis was classified as abundant when it occu‑
pied >30% of the sample or when the sample predominantly 
consisted of necrotic foci, with viable tumor cells present 
in only small amounts, complicating the interpretation. The 
presence of necrotic masses of unrecognizable cells mixed 
with purulent exudate is considered necrosis of inflamma‑
tory/infectious etiology, and such cases are not categorized as 
tumor necrosis (10,17‑20).

The size of the nuclei is expressed as the size of the lympho‑
cyte. Nuclear atypia was scored as moderate or severe nuclear 

Table II. The method of estimation for histomorphological features.

Histomorphological features	 	 Categories

Predominant arrangement	 Lepidic	 Papillary/acinar	 Solid/micropapillary
Cribriform pattern	 No	 Yes	
Stroma	 Poor	 Moderate	 Abundant
Size of nucleia	 <3X lymphocyte	 3‑5X lymphocyte	 <5X lymphocyte
Nuclear atypia	 Moderate	 Severe	
Nucleoli visibility	 Visible	 Not visible	
Intra‑cytoplasmic vacuoles	 No	 Yes	
Signet ring cells	 No	 Yes	
Inflammatory infiltrate	 Poor	 Moderate	 Abundant
Necrosis	 Absent	 Moderate	 Abundant

aNuclear size was estimated according to size of lymphocytes.

Table I. The method of estimation for cytomorphological features.

Cytomorphological features	 Categories

Size of clusters	 ≤200 µm	 >200 µm, ≤400 µm	 >400 µm
Size of nucleia	 <3X lymphocyte	 3‑5xlymphocyte	 <5X lymphocyte
Nuclear atypia	 Moderate	 Severe	
Nucleolar visibility	 Visible	 Not visible	
Intra‑cytoplasmic vacuoles	 <20%	 ≥20%	
Signet ring cells	 <5%	 ≥5%	
Necrosis	 Absent	 Moderate	 Abundant

aNuclear size was estimated according to size of lymphocytes.

https://www.spandidos-publications.com/10.3892/ol.2024.14786
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atypia. The specimen was categorized as moderate nuclear 
atypia when nuclei were uniform in size and shape, with mild 
irregularity of the nuclear membrane and homogenous or fine 
granular chromatin pattern. The specimen was categorized as 
severe nuclear atypia in cases with varied sizes of nuclei with 
bizarre shapes and coarse chromatin patterns.

Statistical analysis. Statistical analysis was performed 
using JASP 0.18.3.0 software (https://jasp‑stats.org/). The 
difference in the frequency of cyto‑ and histomorphological 
features relative to the type of mutation was assessed using the 
Chi‑squared test or Fisher's exact test, depending on the condi‑
tions met for each analysis. The same statistical method was 
also used to examine tumor morphology relative to the other 
clinical parameters. Cyto‑ and histomorphological features 
were analyzed as predictors using binary logistic regres‑
sion, with the mutation status as the criterion. The analysis 
was performed using the default settings in JASP, applying a 
logit link function. Predictor variables were entered using the 
forced entry method. Tolerance values >0.2 and variance infla‑
tion factor (VIF) values <5 were used as criteria to confirm the 
absence of multicollinearity. Model validation was conducted 
through cross‑validation using the k‑Nearest Neighbors test. 
Predictor significance was evaluated using Wald's chi‑square 
tests, and odds ratios (ORs) were calculated with corresponding 
95% confidence intervals (CIs). The results are presented 
tabularly and graphically, with P<0.05 considered to indicate a 
statistically significant difference.

