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Abstract

Background: Rare tumors, with an incidence of less than 6 per 100,000 persons annually, present
unique diagnostic challenges in tertiary care settings. This study aimed to analyze the cytopathological
features of rare tumors encountered focusing on their morphological patterns and diagnostic accuracy.
Methods: A prospective observational study was conducted over six months, analyzing 96 cases of
rare tumors. Cytological specimens were collected using standard FNAC techniques and examined
using May-Grinwald-Giemsa and Papanicolaou stains. Ancillary techniques including
immunocytochemistry, flow cytometry, and molecular testing were employed when indicated, and
cytological findings were correlated with histopathological diagnoses.

Results: The study revealed predominant involvement of the head and neck region (31.25%) followed
by soft tissue (20.83%). Common tumor types included adenoid cystic carcinoma (15.63%), alveolar
soft part sarcoma (10.42%), and granular cell tumors (8.33%). The majority of cases occurred in the
41-60 year age group (35.42%) with a slight female predominance (54.17%). The epithelioid pattern
was the most common cytomorphological feature (37.5%). Diagnostic accuracy showed 82.29% true
positive rates. Immunocytochemistry using S100, CD117, SMA, and specific cytokeratins was required
in 52.08% of cases, while flow cytometry for rare lymphomas was needed in 20.83% of cases.

Conclusion: The study demonstrates the high diagnostic accuracy of cytopathological examination in
rare tumors when supported by appropriate ancillary techniques. The findings emphasize the
importance of systematic cytomorphological analysis and the crucial role of tertiary care centers in rare
tumor diagnosis, contributing to improved patient outcomes through accurate and timely diagnosis.
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Introduction:

Cytopathology plays a crucial role in the diagnosis and management of rare tumors, serving as a
cornerstone in modern diagnostic medicine. Rare tumors, defined as those with an incidence of less
than 6 per 100,000 persons per year, present unique diagnostic challenges due to their uncommon
presentation and varied morphological patterns (Ferrari et al., 2019). These rare neoplasms require
careful cytopathological examination for accurate diagnosis and appropriate therapeutic planning.
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The landscape of rare tumor diagnosis has evolved significantly over the past decades, with fine-needle
aspiration cytology (FNAC) emerging as a valuable diagnostic tool. Studies have shown that FNAC,
combined with ancillary techniques, can provide accurate diagnosis in up to 95% of rare tumor cases
when performed by experienced cytopathologists (Singh et al.,, 2021). The integration of
immunocytochemistry and molecular testing has further enhanced the diagnostic accuracy of
cytopathological examination.Recent data from Indian tertiary care centers indicates a rising trend in
the detection of rare tumors, with approximately 20% of all diagnosed neoplasms falling into this
category (Rastogi et al., 2022). This increase can be attributed to improved diagnostic techniques and
greater awareness among healthcare providers. International studies have demonstrated similar
patterns, with European data suggesting that rare tumors account for about 24% of all cancer cases
(Gatta et al., 2023).

The cytopathological features of rare tumors encompass a wide spectrum of morphological patterns.
These include unusual cellular arrangements, distinctive nuclear features, and specific cytoplasmic
characteristics that help differentiate them from more common neoplasms. The challenge lies in
recognizing these patterns, particularly in cases where limited literature exists due to the rarity of the
condition (Kumar et al., 2020).Tertiary care hospitals, being referral centers, encounter a higher
concentration of rare tumors compared to primary or secondary healthcare facilities. This creates a
unique opportunity to study and document the cytopathological features of these uncommon
neoplasms. Studies have shown that tertiary care centers diagnose approximately 70-80% of all rare
tumors in a given healthcare system (Patel et al., 2021).The importance of accurate cytopathological
diagnosis in rare tumors cannot be overstated. Research indicates that proper initial diagnosis
significantly impacts treatment outcomes, with studies showing a 30% improvement in survival rates
when rare tumors are correctly identified at the outset (Zhang et al., 2022). This highlights the critical
role of cytopathological expertise in tertiary care settings.

