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Abstract- Background: Although histopathological examination 

remains the gold standard for diagnosing lung adenocarcinoma, 

invasive tissue biopsy is not always feasible in elderly or 

medically frail patients. This report describes the diagnostic and 

therapeutic utility of serial sputum cytology integrated with 

ancillary biomarker testing in pulmonary adenocarcinoma. 

Case Presentation: A 63-year-old never-smoker woman 

presented with productive cough and intermittent hemoptysis. 

Because transthoracic lung biopsy was contraindicated owing to 

her clinical condition, serial sputum cytology was performed. The 

initial examination was reported as suspicious for non-small cell 

lung carcinoma. After chest computed tomography revealed a 

malignant mass in the left upper lobe, repeat sputum cytology 

established the diagnosis of pulmonary adenocarcinoma. The 

sputum specimen was subsequently processed into a cell block for 

PD-L1 immunocytochemistry, demonstrating positive PD-L1 

expression despite suboptimal tumor cellularity, while molecular 

analysis identified an EGFR mutation. ALK and ROS1 analyses 

were negative. Targeted therapy was initiated, resulting in a 

favorable clinical response with approximately 50% reduction in 

tumor size on follow-up imaging. 

Conclusion: This case demonstrates that serial sputum cytology, 

integrated with clinicoradiological correlation and ancillary 

biomarker testing, may provide a comprehensive minimally 

invasive diagnostic approach for selected patients with pulmonary 

adenocarcinoma who are unsuitable for tissue biopsy. Beyond 

establishing the diagnosis, sputum-derived specimens may also 

contribute to biomarker assessment and personalized therapeutic 

decision-making. 

Index Terms-: Sputum cytology; Pulmonary adenocarcinoma; 

Cell block; Precision oncology. 

 

I. INTRODUCTION 

ung cancer remains the leading cause of cancer-related 

mortality worldwide, with non-small cell lung cancer 

(NSCLC) accounting for approximately 85% of all cases. Among 

NSCLC subtypes, pulmonary adenocarcinoma has become the 

most prevalent histological type, with a steadily increasing 

incidence over the past decades, including among elderly patients, 

women, and never-smokers. Early and accurate diagnosis is 

essential because advances in targeted therapy and 

immunotherapy have substantially improved clinical outcomes 

when appropriate pathological confirmation can be obtained.1 

Histopathological examination of tissue obtained through 

transthoracic needle biopsy, transbronchial biopsy, or surgical 

resection remains the gold standard for establishing the diagnosis 

of pulmonary adenocarcinoma. These procedures not only provide 

definitive morphological diagnosis but also allow molecular 

testing for biomarkers such as EGFR, ALK, and PD-L1, which are 

increasingly important in therapeutic decision-making. However, 

invasive biopsy procedures are not always feasible, particularly in 

frail elderly patients with poor performance status, severe 

cardiopulmonary compromise, bleeding risk, or lesions located in 

anatomically challenging areas. In such situations, clinicians must 

rely on alternative diagnostic approaches while balancing 

diagnostic accuracy against procedural risk.2-4 

Sputum cytology is one of the oldest non-invasive diagnostic 

methods for lung cancer and remains attractive because of its 

simplicity, low cost, and minimal risk to patients. The technique 

relies on the identification of exfoliated malignant cells within 

spontaneously expectorated or induced sputum specimens. 

Although the overall diagnostic sensitivity of sputum cytology has 

generally been reported to be approximately 50–70%, its 

performance varies considerably according to tumor location and 

histological subtype. Centrally located squamous cell carcinomas 

demonstrate the highest detection rates, whereas pulmonary 

L 

http://ijsrp.org/
https://dx.doi.org/10.29322/IJSRP.16.07.2026.p17520


International Journal of Scientific and Research Publications, Volume 16, Issue 7, July 2026              233 

ISSN 2250-3153   

  This publication is licensed under Creative Commons Attribution CC BY. 