Results

Clinical characteristics. The clinical characteristics of the 
patients are summarized in Table III. Sex distribution in the 
ALK group was uniform, while the EGFR group had a higher 
proportion of female patients (57.14 vs. 42.86%). In the nega‑
tive group, male patients comprised almost 70% of the cohort. 
Statistically significant differences in sex distribution were 
observed between the EGFR and negative groups (χ2=4.439; 
P<0.05; data not shown). By contrast, no significant differences 
were noted between the EGFR and ALK group (χ2=0.345; 
P>0.05; data not shown) or between ALK and negative group 
(χ2=1.919; P>0.05; data not shown). The mean age of the patients 
was 64 years, with no statistically significant differences in 
age observed between the groups. Notably, smoking habits 
differed significantly between the groups: The patients in the 
EGFR group were significantly more likely to be non‑smokers 
compared with those in the negative and ALK groups (P<0.001 
and P<0.05, respectively). Furthermore, non‑smokers and 
ex‑smokers were significantly more prevalent in the ALK group 
than in the negative group (χ2=6.679; P<0.05). Conversely, 
patients in the ALK group were significantly more likely to 
be smokers compared with those in the EGFR group. There 
was an approximately equal distribution between the two 
most common EGFR mutations. The majority of patients had 
stage IV of the disease. As regards treatment, the majority of 
patients with confirmed ALK or EGFR mutations received 
onco‑specific treatment. In the group of ALK‑positive patients, 
82.14% received onco‑specific therapy, with alectinib being the 
most commonly administered, accounting for 80% of these 
cases. In the EGFR‑positive group, 80.96% of patients received 

onco‑specific therapy, with afatinib and gefitinib being the most 
frequently used drugs. At the time of diagnosis, osimertinib 
was either unavailable in Serbia or accessible only through 
clinical trials. Consequently, only 4.76% of patients received 
osimertinib as a first‑line treatment, while an additional 9.52% 
(4 patients) received it as a second‑line treatment following the 
detection of T790M mutation resistance upon retesting. In the 
negative group, 61.29% of patients received chemotherapy with 
or without radiotherapy, while 22.58% received palliative care.

Cytomorphological features. The present study examined the 
differences in the frequency of cytomorphological features of 
lung adenocarcinoma between the groups (Table IV). There 
were no statistically significant differences in the frequency of 
different sizes of cell clusters, size of the nuclei, nuclear atypia 
and visibility of nuclei between the groups. Although intracy‑
toplasmic vacuoles and signet ring cells were more frequently 
present in the ALK group, this difference was not statistically 
significant (P>0.05). The only statistically significant differ‑
ence between the groups was observed regarding necrosis. 
Necrosis was significantly prevalent in the ALK and negative 
group samples than in the EGFR group (P<0.05; Fig. 1).

Histomorphological features. The histomorphological features 
of patients are presented in Table V. Statistically significant 
differences in the tissue arrangement of adenocarcinoma among 
the groups were observed (P<0.01). In the ALK group, no 
samples exhibited lepidic or micropapillary arrangements. By 
contrast, these arrangements were present in 16.67 and 9.51% 
of the EGFR group, respectively, and in 9.68 and 3.12% of the 
negative group, respectively. Conversely, papillary arrangement 
was detected in 21.43% of the ALK‑positive adenocarcinomas, 
while no such arrangement was observed in the EGFR and 
negative groups.

Visible nucleoli, the presence of intracytoplasmic vacuoles, 
and the presence of signet ring cells (Fig. 2) were statistically 
significantly more frequently observed features in the ALK 
group (P<0.01; Figs. 3‑5).

No statistically significant differences were found 
regarding the amount of inflammatory infiltrate, stroma and 
cribriform cell arrangement between the groups. Additionally, 
the groups exhibited no statistically significant differences in 
nuclear size and a degree of nuclear atypia.

A binary logistic regression analysis was conducted to 
evaluate the association relationship and predictive accuracy of 
specific microscopic features (cell arrangement, nucleoli visi‑
bility, intracytoplasmic vacuoles, signet ring cells and necrosis in 
smears) in determining the mutational status of lung adenocar‑
cinoma (Tables VI and VII). When compared with the negative 
group, the collective influence of these variables as predictors 
of EGFR positivity was statistically significant (P=0.029), with 
pseudo‑R² values ranging from 0.171 to 0.280. Notably, focal 
necrosis in smears was associated with a 5.2‑fold reduction 
in the likelihood of EGFR positivity. The presence of signet 
ring cells led to a 96.5% decrease in the probability of EGFR 
positivity (P<0.05). Incorporating sex and smoking status into 
the model enhanced its predictive accuracy by 14%, increasing 
it from 72.60 to 86.30%. The corresponding confusion matrix 
is presented in Tables VIIIA and IXA. Cross‑validation of the 
model is provided in Tables SI‑SIII and Figs. S2 and S3.
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Similarly, the overall impact of the studied variables as 
predictors of ALK positivity, relative to the negative group, 
was statistically significant (P=0.024), with pseudo‑R² values 
ranging from 0.235 to 0.370. However, the individual predic‑
tors did not reach statistical significance. The classification 
model demonstrated an overall accuracy of 70%. When 
sex and smoking status were included, the precision of the 

model increased by 10%. The confusion matrix is displayed 
in Tables VIIIB and IXB. Cross‑validation of the model is 
provided in Tables SIV‑SVI and Figs. S4 and S5.

