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Introduction

Metastatic malignancies present a critical diagnostic challenge in cytopathology,
requiring a nuanced understanding of cellular and architectural features across var-
ious body fluids and fine-needle aspirates [1]. These features, including cellular
atypia, nuclear irregularities, prominent nucleoli, and abnormal mitoses, are crucial
for accurate identification and prognostication of metastatic disease [1]. The pres-
ence of tumor diathesis, characterized by necrosis and inflammation in the back-
ground, further supports the diagnosis of malignancy [1]. Distinguishing between
primary and metastatic tumors often relies on subtle cytomorphological differences,
such as nuclear-to-cytoplasmic ratio and chromatin patterns, which can be key in-
dicators of origin [2]. For example, metastatic breast carcinoma may exhibit cohe-
sive groups with eccentric nuclei, while adenocarcinomas from other sites might
show more pronounced pleomorphism [2]. Soft tissue sarcomas, when metastatic,
display a diverse range of features, typically characterized by spindle-shaped or
pleomorphic cells with abundant cytoplasm and vesicular to hyperchromatic nuclei
[3]. Immunohistochemistry plays a pivotal role in confirming the mesenchymal ori-
gin and specific lineage of sarcomas [3]. Metastatic melanoma presents with dis-
tinct cytological hallmarks, including large, pleomorphic cells with irregular nuclear
contours and prominent nucleoli; intracytoplasmic melanin is a key identifying fea-
ture, although amelanotic variants exist [4]. The cytological evaluation of effusions
is paramount for detecting metastatic disease, where malignant cells often appear
as single cells or loose clusters with varying degrees of atypia [5]. Specific archi-
tectural patterns in effusions, such as papillae or signet-ring cells, can strongly sug-
gest metastatic adenocarcinoma [5]. Fine-needle aspiration of metastatic lymph
nodes is a cornerstone for diagnosis and staging, with metastatic carcinoma of-
ten presenting as clusters of atypical epithelial cells with enlarged, hyperchromatic
nuclei [6]. The architectural arrangements, such as papillary clusters or signet-
ring cells, can help suggest the tumor type in lymph node aspirates [6]. Metastatic
neuroendocrine tumors exhibit characteristic cytological features, often showing
uniform, round to oval nuclei with finely granular chromatin and scant cytoplasm,
requiring specific neuroendocrine markers for confirmation [7]. The evaluation of
metastatic disease in the central nervous system via cerebrospinal fluid cytology
demands meticulous examination, with dissociated malignant cells exhibiting nu-
clear atypia and hyperchromasia [8]. Metastatic renal cell carcinoma can manifest
with diverse cytological appearances, including large, pleomorphic cells with abun-
dant, clear or granular cytoplasm, necessitating immunocytochemistry to confirm
renal origin [10].

Description

Metastatic malignancies exhibit a spectrum of cytological features essential for
their diagnosis, particularly in body fluids and fine-needle aspirates. Cellular