10.29322/IJSRP.16.07.2026.p17520    www.ijsrp.org 

adenocarcinomas, which commonly arise in the peripheral lung 

parenchyma, are associated with substantially lower sensitivity 

because malignant cells exfoliate less readily into the airways.5-8 

Despite these limitations, sputum cytology continues to have 

important clinical value in carefully selected patients. Positive 

cytological findings may establish malignancy even when 

bronchoscopic biopsy is negative or when invasive tissue 

sampling cannot be safely performed. Furthermore, recent 

advances in liquid-based cytology, molecular biomarkers, 

microRNA profiling, and genomic analysis have expanded the 

diagnostic potential of sputum specimens, suggesting that sputum 

cytology may continue to play a complementary role in modern 

lung cancer diagnosis rather than becoming an obsolete 

technique.9-12 

Reports describing the diagnosis of pulmonary 

adenocarcinoma based primarily on sputum cytology in patients 

who are unsuitable for transthoracic lung biopsy remain relatively 

uncommon. Such cases illustrate the continued relevance of 

conventional cytopathology in resource-limited settings and in 

patients with significant procedural contraindications. We present 

a case of pulmonary adenocarcinoma diagnosed by sputum 

cytology in a frail elderly patient who was not considered a 

suitable candidate for transthoracic lung biopsy, followed by a 

brief review of the current literature regarding the diagnostic 

utility, advantages, and limitations of sputum cytology in 

contemporary clinical practice. 

II. CASE PRESENTATION 

A 63-year-old woman, a lifelong never-smoker and housewife 

with no known occupational exposure, presented with a 

productive cough associated with thick sputum containing 

intermittent streaks of blood. She also reported a family history of 

lung cancer. 

The patient initially underwent sputum cytological 

examination as a non-invasive diagnostic investigation because 

tissue biopsy was considered unsuitable owing to her advanced 

age and overall clinical condition. A fresh sputum specimen was 

collected in a sterile container without fixative and processed 

immediately after arrival at the pathology laboratory. 

Conventional smears were prepared and stained with Diff-Quik 

and Papanicolaou stains. 

The initial sputum cytology demonstrated atypical epithelial 

cells suspicious for malignancy. However, in the absence of 

radiological correlation, the findings were conservatively 

interpreted as "Suspicious for malignancy (Suspicious for non-

small cell lung carcinoma)", and further clinicoradiological 

evaluation was recommended. 

Subsequent chest computed tomography revealed a malignant 

mass located in the apicoposterior segment of the left upper lobe. 

In view of these imaging findings, a repeat sputum cytology 

examination was performed. The second specimen demonstrated 

more definitive cytomorphological features of malignancy, and in 

conjunction with the radiological findings, was diagnosed as 

malignant smear, consistent with non-small cell lung carcinoma, 

favoring adenocarcinoma. 

Considering the patient's clinical status, transthoracic lung 

biopsy was not pursued because the anticipated procedural risks 

outweighed the potential diagnostic benefit. Consequently, the 

diagnosis and subsequent clinical management relied primarily on 

sputum cytology interpreted in conjunction with radiological 

findings. 

Following the cytological diagnosis of pulmonary 

adenocarcinoma, ancillary biomarker testing was performed to 

guide therapeutic decision-making. A cell block prepared from the 

sputum specimen was used for PD-L1 immunohistochemical 

evaluation, which demonstrated positive PD-L1 expression, 

although the tumor cellularity was below the recommended 

threshold for optimal assessment. Nevertheless, the staining 

pattern was considered interpretable and clinically meaningful. 

Molecular analysis of the sputum specimen further identified an 

EGFR mutation (specify exon once confirmed; e.g., exon 19 

deletion if applicable). In contrast, ALK and ROS1 analyses 

performed using peripheral blood samples were negative. 

Based on the integrated clinicopathological, radiological, and 

molecular findings, the patient received targeted systemic therapy. 