Recent advances in digital pathology and artificial intelligence have opened new avenues for rare
tumor diagnosis. Machine learning algorithms, trained on cytopathological images, have shown
promising results in identifying unusual cellular patterns characteristic of rare tumors (Anderson et al.,
2023). However, these technological advances complement rather than replace expert cytopathological
examination.Indian studies have particularly emphasized the unique challenges in diagnosing rare
tumors in the subcontinent's population. Factors such as genetic variations, environmental influences,
and demographic characteristics can affect tumor presentation and morphology (Mehta et al., 2021).
This underscores the need for region-specific cytopathological studies of rare tumors. Understanding
the cytopathological features of rare tumors is essential not only for diagnosis but also for
prognostication and treatment planning. Research has demonstrated that certain cytomorphological
characteristics correlate strongly with tumor behavior and treatment response (Wilson et al., 2022).
This knowledge aids in developing personalized treatment approaches for patients with rare
tumors. The study of rare tumors in tertiary care settings also contributes significantly to medical
education and research. Documentation of unusual cases helps build a knowledge base for future
reference and training of pathology residents. Studies indicate that exposure to rare tumor cases during
training significantly improves diagnostic accuracy in future practice (Brown et al., 2021).

The aim of the study was document the cytopathological features of rare tumors encountered, focusing
on their morphological patterns, diagnostic challenges, and correlation with final histopathological
diagnosis.

Methodology:
Study Design: A prospective observational study was conducted to analyze the cytopathological
features of rare tumors.

Study Site:The study was carried out in the Department of Pathology, with comprehensive diagnostic
facilities including cytopathology, immunocytochemistry, and molecular testing capabilities.
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Study Duration:The study was conducted over12 months.

Sampling and Sample Size: The sample size was calculated using the formula for finite populations
with a confidence level of 95% and a margin of error of 5%. Based on previous hospital records and
literature review, the expected proportion of rare tumors was estimated at 16%. This yielded a sample
size of 44 cases.

Inclusion and Exclusion Criteria:

The study included all cytology specimens from patients with suspected rare tumors (incidence
<6/100,000/year) received during the study period. Cases included both fine-needle aspiration samples
and fluid cytology specimens. Inadequate samples, poorly preserved specimens, and cases with
incomplete clinical information were excluded from the study. Cases where follow-up
histopathological correlation was not available were also excluded.

Data Collection Tools and Techniques:

Cytological specimens were collected using standard FNAC techniques with 22-23 gauge needles.
Both air-dried and alcohol-fixed smears were prepared. The smears were stained with May-Griinwald-
Giemsa and Papanicolaou stains. A structured proforma was used to record clinical details,
cytomorphological features, and ancillary test results. Digital photomicrography was performed for
documentation using a calibrated microscope camera system. Immunocytochemistry was performed
when indicated using appropriate antibody panels.

Immunocytochemical Analysis:

e Primary antibody panel included: S100, CD117, SMA, cytokeratin (CK7, CK20), CD31, CD34,
Desmin, MyoD1, and specific markers based on morphological differential diagnosis

e Secondary detection system: Standard avidin-biotin complex method

e Controls: Appropriate positive and negative controls included for each run

Flow Cytometry Protocol:

e Used for suspected rare lymphoid neoplasms

e Basic panel: CD3, CD19, CD4, CD8, CD10, CD5, CD23

o Extended panel when indicated: CD103, CD25, CD11c for hairy cell leukemia variants

Data Management and Statistical Analysis:

Data was entered into a specially designed Microsoft Excel spreadsheet and analyzed using SPSS
version 25.0. Descriptive statistics were calculated, including frequencies, percentages, means, and
standard deviations. The chi-square test was used for categorical variables and the Student's t-test for
continuous variables. P-value <0.05 was considered statistically significant. Sensitivity, specificity,
positive predictive value, and negative predictive value were calculated using histopathological
diagnosis as the gold standard.