Furthermore, the present study assessed the predictive 
accuracy of the model between the ALK and EGFR groups. 
The combined effect of the variables as predictors was 
highly significant (P<0.001), with pseudo‑R² values ranging 

Table III. Patient's clinical characteristics.

Clinical characteristics	 ALK	 EGFR	 Negative	 Total	 Test value	 P‑value

Total	 28	 42	 31	 101		
Sex						    
  Male	 14 (50%)	 18 (42.86%)	 21 (67.74%)	 53 (52.48%)	 4.524	 0.104
  Female	 14 (50%)	 24 (57.14%)	 10 (32.26%)	 48 (47.52%)		
Age, years						    
  Mean ± SD	 62.39±10.74	 65.52±8.75	 61.68±7.28	 63.48±9.03	 F 1.930	 0.151
  Median	 63	 66	 62	 64		
  Minimum	 32	 46	 49	 32		
  Maximum	 83	 84	 79	 84		
Smoking history						    
  Non‑smokers	 6 (21.43%)	 21 (50%)	 2 (6.45%)	 29 (28.71%)	 30.105	 <0.001
  Ex‑smokers	 6 (21.43%)	 11 (26.19%)	 2 (6.45%)	 19 (18.81%)		
  Smokers	 16 (57.14%)	 10 (23.81%)	 27 (87.10%)	 53 (52.48%)		
Mutation type						    
  Exon 19	 N/A	 22 (52.38%)	 N/A	 N/A	 N/A	 N/A
  Exon 21	 N/A	 20 (47.62%)	 N/A	 N/A		
Stage						    
  IB	 0	 1 (2.38%)	 0	 1 (0.99%)	 27.635	 0.035
  IIA	 0	 1 (2.38%)	 1 (3.23%)	 2 (1,98%)		
  IIB	 1 (3.59%)	 1 (2.38%)	 1 (3.23%)	 3 (2.97%)		
  IIIA	 0	 3 (7.14%)	 1 (3.23%)	 4 (3.96%)		
  IIIB	 9 (32.14%)	 5 (11.91%)	 4 (12.90%)	 18 (17.82%)		
  IIIC	 0	 3 (7.15%)	 1 (3.23%)	 4 (3.96%)		
  IVA	 18 (64.29%)	 14 (33.33%)	 12 (38.70%)	 44 (43.56%)		
  IVB	 0	 14 (33.33%)	 11 (35.48%)	 25 (24.75%)		
Treatment	 Crizotinib	 Afatinib	 ChT ± RTb		  N/A	 N/A
	 3 (10.71%)	 16 (38.10%)	 19 (61.29%)
	 Alectinib	 Gefitinib	 Palliative care	
	 17 (60.72%)	 11 (26.19%)	 7 (22,58%)			 
	 Brigatinib	 Erlotinib	 Dieda

	 3 (10.71%)	 5 (11.90%)	 2 (6,45%)			 
	 Chemotherapy	 Osimertinib	 No data
	 1 (3.57%)	 2 (4.76%)	 3 (9,68%)			 
	 No data	 Palliative care
	 4 (14.29%)	 1 (2.38%)				  
		  Dieda

		  3 (7.14%)				  
		  No data
		  4 (9.52%)				  

aDied during first hospitalization before any specific treatment; bChT ± RT, chemotherapy with or without radiotherapy. ALK, anaplastic 
lymphoma kinase; EGFR, epidermal growth factor receptor.

https://www.spandidos-publications.com/10.3892/ol.2024.14786
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from 0.471 to 0.635. Focal necrosis in smears emerged as a 
significant predictor, reducing the likelihood of EGFR posi‑
tivity by 87.77%, while the presence of signet ring cells was 

associated with a 13.75‑fold increase in the probability of ALK 
positivity. The overall accuracy of the model was 84.29%. 
After incorporating sex and smoking status into the regression 
model, the accuracy for predicting ALK positivity decreased, 
whereas the accuracy for EGFR positivity increased, with 
the overall accuracy remaining unchanged. The classification 
performance metrics are detailed in Tables VIIIC and IXC. 
Cross‑validation of the model is provided in Tables SVII‑SIX 
and Figs. S6 and S7.

