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(’ABSTRACT \

Introduction: Accurate and timely diagnosis of lung cancer is essential for appropriate
management. Fine-needle aspiration cytology (FNAC) is a minimally invasive diagnostic tool;
however, its diagnostic performance in differentiating non-small cell lung carcinoma (NSCLC)
from small cell lung carcinoma (SCLC) requires evaluation. This study aimed to assess the
diagnostic accuracy of FNAC compared with biopsy in lung cancer patients for benign-malignant
differentiation and carcinoma subtyping.

Method: This hospital-based cross-sectional study was conducted from September-2024 to
November-2025 at B.P. Koirala Memorial Cancer Hospital, Nepal. A total of 53 patients with
radiologically detected lung lesions underwent image-guided (USG: Ultrasonography or CT:
Computed Tomography), followed by histopathological biopsies. FNAC findings were compared
with biopsy results, which served as the reference standard. The clinico-demographic data were
collected. The statistical analysis was performed using STATA, and diagnostic performance metrics:
sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and overall
accuracy for FNAC in differentiating benign and malignant lesions, as well as SCLC and NSCLC.
The associations between FNAC and biopsy results were assessed using the Chi-square test.

Result: Out of 53 total cases, FNAC differentiated into 6 benign and 47 malignant cases, whereas
biopsy confirmed 10 as benign and 43 as malignant cases. FNAC demonstrated sensitivity of 100%,
specificity of 60%, PPV of 91%, NPV of 100%, and overall accuracy of 92% in differentiating benign
and malignant cases. The association was further assessed using chi square test (x* 23.4; p<0.01).
Similarly, in cancer sub-typing, FNAC showed 11 SCLC and 32 NSCLC, whereas biopsy confirmed
16 cases as SCLC and 27 as NSCLC. FNAC demonstrated sensitivity of 44%, specificity of 85%, PPV
of 64%, NPV of 72%, and overall accuracy of 70% in sub-typing SCLC and NSCLC. The association
was further assessed using chi square fest (x% 8.81; p=0.003).

Conclusion: Compared to biopsy, image-guided FNAC demonstrates high diagnostic accuracy in
differentiating the lung lesions info benign and malignant and can therefore be used as a first-line
diagnostic tool to facilitate early detection and management of lung malignancies. However, it is
less reliable in carcinoma subtyping into SCLC and NSCLC; thus, histopathological examination is
recommended for definitive subtyping.
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low complication rate compared with more invasive
procedures.  Several studies have  demonstrated

INTRODUCTION
Lung masses represent a significant clinical problem

and require prompt and accurate diagnosis to guide
appropriatfe management. With the increasing incidence
of Lung Cancer worldwide, early and reliable diagnostic
techniques are essential for improving patient outcomes.
Lung cancer remains one of the leading causes of cancer-
related mortality globally, and fimely pathological diagnosis
plays a crucial role in determining therapeutic strategies.!

Various diagnostic modalities are available for evaluating
lung lesions, including radiological imaging, bronchoscopy,
cytological techniques, and histopathological examination.
Among these, image-guided fine needle aspiration cytology
(FNAC) has gained wide acceptance as a minimally invasive
and cost-effective method for the evaluation of pulmonary
masses. When performed under computed fomography
(CT) or ultrasound guidance, FNAC allows accurate
localization of deep-seated or peripheral lung lesions and
facilitates adequate sampling for cytological assessment.?

Image-guided FNAC offers several advantages, such
as rapid diagnosis, minimal patient discomfort, and a

high sensitivity and specificity of CT-guided FNAC in
distinguishing benign from malignant lung lesions.®*
It is particularly useful in diagnosing primary lung
malignancies as well as metastatic fumors involving the lung.
Despite these advantages, cytological evaluation alone
may occasionally be limited in providing definitive tumor

typing and architectural details, which are essential
for accurate histological classification.  Therefore,
histopathological examination of biopsy specimens

confinues to be regarded as the gold standard for the
diagnosis of lung lesions and for performing ancillary studies
such as immunohistochemistry and molecular testing.®

Correlation between cytological findings obtained by
image-guided FNAC and histopathological diagnosis is
important to assess the diagnostic accuracy and reliability
of FNAC in lung masses. Such studies help in determining the
effectiveness of FNAC as a primary diagnostic tool and in
identifying potential limitations in cytological interpretation.
The study was designed to assess the diagnostic
accuracy of image-guided FNAC in comparison with
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biopsy for  benign-malignant  differentiation  and
carcinoma subtyping among patfients with lung lesions.

METHODS

Study design and settings:
Thiscross-sectionalstudywasconductedatthe Departmentof
Pathology, B.P. Koirala Memorial Cancer Hospital (BPKMCH),
Chitwan, Nepal, from September, 2024 to November, 2025.

Study population: A total of 53 patients suspected of lung
cancerandradiologicallydetectedlunglesionswereincludedin
the study. Image-guided FNAC followed by histopathological
biopsy collection from all the patients was done.
Inclusion and exclusion criteria: The study included patients
with suspected lung cancer who underwent both fine-
needle aspiration cytology (FNAC) and biopsy for definitive
diagnosis. Patients with incomplete medical records or
inadequate cytology/biopsy samples were excluded.