Ethical Considerations:

The study protocol was approved by the Institutional Ethics Committee (IEC) prior to commencement.
Written informed consent was obtained from all participants in their preferred language. Patient
confidentiality was maintained throughout the study by using unique identification codes. All
procedures were performed under the Declaration of Helsinki and institutional ethical guidelines.
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Results:
Table 1: Distribution of Specific Rare Tumors (n=96)
Tumor Type Frequency Percentage
Adenoid Cystic Carcinoma 7 15.91%
Alveolar Soft Part Sarcoma 5 11.36%
Granular Cell Tumor 4 9.09%
Epithelioid Hemangioendothelioma 3 6.82%
Merkel Cell Carcinoma 3 6.82%
Clear Cell Sarcoma 3 6.82%
Synovial Sarcoma 2 4.55%
Rare Lymphoma Variants 8 18.18%
Others 9 20.45%
Total 44 100.00%
Table 2: Distribution of Rare Tumors Based on Anatomical Location (n=96)
Location Number Percentage
Head and Neck 14 31.82%
Soft Tissue 9 20.45%
Lymph Nodes 8 18.18%
Breast 5 11.36%
Thorax 4 9.09%
Abdomen 3 6.82%
Others 1 2.28%
Total 44 100%
Table 3: Cytomorphological Patterns Observed in Rare Tumors (n=150)
Pattern Number Percentage
Epithelioid 17 38.64%
Spindle Cell 10 22.73%
Small Round Cell 7 15.91%
Pleomorphic 6 13.64%
Mixed 4 9.08%
Total 44 100%
Table 4: Distribution of Cases Based on Age and Gender (n=96
Age Group (years) Male Female Total Percentage
0-20 3 4 7 15.91%
21-40 6 8 14 31.82%
41-60 7 9 16 36.36%
>60 4 3 7 15.91%
Total 20 24 44 100%
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Table 5: Diagnostic Accuracy of Cytopathology in Rare Tumors (n=96)

Parameter Number Percentage
True Positive 36 81.82%
False Positive 2 4.54%
True Negative 4 9.09%
False Negative 2 4.54%
Total 44 100%
Table 6: Requirement of Ancillary Techniques for Diagnosis (n=96)

Technique Number Percentage
Immunocytochemistry 23 52.27%
Flow Cytometry 9 20.45%
Molecular Testing 7 15.91%
None Required 5 11.37%
Total 44 100%

Table 7: Correlation with Final Histopathological Diagnosis (n=96)
Correlation Status Number Percentage
Complete Correlation 35 79.55%
Partial Correlation 6 13.64%
No Correlation 3 6.81%
Total 44 100%

Table 8: Immunocytochemistry Results in Common Tumor Types

Tumor Type Key Positive Key Negative Markers
Markers
Adenoid Cystic CD117, CK7, S100 CK20, CD34
Carcinoma
Alveolar Soft Part TFE3, Desmin S100, CK
Sarcoma
Granular Cell Tumor S100, CD68 CK, Desmin

Discussion:

The present study provides comprehensive insights into the cytopathological features of rare tumors in
a tertiary care setting, analyzing 44 cases with significant findings across anatomical distribution,
morphological patterns, diagnostic accuracy, and clinicopathological correlation. The anatomical
distribution analysis (Table 1) revealed a predominance of rare tumors in the head and neck region
(31.82%), followed by soft tissue (20.45%). This distribution pattern aligns with Thompson et al.
(2021), who reported similar findings in their analysis of rare tumors, where head and neck lesions
constituted 28% of cases. The cytomorphological patterns observed (Table 2) demonstrated epithelioid
pattern predominance (38.64%), followed by spindle cell pattern (22.73%). These findings correspond
closely with Chen et al. (2023), who reported 35% epithelioid patterns in their comprehensive analysis.
The presence of mixed patterns in 9.08% of cases highlights the diagnostic complexity. Age and
gender distribution analysis (Table 3) revealed interesting patterns, with a slight female predominance
(54.55%) and peak incidence in the 41-60 year age group (36.36%). This demographic profile shows
remarkable similarity to Rodriguez et al. (2022), who reported 54% female predominance in their
multi-institutional study. The diagnostic accuracy findings (Table 4) are particularly noteworthy, with
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an 81.82% true positive rate and slightly elevated false positive/negative rates (4.54% each) compared
to larger series. These results remain comparable to Harrison et al. (2021), who achieved 82% accuracy
in their analysis of fine-needle aspiration diagnoses of rare tumors. The requirement for ancillary
techniques (Table 5) demonstrates similar patterns to larger studies, with immunocytochemistry being
the most frequently utilized (52.08%). This finding aligns with Mitchell et al. (2022), who emphasized
the crucial role of immunocytochemistry in achieving accurate diagnoses.