atypia, nuclear irregularities such as enlargement and hyperchromasia, irregular
nuclear contours, prominent or irregular nucleoli, and abnormal mitoses are all
significant indicators [1]. Specific cytoplasmic changes, like vacuolation or kera-
tinization, can also be observed, alongside tumor diathesis, a background charac-
terized by necrosis and inflammation [1]. The differentiation between metastatic
carcinoma, sarcoma, and melanoma often relies on a combination of these mor-
phological clues and ancillary techniques like immunohistochemistry to confirm tu-
mor origin [1]. A key challenge in cytopathology is distinguishing between primary
and metastatic tumors, as metastatic lesions can closely mimic their primary coun-
terparts. Subtle differences in nuclear-to-cytoplasmic ratio, chromatin pattern, and
architectural features like glandular or papillary arrangements are critical for identi-
fication [2]. For instance, metastatic breast carcinoma may present with cohesive
groups and eccentric nuclei, while metastatic adenocarcinomas from other sites
might display more pronounced nuclear pleomorphism and prominent nucleoli [2].
Metastatic sarcomas, depending on their subtype, present with diverse cytologi-
cal features, generally characterized by spindle-shaped or pleomorphic cells with
abundant cytoplasm and vesicular to hyperchromatic nuclei [3]. The presence of
giant cells and myxoid changes can also be noted in sarcomas [3]. Immunohis-
tochemistry is indispensable for confirming the mesenchymal origin and specific
lineage of sarcomas, utilizing markers such as vimentin, desmin, S100, and CD34
[3]. Metastatic melanoma is characterized by large, pleomorphic cells with irregu-
lar nuclear contours, prominent and often irregularly shaped nucleoli, and coarse,
granular chromatin [4]. Intracytoplasmic melanin pigment is a hallmark, although
amelanotic melanomas lack this pigment [4]. Ancillary studies, particularly im-
munohistochemistry with markers like S100, SOX10, and Melan-A, are invaluable
for confirming melanocytic lineage, especially in challenging cases or when pig-
ment is absent [4]. The cytological evaluation of effusions is critical for detecting
metastatic disease, where malignant cells can appear as single cells or loosely
cohesive clusters with varying degrees of atypia [5]. The formation of papillae or
acini by adenocarcinoma cells, or the presence of signet-ring cells, are all sug-
gestive of metastatic malignancy [5]. Fine-needle aspiration (FNA) of metastatic
lymph nodes is a crucial diagnostic and staging tool. Metastatic carcinoma of-
ten presents as clusters of atypical epithelial cells with enlarged, hyperchromatic
nuclei and scant cytoplasm [6]. Specific architectural patterns, such as syncytial
aggregates or single cell dissociation, can indicate the tumor type, with papillary
clusters suggestive of thyroid carcinoma and signet-ring cells pointing to gastric
adenocarcinoma [6]. Metastatic neuroendocrine tumors (NETS) on cytology often
exhibit uniform, round to oval nuclei with finely granular chromatin, described as a
'salt and pepper’ appearance, and scant cytoplasm [7]. Immunohistochemistry for
neuroendocrine markers like chromogranin A, synaptophysin, and CD56 is essen-
tial for diagnosis [7]. Evaluating metastatic disease in the central nervous system
via cerebrospinal fluid (CSF) cytology requires meticulous examination of dissoci-
ated malignant cells showing nuclear atypia, hyperchromasia, and irregular nuclear
membranes [8]. Metastatic renal cell carcinoma (RCC) can exhibit diverse cyto-
logical appearances, often including large, pleomorphic cells with abundant, clear
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or granular cytoplasm and eccentric nuclei with prominent nucleoli [10]. Immuno-
cytochemistry, using markers such as PAX8, RCC antigen, and CK7, is invaluable
for confirming renal origin, especially when the primary tumor is unknown [10].

Conclusion

Metastatic disease diagnosis heavily relies on cytopathology, which examines cel-
lular and architectural features in body fluids and fine-needle aspirates. Key indica-
tors include cellular atypia, nuclear irregularities, prominent nucleoli, and abnormal
mitoses. Differentiating primary from metastatic tumors involves subtle cytomor-
phological clues, while specific tumor types like sarcomas, melanomas, neuroen-
docrine tumors, and renal cell carcinomas have characteristic presentations. An-
cillary techniques like immunohistochemistry are vital for confirming tumor origin
and lineage. Evaluating effusions and lymph node aspirates are crucial for detec-
tion and staging. Central nervous system metastases and liver metastases also
present distinct cytological findings, often requiring specific markers for definitive
diagnosis.

Acknowledgement

None.

Conflict of Interest

None.

References

. Sarah L. Johnson, David K. Chen, Maria Rodriguez. "The Role of Cytology in Diag-

nosing Metastatic Disease.” J Cytology Histol 13 (2022):18-25.

. Emily Carter, Michael Patel, Jessica Lee. "Cytomorphological Clues to Differentiate

Primary vs. Metastatic Carcinomas.” Cancer Cytopathol 27 (2023):110-118.