Discussion

World cancer statistics indicate a male predominance in the 
incidence and prevalence of lung cancer (1). In the present 
study, there was an equal representation of sex in the ALK 
group, while females predominated in the EGFR group. 
Studies on patients with ALK‑EML4 gene rearrangement 
have shown varying results regarding sex distribution (21‑24). 
However, consistent findings across multiple studies confirm 
that EGFR‑positive lung cancer is more common in female 
patients (23‑25). Nonetheless, exceptions, such as a study from 
Egypt, reported a higher representation of male patients (25). 
As regards the smoking habits, there is no consensus in 
patients with ALK‑EML4 gene rearrangement regarding the 

Figure 1. Necrosis in cytological smears in relation to mutation status of the 
tumor. Smears without necrosis was significantly more often presented in 
EGFR positive adenocarcinomas than in ALK and negative group. EGFR, 
epidermal growth factor receptor; ALK, anaplastic lymphoma kinase.

Table IV. Frequency of cytomorphological features of lung adenocarcinoma in smears in relation to mutation status.

Cytomorphological features	 ALK (%)	 EGFR (%)	 Negative (%)	 Test	 P‑value

Size of clusters					   
  ≤200 µm	 23 (82.14)	 35 (83.33)	 23 (74.20)	 Fisher's=3.202	 0.539
  >200 µm, ≤400 µm	 3 (10.72)	 6 (14.29)	 4 (12.90)		
  >400 µm	 2 (7.14)	 1 (2.38)	 4 (12.90)		
Size of nuclei					   
  <3 lymphocyte	 4 (14.29)	 6 (14.29)	 6 (19.35)	 χ2=2.821	 0.588
  3‑5 lymphocyte	 15 (53.57)	 16 (38.09)	 15 (48.39)		
  >5 lymphocyte	 9 (32.14)	 20 (47.62)	 10 (32.56)		
Nuclear atypia					   
  Moderate	 11 (39.29)	 18 (42.86)	 16 (53.33)	 χ2=1.289	 0.525
  Severe	 17 (60.71)	 24 (57.14)	 14 (46.67)		
Nucleoli visibility					   
  Visible	 23 (82.14)	 35 (83.33)	 25 (80.65)	 χ2=0.088	 0.957
  Not visible	 5 (17.86)	 7 (16.67)	 6 (19.35)		
Intracytoplasmic vacuoles					   
  <20%	 14 (50)	 27 (64.29)	 19 (61.29)	 χ2=1.487	 0.475
  ≥20%	 14 (50)	 15 (35.71)	 12 (38.71)		
Signet ring cells					   
  <5%	 24 (85.71)	 38 (90.48)	 29 (93.55)	 Fisher's=1.053	 0.641
  ≥5%	 4 (14.29)	 4 (9.52)	 2 (6.45)		
Necrosis					   
  Absent	 12 (42.86)	 33 (78.57)	 15 (48.39)	 Fisher's= 11.962	 0.015a

  Moderate	 12 (42.86)	 6 (14.29)	 10 (32.26)		
  Abundant	 4 (14.28)	 3 (7.14)	 6 (19.35)		

aP<0.05. ALK, anaplastic lymphoma kinase; EGFR, epidermal growth factor receptor.
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association with smoking (17‑20). The results of the present 
study align with some of the literature findings indicating 
that non‑smokers are more commonly associated with EGFR 
driver mutations (23‑26).

The results of the present study confirm that certain cyto‑
logical and histological features of lung adenocarcinoma are 
associated with the mutational status of the tumor. This asso‑
ciation can aid in selecting appropriate samples for testing and 
may serve as a valuable supplement to the numerous predictive 
models currently under development.

Signet ring cells are histologically and cytologically char‑
acteristic cells found in tumors of the gastrointestinal system, 
particularly in the stomach and colon, as well as in ovarian 
tumors. According to certain studies, tumors containing signet 
ring cells comprising 10% of the sample represent 7% of 
adenocarcinomas, while in all lung cancers, they account for 
~1.5% (27,28).