The correlation with histopathological diagnosis (Table 6) showed strong complete correlation in
79.17% of cases, validating the reliability of cytopathological examination. This correlation rate
remains comparable to the 75% reported by Anderson et al. (2022) in their comparative analysis.

The interrelation between anatomical location and cytomorphological patterns revealed interesting
associations. Head and neck tumors showed a predominance of epithelioid patterns, consistent with the
findings of Wilson et al. (2022), who reported similar correlations in their clinicopathological study.
The high accuracy rates in our study, particularly for soft tissue lesions, support the observations of
Patel et al. (2021) regarding the effectiveness of tertiary care centers in rare tumor diagnosis.

The age-specific distribution of morphological patterns showed variations that merit attention. The
higher prevalence of spindle cell patterns in the middle-age group aligns with the findings of Gatta et
al. (2023), who reported similar age-related morphological variations in European populations. The
gender differences in tumor patterns, though subtle, reflect the observations of Ferrari et al. (2019)
regarding sex-specific variations in rare tumor presentations.

The study's comprehensive approach to ancillary testing, particularly the strategic use of
immunocytochemistry, contributed significantly to the high diagnostic accuracy. This supports Brown
et al. (2021)'s emphasis on the importance of integrated diagnostic approaches in pathology training
and practice. The correlation between cytomorphological patterns and the need for specific ancillary
techniques provides valuable insights for diagnostic algorithm development.

The spectrum of rare tumors in our study showed interesting patterns of immunoreactivity. Adenoid
cystic carcinomas, comprising 15.63% of cases, consistently showed CD117 and CK7 positivity,
aligning with findings by Davidson et al. (2023). The alveolar soft part sarcomas (10.42%)
demonstrated characteristic nuclear TFE3 positivity, crucial for definitive diagnosis.

Flow cytometry proved particularly valuable in rare lymphoma variants, representing 16.67% of cases.
Extended panels including CD103 and CD25 helped identify unusual variants of hairy cell leukemia
and other rare lymphoproliferative disorders, supporting Mitchell et al.'s (2022) observations regarding
the utility of comprehensive immunophenotyping in rare hematologic neoplasms.

The findings also demonstrate the crucial role of tertiary care centers in rare tumor diagnosis,
supporting the observations of Kumar et al. (2020) regarding the concentration of expertise and
resources in these settings. The high correlation with histopathological diagnosis validates the cost-
effectiveness and reliability of cytopathological examination as a primary diagnostic tool, particularly
when supported by appropriate ancillary techniques

Conclusion:

This comprehensive study of cytopathological features of rare tumors in a tertiary care setting
demonstrates the crucial role of systematic morphological analysis and ancillary techniques in
achieving accurate diagnoses. The high diagnostic accuracy (81.82%) and strong correlation with
histopathological findings (79.55%) underscore the reliability of cytopathological examination as a
primary diagnostic tool for rare tumors. The predominance of head and neck lesions (31.82%) and
epithelioid morphological patterns (38.64%), combined with the significant utility of
immunocytochemistry (52.27%), highlights the importance of a structured diagnostic approach. These
findings contribute significantly to the existing knowledge base for rare tumor diagnosis and emphasize
the vital role of tertiary care centers in managing such cases.
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