The patient demonstrated an early and favorable response to 

treatment. Follow-up radiological evaluation showed an 

approximately 50% reduction in tumor size compared with the 

initial CT examination, supporting a good therapeutic response to 

targeted therapy. 

III. CYTOLOGY FINDINGS 

Cytological evaluation was performed on two sputum 

specimens collected on separate occasions. Conventional smears 

stained with Diff-Quik and Papanicolaou were highly cellular. 

Numerous cohesive clusters of atypical epithelial cells were 

identified, showing marked nuclear crowding and overlapping. 

Several cell clusters formed sheet-like arrangements with focal 

acinar architecture, while scattered atypical epithelial cells were 

also present throughout the smears (Figure 1 and 2). 

 
Figure 1. Sputum cytology demonstrating numerous cohesive clusters of 

atypical epithelial cells with marked nuclear crowding and overlapping. 

Focal sheet-like and acinar arrangements are identified, with scattered 

atypical epithelial cells in the background. (Papanicolaou stains; 100x 

magnification). 
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Figure 2. Sputum cytology showing cohesive clusters of malignant 

epithelial cells with prominent nuclear crowding and overlapping, 

displaying focal glandular/acinar architecture and features of glandular 

differentiation. (Papanicolaou stains; 100x magnification). 

 

The atypical epithelial cells demonstrated mild to moderate 

nuclear pleomorphism with variable nuclear size and occasional 

nuclear molding. The nuclei exhibited irregular and focally 

thickened nuclear membranes. The chromatin was predominantly 

vesicular, accompanied by small to conspicuous nucleoli. The 

cytoplasm ranged from scant to moderate and appeared 

eosinophilic. Occasional cells demonstrated intranuclear 

cytoplasmic inclusions (Figure 3). 

 
Figure 3. Atypical epithelial cells exhibiting mild to moderate nuclear 

pleomorphism, irregular and focally thickened nuclear membranes, 

vesicular chromatin, and conspicuous nucleoli. (Papanicolaou stains; 

400x magnification) 
 

Benign squamous epithelial cells with bland nuclear features 

were present in the background. The smears also contained 

abundant extracellular mucin, necrotic debris, numerous 

lymphocytes, and alveolar macrophages (Figure 4). 

 
Figure 4. Sputum cytology showing benign squamous epithelial cells with 

bland nuclear features in a background containing abundant extracellular 

mucin, necrotic debris, numerous lymphocytes, and alveolar 

macrophages. (Diff-Quik staining; 400x magnification). 

 

The initial sputum specimen was interpreted conservatively 

as suspicious for malignancy (suspicious for non-small cell lung 

carcinoma) because clinicoradiological correlation was 

unavailable at the time of evaluation. Following the identification 

of a malignant mass in the apicoposterior segment of the left upper 

lobe on chest computed tomography and re-evaluation of a second 

sputum specimen demonstrating similar but more convincing 

cytomorphological features, the diagnosis was revised to 

malignant smear, consistent with non-small cell lung carcinoma, 

adenocarcinoma. 

The diagnosis of adenocarcinoma was supported by the 

presence of cohesive atypical epithelial clusters with focal acinar 

formation, extracellular mucin, vesicular nuclei with conspicuous 

nucleoli, and intranuclear cytoplasmic inclusions, in conjunction 

with the compatible radiological findings. 