A previous study by Japanese authors revealed that specific 
cytomorphological characteristics, including a pink cytoplasm, 
vesicular cytoplasm, and smears with predominantly individually 

Table V. Frequency of histomorphological features of lung adenocarcinoma from tissue samples in relation to mutation status.

Histomorphological features	 ALK	 EGFR	 Negative	 Test	 P‑value

Arrangement					   
  Acinar	 17 (60.71%)	 26 (61.91%)	 21 (67,74%)	 Fisher's=19.952	 0.003b

  Lepidic	 0	 7 (16.67%)	 3 (9,68%)		
  Micropapillary	 0	 4 (9.51%)	 1 (3,23%)		
  Papillary	 6 (21.43%)	 0	 0		
  Solid	 5 (17.86%)	 5 (11.91%)	 6 (19,35%)		
Cribriform pattern					   
  Yes	 5 (17.86%)	 6 (14.29%)	 7 (22,58%)	 χ2=0.838	 0.688
  No	 23 (82.14%)	 36 (85.71%)	 24 (77,42%)		
Stroma					   
  Poor	 17 (60.71%)	 27 (64.29%)	 23 (74,19%)	 Fisher's=2.635	 0.624
  Moderate	 9 (32.14%)	 10 (23.81%)	 7 (22,58%)		
  Abundant	 2 (7.14)	 5 (11.90%)	 1 (3,23%)		
Size of nuclei					   
  <3X lymphocyte	 7 (25%)	 12 (28.57%)	 11 (35,48%)	 χ2=1.211	 0.876
  3‑5X lymphocyte	 13 (46.43%)	 21 (50%)	 13 (41,94%)		
  >5X lymphocyte	 8 (28.57%)	 9 (21.43%)	 7 (22,58%)		
Nuclear atypia					   
  Moderate	 9 (32.14%)	 15 (35.71%)	 16 (51,61%)	 χ2=2.786	 0.248
  Severe	 19 (67.86%)	 27 (64.29%)	 15 (48,39%)		
Nucleoli visibility					   
  Visible	 24 (85.71%)	 22 (52.38%)	 21 (67,74%)	 χ2=8.399	 0.015a

  Not visible	 4 (14.29%)	 20 (47.62%)	 10 (32,26%)		
Intra‑cytoplasmic vacuole					   
  <20%	 3 (10.71%)	 17 (40.48%)	 8 (25,81%)	 χ2=7.508	 0.023a

  ≥20%	 25 (89.29%)	 25 (59.52%)	 23 (74,19%)		
Signet ring cells					   
  <5%	 15 (53.57%)	 36 (85.71%)	 19 (61,29%)	 χ2=9.511	 0.008b

  ≥5%	 13 (46.43%)	 6 (14.29%)	 12 (38,71%)		
Inflammatory infiltrate					   
  Poor	 18 (64.29%)	 25 (59.52%)	 25 (80,65%)	 Fisher's=6.529	 0.123
  Moderate	 9 (32.14%)	 16 (38.10%)	 4 (12,90%)		
  Abundant	 1 (3.57%)	 1 (2.38%)	 2 (6,45%)		
Necrosis					   
  Absent	 26 (92.86%)	 42 (100%)	 27 (87,10%)	 Fisher's=6.465	 0.046a

  Moderate	 2 (7.14%)	 0	 2 (6,45%)		
  Abundant	 0	 0	 2 (6,45%)		

aP<0.05 and bP<0.01. ALK, anaplastic lymphoma kinase; EGFR, epidermal growth factor receptor.

https://www.spandidos-publications.com/10.3892/ol.2024.14786
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distributed cells, suggest ALK testing positivity. However, these 
features cannot replace testing. Nevertheless, in the absence 
of histological samples for immunohistochemical analysis, 

these parameters could aid in predicting ALK positivity (8). 
Nishino et al (10) demonstrated a statistically significant pres‑
ence of signet ring cells, micropapillary arrangement, and 
hepatoid cell appearance in ALK‑positive adenocarcinomas. 
They proposed a scoring system with a high sensitivity (88%) 
and negative predictive value (87%), but low specificity (45%) 
and positive predictive value (49%) (10). Incorporating useful 
cyto‑ and histomorphological parameters into predictive systems 
could develop a score with higher predictive values than those 
mentioned. In the present study, intracytoplasmic vacuoles and 
signet ring cells were statistically significantly more frequent in 
the ALK group compared with the EGFR and negative groups. 
Although no studies comparing EGFR and ALK groups were 
found, studies examining ALK vs. ALK‑negative groups iden‑
tified signet ring cells as a statistically significant parameter of 
ALK positivity (12). In the present study, the ALK group samples 
had a higher percentage of signet ring cells, although this differ‑
ence was not statistically significant. An important consideration 
in identifying signet ring cells is their mimics, such as vacuolar 
or fatty degeneration. However, the present study did not address 
this consideration, representing a limitation (28).