Data collection and procedure: Clinicodemographic data,
includingage, sex, lesionsite,and typeofdiagnosticprocedure
(computed fomography [CT]-guided or ultrasonography
[USG]-guided), were collected from hospital records using
a pre-defined questionnaire. FNAC was performed under CT
or USG guidance depending on lesion location, while biopsy
samples, obtained via core needle or surgical methods, served
as the reference standard. Cyfological and histopathological
evaluations were conducted by experienced pathologists,
and lesions were classified as benign or malignant, with
malignant cases further categorized into non-small cell
carcinoma (NSCLC) and small cell carcinoma (SCLC)
according to World Health Organization (WHO) criteria.

Statistical analysis: Data were enfered in Microsoft
Excel Worksheet and checked for completeness. The
statistical analysis was done using STATA. Descriptive
statistics were used fo summarize categorical variables
as frequencies and percentages and continuous variables
as mean * standard deviation (SD). Associations between
categorical variables were assessed using the Chi-
square test. The diagnostic performance of FNAC in
differentiating NSCLC from SCLC was evaluated using
sensifivity, specificity, positive predictive value (PPV),
negafive predictive value (NPV), and overall accuracy, with
95% confidence intervals (CI) reported for each measure.
A p-value < 0.05 was considered statistically significant.

Ethical considerations: Ethical approval was obtained from
the Institutional Review Committee, BPKMCH, and data
collection was done. All the procedures were conducted in
accordance with institfutional ethical standards, ensuring
patientconfidentialityandadherencetogoodclinical practice.

RESULTS

A total of 53 patients were included in the study. The majority
of patients were aged 65-75 years (34.0%), followed by
55-65 years (22.6%) and >75 years (20.8%). The mean age
was 65.36 = 11.33 years, with ages ranging from 36 to 87

years. More than half of the patients were male (58.5%),
while 41.5% were female. Regarding the site of involvement,
54.7% of lesions were located in the right lung and 45.3%
in the left lung. Most procedures were performed under CT
guidance (64.2%), whereas 35.8% were conducted under
ultrasonography (USG) guidance. Fine-needle aspiration
cytology (FNAC) results showed that 88.7% of cases
were malignant and 11.3% as benign. These findings were
subsequently confirmed by biopsy, which demonstrated
that 81.1% of cases were malignant and 18.9% were benign,
as shown in Table 1.

Table 1: Clinicodemographic characteristics of patients
(n=53)

Characteristics Number of cases Percentage
Age

35-45 3 5.7

45-55 9 17.0

55-65 12 22.6

65-75 18 34.0

>75 11 20.8
Mean * SD 65.36+11.33 Min(Max): 36(87)
Sex

Female 22 415

Male 31 58.5
Site

Left lung 24 453

Right lung 29 54.7
Procedure

CT guided 34 64.2

USG guided 19 35.8
FNAC

Benign 6 11.3

Malignancy 47 88.7

Biopsy

Benign 10 18.9
Malignancy 43 81.1

The comparison of diagnostic performance of FNAC with
the results of biopsy was done. Out of 53 total cases, biopsy
confirmed 43 as malignant and 10 as benign. FNAC correctly
identified all 43 malignant cases, without missing any malig-
nancy, resulting in 100% sensitivity (95% CI: 90%-100%) of
FNAC. Whereas, out of 10 benign cases confirmed by biopsy,
6 were correctly identified and only 4 cases were misdiag-
nosed as malignancy, resulting in 60% specificity (95% CI:
27%-86%) of FNAC. The positive predictive value of FNAC
was 91% (CI: 79%-97%), indicating that cases diagnosed by
FNAC as malignant have high probability of being truly ma-
lignant, and only minor cases may result in false positive.
Similarly, the negative predictive value of FNAC was 100%
(CI: 52%-100%), indicating the cases diagnosed as benign
by FNAC are highly reliable and have no chance of missing
a malignancy. The overall accuracy of FNAC procedure was
92% (95% CI: 82%-98%), making it highly reliable as biopsy
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result, which is further shown by the chi-square association
(x%: 23.4; p<0.01) as shown in Table 2 and Table 3 below.

Table 2: Comparison of FNAC findings with biopsy find-
ings for differentiating benign and malignant cases.