IV. DISCUSSION 

Although sputum cytology represents one of the earliest non-

invasive methods for diagnosing lung cancer, its role in 

contemporary clinical practice has markedly declined with the 

widespread availability of bronchoscopy, transthoracic needle 

aspiration (TTNA), endobronchial ultrasound-guided biopsy 

(EBUS), and image-guided core needle biopsy. These techniques 

provide superior diagnostic accuracy, allow histopathological 

classification according to current WHO criteria, and yield 

sufficient tissue for molecular profiling, including assessment of 

EGFR, ALK, and PD-L1, which are indispensable for precision 

oncology.6,8,10,13 Consequently, current diagnostic algorithms 

generally prioritize tissue acquisition whenever feasible. In 

contrast, sputum cytology is often regarded as an adjunctive or 

alternative investigation because its diagnostic performance 

depends on adequate spontaneous exfoliation of tumor cells into 

the airway, specimen quality, and the expertise of the 

cytopathologist. Several studies have reported an overall 

sensitivity ranging from approximately 50% to 70%, with 

considerably higher specificity, indicating that while a positive 

result is highly supportive of malignancy, a negative examination 

cannot reliably exclude lung cancer.7,8,13,14 These inherent 

limitations have substantially reduced the routine use of sputum 
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cytology, particularly in tertiary centers where advanced 

bronchoscopic and image-guided procedures are readily available. 

The diagnostic performance of sputum cytology is further 

influenced by tumor location and histological subtype. Squamous 

cell carcinoma, which typically arises in the central bronchi and 

readily exfoliates malignant cells into the sputum, consistently 

demonstrates higher detection rates than pulmonary 

adenocarcinoma. In contrast, adenocarcinoma frequently 

originates in the peripheral lung parenchyma, resulting in fewer 

exfoliated tumor cells reaching the central airways and 

consequently lower cytological sensitivity. Reported sensitivities 

for sputum cytology in adenocarcinoma are substantially lower 

than those observed in squamous cell carcinoma, emphasizing the 

diagnostic challenge posed by peripheral gland-forming     

tumors.5-8,12,15 Additional factors contributing to false-negative 

results include inadequate specimen collection, poor cellular 

preservation, air-drying artifacts, low tumor cellularity, obscuring 

inflammatory or necrotic material, and considerable interobserver 

variability in cytological interpretation.5,6,11 Nevertheless, despite 

these recognized shortcomings, sputum cytology remains 

clinically valuable in carefully selected situations, particularly in 

frail elderly patients, individuals with poor pulmonary reserve, 

significant comorbidities, or patients who are not suitable 

candidates for invasive diagnostic procedures. In such 

circumstances, meticulous cytomorphological evaluation 

integrated with clinical and radiological findings may still provide 

sufficient evidence to establish a clinically meaningful diagnosis 

while avoiding procedure-related morbidity. 

 The present case exemplifies a clinical situation in which 

sputum cytology retained considerable diagnostic value despite its 

recognized limitations. Our patient was a 63-year-old never-

smoker woman who was considered unsuitable for transthoracic 

lung biopsy because of her overall clinical condition. In such 

circumstances, obtaining pathological confirmation while 

minimizing procedural risk became a major clinical consideration. 

Rather than pursuing an invasive procedure with potentially 

limited benefit, sputum cytology offered a safe, inexpensive, and 

readily repeatable alternative. Importantly, the first sputum 

examination was cautiously interpreted as suspicious for 

malignancy because radiological information was unavailable at 

that time. Following chest CT demonstrating a malignant mass in 

the apicoposterior segment of the left upper lobe, repeat sputum 

cytology revealed concordant cytomorphological findings, 

allowing a more confident diagnosis of pulmonary 

adenocarcinoma. This diagnostic course highlights the importance 

of multidisciplinary integration and illustrates that sputum 

cytology should be interpreted in conjunction with clinical and 

radiological findings rather than as an isolated diagnostic test. 

The cytomorphological findings in the present case closely 

corresponded to the characteristic features of pulmonary 

adenocarcinoma described in previous reports. Typical cytological 

findings include cohesive epithelial clusters with glandular or 

acinar architecture, nuclear crowding and overlapping, 

pleomorphic nuclei with irregular nuclear membranes, vesicular 

chromatin, prominent nucleoli, and mucin production, although 

the degree of atypia varies according to tumor differentiation and 

specimen quality.5,8,16-18 In our case, the presence of cohesive 

atypical epithelial clusters exhibiting focal acinar formation, 

variable nuclear pleomorphism, irregular nuclear membranes, 

vesicular chromatin, conspicuous nucleoli, abundant extracellular 

mucin, and occasional intranuclear cytoplasmic inclusions 

strongly supported glandular differentiation. Although none of 

these features alone is pathognomonic, their combined presence 

together with the compatible radiological findings substantially 

increased the diagnostic confidence for pulmonary 

adenocarcinoma despite the absence of histopathological 

confirmation. 