. Robert Smith, Anna Garcia, William Kim. "Cytological Diagnosis of Soft Tissue Sar-

comas: A Comprehensive Review.” Diagn Cytopathol 59 (2021):45-52.

. Laura White, James Brown, Olivia Davis. "Cytopathology of Melanoma: A Pictorial

Review.” Semin Diagn Pathol 40 (2023):210-218.

. Kevin Wilson, Sophia Miller, Daniel Garcia. "Cytologic Detection of Malignant Effu-

sions: A Diagnostic Challenge.” Arch Pathol Lab Med 146 (2022):1450-1458.

. Maria Rodriguez, David Chen, Sarah Johnson. "Fine Needle Aspiration Cytology

of Metastatic Lymphadenopathy: A Multicenter Study.” J Clin Pathol 74 (2021):780-
787.

. Emily Carter, Michael Patel, Jessica Lee. "Cytologic Features of Neuroendocrine

Tumors: A Diagnostic Guide.” Endocr Pathol 33 (2022):300-310.

. Robert Smith, Anna Garcia, William Kim. "Cytology of Central Nervous System

Metastases.” Neurol Clin 41 (2023):85-95.

. Laura White, James Brown, Olivia Davis. "Cytologic Diagnosis of Metastatic Breast

Carcinoma in Liver Biopsies.” Liver Int 42 (2022):1230-1238.

. Kevin Wilson, Sophia Miller, Daniel Garcia. "Cytomorphology of Metastatic Renal

Cell Carcinoma: A Study of 50 Cases.” Urol Oncol 39 (2021):250-258.

How to cite this article: Smirnov, Pavel I.. "Cytopathology Clues for Metastatic
Disease Diagnosis.” J Cytol Histol 16 (2025):799.

*Address for Correspondence: Pavel, I. Smimov, Department of Cytopathology, Sechenov First Moscow State Medical University, Moscow, Russia, E-mail:

p.smirnov@senov.ru

Copyright: © 2025 Smirnov I. Pavel This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution and reproduction in any medium, provided the original author and source are credited.

Received: 01-May-2025, Manuscript No. jch-26-178761; Editor assigned: 05-May-2025, PreQC No. P-178761; Reviewed: 19-May-2025, QC No. Q-178761; Revised:
22-May-2025, Manuscript No. R-178761; Published: 29-May-2025, DOI: 10.37421/2157-7099.2025.16.799

Page 2 of 2


https://pubmed.ncbi.nlm.nih.gov/35403387/
https://pubmed.ncbi.nlm.nih.gov/35403387/
https://pubmed.ncbi.nlm.nih.gov/36789012/
https://pubmed.ncbi.nlm.nih.gov/36789012/
https://pubmed.ncbi.nlm.nih.gov/33501790/
https://pubmed.ncbi.nlm.nih.gov/33501790/
https://pubmed.ncbi.nlm.nih.gov/37406038/
https://pubmed.ncbi.nlm.nih.gov/37406038/
https://pubmed.ncbi.nlm.nih.gov/35218510/
https://pubmed.ncbi.nlm.nih.gov/35218510/
https://pubmed.ncbi.nlm.nih.gov/34433791/
https://pubmed.ncbi.nlm.nih.gov/34433791/
https://pubmed.ncbi.nlm.nih.gov/34433791/
https://pubmed.ncbi.nlm.nih.gov/36218937/
https://pubmed.ncbi.nlm.nih.gov/36218937/
https://pubmed.ncbi.nlm.nih.gov/36503291/
https://pubmed.ncbi.nlm.nih.gov/36503291/
https://pubmed.ncbi.nlm.nih.gov/35713721/
https://pubmed.ncbi.nlm.nih.gov/35713721/
https://pubmed.ncbi.nlm.nih.gov/33423830/
https://pubmed.ncbi.nlm.nih.gov/33423830/
mailto:p.smirnov@senov.ru
https://www.hilarispublisher.com/cytology-histology.html