FNAC Biopsy Total X2 p-value
Benign Malignancy

Benign 6 (0] 6 23.42 <0.01

Malignancy 4 43 47

Total 10 43 53

Table 3: Diagnostic Performance of FNAC in diagnosing
benign and malignant cases as compared to biopsy

Statistic Value 95% CI
Sensitivity 100 % 90-100%
Specificity 60 % 27-86%
Positive Predictive Value 91% 79-97%
Negative Predictive Value 100% 52-100%
Overall accuracy 92% 82-98%

Furthermore, we compared FNAC results with biopsy in dif-
ferentiating SCLC from NSCLC. Out of 43 malignant cases,
biopsy confirmed 16 as SCLC and 27 as NSCLC. FNAC cor-
rectly identified 7 cases as SCLC (True positive) but incor-
rectly diagnosed 9 cases (false negative) as NSCLC. This
results in 44% (CI: 20%-70%) sensitivity of FNAC, indicating
the limited reliability of FNAC in differentiating SCLC from
NSCLC. On the other hand, FNAC was correct in identifying
23 NSCLC cases out of 27 NSCLC cases, and the remaining 4
cases of NSCLC were misdiagnosed as SCLC by FNAC. This
results in 85% (CI: 66%-96%) specificity of FNAC in carcino-
ma subtyping. The positive predictive value (64%) of FNAC
indicates low probability of correct diagnosis of SCLC. The
negative predictive value (72%) of FNAC indicates moder-
ate confidence in NSCLC reports and the chances of missing
some SCLC. The overall diagnostic accuracy of FNAC was
70% (CI: 54%-83%) in differentiating SCLC and NSCLC, re-
flecting moderate agreement with biopsy findings, and the
association is further demonstrated by chi-square test (x%
3.03; p=0.08) as shown in Table 4 and Table 5 below.

Table 4: Comparison of FNAC findings with biopsy in
SCLC and NSCLC subtyping

FNAC Biopsy Total X2 p-value
SCLC NSCLC

SCLC 7 4 11 3.03 0.08

NSCLC 9 23 32

Total 10 43 53

Table 5: Diagnostic Performance of FNAC in SCLC and
NSCLC subtyping

Statistic Value 95% CI

Sensitivity 44% 20% - 70%
Specificity 85% 66% - 96%
Positive Predictive Value 64% 38% - 83%
Negative Predictive Value 72% 62% - 80%
Overall accuracy 70% 54% - 83%

DISCUSSION

Accurate and early diagnosis of lung masses is essential
for appropriate patient management, particularly with the
increasing availability of targeted therapies for lung cancer.
Image-guided fine needle aspiration cytology (FNAC)
has become an important minimally invasive diagnostic
technique for evaluating pulmonary lesions. It provides
rapid, safe, and cost-effective preliminary diagnosis,
especially when performed under radiological guidance
such as computed fomography (CT) or ultrasonography.?

In the present study, most lung masses were malignant,
which is consistent with the epidemiological tfrend reported
in the previous studies, where the majority of radiologically
detected lung masses represent primary lung cancer or
metastatic lesions.® Image-guided FNAC demonstrated a
high level of diagnostic accuracy in differentiating benign
and malignant lesions. Similar findings have been reported
by several authors who observed high sensitivity and
specificity of CT-guided FNAC in the diagnosis of pulmonary
lesions.”® CT-guided FNAC has demonstrated effective
results in diagnosing malignant lesions due to its ability to
obtain representative cellular material from deep-seated
pulmonary masses.’ The use of imaging guidance improves
sampling accuracy and reduces the likelihood of inadequate
aspirates.t°

However, in this study, the diagnostic accuracy of image-
guided FNAC was moderate in carcinoma subtyping, which
is in accordance with substantial publications.!**2 However,
someofthepublicationshavedemonstratedhigherdiagnostic
accuracy.®5 Since the variation in accuracy of image
guided FNAC in carcinoma subtyping, histopathological
examination has always been the standard procedure.
Cytological evaluation allows idenftification of characteristic
malignant features such as increased nuclear-cytoplasmic
ratio, nuclear pleomorphism, and prominent nucleoli.
However, precise histological subtyping of lung tumors may
sometimes be difficult on cytology alone, highlighting the
complementary role of tissue biopsy.! A small number of
discordant cases were observed between FNAC and biopsy
findings. Such discrepancies may occur due to inadequate
sampling, tumor necrosis, or tumor heterogeneity within
the lesion. Inflammatory or granulomatous lesions may
also mimic malignancy on cytology examination, leading to
potential diagnostic challenges.'?

Despite the limitation, image-guided FNAC remains a
valuable diagnostic tool due to its minimally invasive nature,
rapid turnaround time, and relatively low complication rate.
It is particularly useful as an initial diagnostic modality,
helping clinicians decide further management strategies.
However, histopathological examination contfinues o be the
gold standard for definitive diagnosis and for performing
ancillary studies such as immunohistochemistry and
molecular testing, which are increasingly important in the
management of lung cancer.2
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The limitations of this study include the relatively small
sample size and the inclusion of only cases that underwent
both FNAC and biopsy. Larger studies incorporating ancillary
diagnostic techniques may improve the diagnostic utility of
cytological evaluation of lung lesions.

CONCLUSION

Compared to biopsy, the diagnostic accuracy of image-
guided FNAC is highly reliable in differentiating benign and
malignant lung lesions. It can be used in rapid preliminary
diagnosis, which is crucial for early clinical decision-making
in patients with suspected Lung cancer. However, it is less
reliable for sub-typing carcinomas into SCLC and NSCLC,
making histopathological examination essential.
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