Beyond the cytomorphological diagnosis, the present case also 

highlights another important advantage of sputum cytology in 

contemporary lung cancer management. Recent advances in 

cytopathology have considerably expanded the role of cytological 

specimens beyond conventional morphological assessment. With 

appropriate specimen processing, cytological samples may 

provide sufficient material for ancillary investigations, including 

molecular testing and immunocytochemical evaluation of 

predictive biomarkers. Consequently, sputum cytology has 

evolved from a purely diagnostic modality into a potential 

platform for precision oncology, particularly in patients for whom 

tissue biopsy is not feasible. Previous studies have demonstrated 

the feasibility of performing EGFR mutation analysis and PD-L1 

assessment using cytological specimens, provided that adequate 

tumor cells are available for analysis.2,19-23 

In the present case, the diagnostic value of sputum cytology 

extended well beyond establishing pulmonary adenocarcinoma. 

The sputum specimen was subsequently processed into a cell 

block for PD-L1 immunocytochemistry, while the cytological 

specimen also served as the source for EGFR mutation analysis. 

Although the cell block contained fewer tumor cells than generally 

recommended for optimal PD-L1 evaluation, the available viable 

tumor cells demonstrated unequivocal positive staining, allowing 

the result to be interpreted as PD-L1 positive in conjunction with 

the overall cytomorphological and clinical findings. This 

experience illustrates that, in carefully selected cases, even 

cytological specimens with limited cellularity may still provide 

clinically meaningful predictive biomarker information when 

interpreted cautiously and within the context of their inherent 

limitations.20-23 

Taken together, this case emphasizes that sputum cytology 

should not be regarded as an obsolete diagnostic technique but 

rather as a complementary minimally invasive approach with well-

defined clinical indications. In patients who are elderly, medically 

frail, or unsuitable for invasive tissue biopsy, serial sputum 

cytology integrated with clinicoradiological correlation can 

provide sufficient diagnostic confidence to establish pulmonary 

adenocarcinoma. Furthermore, when appropriately processed, 

sputum specimens may also support ancillary biomarker testing, 

thereby contributing directly to therapeutic decision-making. 

Although histopathological examination remains the diagnostic 

gold standard, maximizing the diagnostic and predictive yield of 

minimally invasive cytological specimens represents a practical 

and patient-centered strategy in selected cases of advanced lung 

cancer. 

V. CONCLUSION 

Pulmonary adenocarcinoma remains diagnostically 

challenging in patients who are unsuitable for invasive tissue 

biopsy, particularly because sputum cytology is generally 

considered less sensitive for peripheral lung tumors. This case 
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demonstrates that serial sputum cytology, when interpreted in 

conjunction with clinicoradiological findings, can provide 

sufficient diagnostic confidence to establish pulmonary 

adenocarcinoma in carefully selected patients. Furthermore, the 

successful use of sputum-derived cell block for PD-L1 

immunocytochemical assessment and the utilization of the 

cytological specimen for EGFR mutation analysis underscore the 

evolving role of sputum cytology beyond conventional 

morphological diagnosis. Although histopathological examination 

remains the diagnostic gold standard, maximizing the diagnostic 

and predictive potential of minimally invasive cytological 

specimens may offer a practical and patient-centered alternative 

when tissue acquisition is not feasible. This case highlights the 

continuing relevance of sputum cytology as an integral component 

of multidisciplinary lung cancer diagnosis and precision oncology. 
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