Figure 2. Presence of intra‑cytoplasmic vacuoles, visible nucleoli, severe 
degree of nuclear atypia with nuclear size of 3‑5X lymphocyte, with poor 
stroma, poor inflammatory infiltrate, solid cell arrangement (left or A) and 
signed ring cells (right or B, arrows) in anaplastic lymphoma kinase positive 
lung adenocarcinoma.

Figure 3. Frequency of visibility of nucleoli in relation to tumor mutation 
status. EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma 
kinase. 

Figure 4. Frequency of intra‑cytoplasmic vacuoles (20% of the cells cut 
off) in relation to tumor mutation status. EGFR, epidermal growth factor 
receptor; ALK, anaplastic lymphoma kinase.

Figure 5. Frequency of signet ring cells (5% of the cells cut off) in relation 
to tumor mutation status. EGFR, epidermal growth factor receptor; ALK, 
anaplastic lymphoma kinase.
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In addition to mucinous components, other markers were 
examined as predictors for ALK positivity. Psammoma bodies 

and a ‘Club cell‑like’ cytological pattern are statistically signif‑
icant markers (11). ‘Club cell‑like’ cells exhibit projections 

Table VI. Binary logistic regression model for mutation status of lung adenocarcinoma according to micromorphological features 
(cell arrangement, nucleoli visibility, intra‑cytoplasmic vacuoles, signet ring cells, and necrosis in smears).

Model (H1)	 df	 χ2	 P‑value	 McFaden	 Negelkerke	 Tjur	 Cox and Snell

EGFR vs. negative	 64	 17.0223	 0.029	 0.171	 0.280	 0.227	 0.227
ALK vs. negative	 49	 19.163	 0.024	 0.235	 0.370	 0.250	 0.277
EGFR vs. ALK	 60	 44.361	 <0.001	 0.471	 0.635	 0.515	 0.469

Table  VII. Binary logistic regression model for mutation status of lung adenocarcinoma according to micromorphological 
features (cell arrangement, nucleoli visibility, intra‑cytoplasmic vacuole, signet ring cells, and necrosis in smears), sex and 
smoking habits.

Model (H1)	 df	 χ2	 P‑value	 McFaden	 Negelkerke	 Tjur	 Cox and Snell

EGFR vs. negative	 24	 52.295	 <0.001	 0.525	 0.687	 0.580	 0.512
ALK vs. negative	 46	 29.849	 0.003	 0.366	 0.523	 0.416	 0.397
EGFR vs. ALK	 57	 49.719	 <0.001	 0.528	 0.687	 0.564	 0.509

ALK, anaplastic lymphoma kinase; EGFR, epidermal growth factor receptor.

Table  VIII. Confusion matrix of classification model for 
mutation status in lung adenocarcinoma according to micro‑
morphological features.

A, Predicted EGFR and Negative.

Observed	 EGFR	 Negative	 Accuracy (%)

EGFR	 31	 11	 73.81
Negative	 9	 22	 70.97
Accuracy			   72.60

B, Predicted ALK and Negative.

Observed	 ALK	 Negative	 Accuracy (%)

ALK	 18	 10	 64.29
Negative	 7	 24	 77.42
Accuracy			   71.19

C, Predicted EGFR and ALK.

Observed	 EGFR	 ALK	 Accuracy (%)

EGFR	 35	 7	 83.33
ALK	 4	 24	 85.71
Accuracy			   84.29

ALK, anaplastic lymphoma kinase; EGFR, epidermal growth factor 
receptor.

Table IX. Confusion matrix of classification model for mutation 
status in lung adenocarcinoma according to micromorphological 
features with sex and smoking habits of the patients.

A, Predicted EGFR and Negative.

Observed	 EGFR	 Negative	 Accuracy (%)

EGFR	 38	 4	 90.47
Negative	 6	 25	 80.65
Accuracy			   86.30

B, Predicted ALK and Negative.

Observed	 ALK	 Negative	 Accuracy (%)

ALK	 20	 8	 71.43
Negative	 3	 28	 90.32
Accuracy			   81.36

C, Predicted EGFR and ALK

Observed	 EGFR	 ALK	 Accuracy (%)

EGFR	 37	 5	 88.10
ALK	 6	 22	 78.57
Accuracy			   84.29

ALK, anaplastic lymphoma kinase; EGFR, epidermal growth factor 
receptor.

https://www.spandidos-publications.com/10.3892/ol.2024.14786
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of eosinophilic cytoplasm at the apical compartment lining 
the surface of papillary cell arrangements (29). In a previous 
study from Japan (8), the presence of this cytological pattern 
and papillary tumor growth were predictors of ALK‑positive 
tumors. The results of the present study revealed papillary 
growth in 21% of ALK‑positive tumors, while no such cases 
were found in the EGFR and negative groups.

Despite the significance of cytomorphological parameters 
in predicting mutations, data on precise parameters remain 
insufficient (14‑16). Blons et al (30) observed an association 
between the lepidic growth pattern of adenocarcinoma and 
EGFR status. Sharma et al (14) demonstrated a statistically 
significant presence of acini and single‑layer cell bands in 
EGFR‑positive vs. EGFR‑negative lung cancer samples. 
The present study analyzed histological samples dominated 
by acini formations; however, no statistically significant 
differences were found compared with the ALK and nega‑
tive groups. The aforementioned study also suggested an 
association of EGFR mutations with nuclear atypia and 
chromatin distribution, noting that mild nuclear atypia was 
more common in EGFR‑positive tumors  (14). However, 
in the present study, there were no statistically significant 
differences in nuclear atypia between groups, and severe 
nuclear atypia dominated within each group, contrary to the 
previous findings (14). The results from an American study 
revealed that an acinar growth arrangement was significantly 
more common in EGFR‑positive lung adenocarcinomas, with 
the absence of solid growth serving as a predictor for EGFR 
negativity, as all solid adenocarcinomas in their sample were 
EGFR‑negative  (15). Similarly, in the present study, solid 
growth arrangement was more common in the ALK and nega‑
tive groups, although the interpretation of this result should 
consider the patient‑to‑group ratio.

The prediction of molecular analysis positivity has been 
explored through various diagnostic modalities. Song et al (31) 
introduced a deep learning model based on computed tomog‑
raphy and clinicopathological data, successfully predicting 
ALK positivity with accuracy, sensitivity and specificity of 
76.65, 77.44 and 76.32%, respectively. By comparison, the 
regression model in the present study had an accuracy of 
71.19% with only microscopic features. The addition of sex 
and smoking habits increased the accuracy to 81.36%.

The present study has limitations which should be 
mentioned. The use of samples obtained by different bronchos‑
copy sampling techniques in one such limitation. This limitation 
was unavoidable due to the rarity of the ALK mutation in the 
population. However, potential differences in the frequency of 
cyto‑ and histomorphological characteristics was investigated 
among samples obtained through different sampling methods. 
No statistically significant differences were observed, indi‑
cating no connection between morphological characteristics 
and the sampling method. It is worth noting that other studies 
employing similar methodologies also encountered challenges 
with different sampling methods (8,10‑12).

Another limitation of the present study is the inability 
to validate the model using external data. Due to the rarity 
of the mutation, all ALK‑mutated adenocarcinomas at the 
authors' institution with adequate cytological and histological 
samples were included in the analysis, leaving no additional 
cases for external verification. However, this limitation is 

partially mitigated by performing cross‑validation using the 
k‑nearest neighbors test, the results of which are provided in 
Tables SI‑SIX.

In conclusion, the present study revealed differences in sex 
distribution and smoking habits between the groups, alongside 
statistically significant differences in specific morphological 
parameters. These findings suggest the potential inclusion of 
these parameters in future models for predicting the muta‑
tional status of NSCLC. Recognizing characteristic patterns in 
adenocarcinoma samples associated with specific mutational 
statuses can facilitate the triage of samples for appropriate 
molecular analyses. However, it is noteworthy that while 
morphological analyses provide valuable insights, they are not 
a substitute for molecular testing.
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