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Cysts and Cancer: Understand-
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Between Benign Growths and
Malignancies
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Abstract

Cysts are fluid-filled or semi-solid sacs that can develop in various
tissues and organs of the body. While many cysts are benign, their
relationship with cancer is an area of significant clinical interest. Some
cysts may serve as precursors to malignant transformation, while oth-
ers coexist with or mimic cancer. This article explores the intricate
relationship between cysts and cancer, focusing on their classifica-
tion, pathophysiology, diagnostic challenges, and implications for pa-
tient management. By examining common examples such as ovarian
cysts, pancreatic cysts, and cystic tumors of the breast and liver, this
review sheds light on how cysts can play a role in cancer progres-
sion. The potential of advanced imaging, biomarkers, and minimally
invasive techniques in distinguishing benign from malignant cysts is
also discussed, along with future directions for research and treatment
strategies.
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Introduction

Cysts are common findings in clinical practice and can occur in virtu-
ally any tissue. They range from benign, asymptomatic lesions to those
that may raise concerns for malignancy. Differentiating benign cysts
from malignant or precancerous cystic tumors is crucial for determin-
ing the appropriate management and prognosis. This article provides
a comprehensive overview of the types of cysts associated with cancer,
their mechanisms, diagnostic approaches, and implications for treat-
ment.

Types of cysts related to cancer conceptual framework

Benign ovarian cysts: Functional cysts such as follicular cysts and
corpus luteum cysts are typically benign and self-limiting.

Pathological cysts: Endometriomas and dermoid cysts may be be-
nign but can mimic malignant processes.

Malignant transformation: Certain ovarian cysts, such as mucinous
or serous cystadenomas, have the potential to transform into cystad-
enocarcinomas.
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Pancreatic cysts

o Non-Neoplastic cysts: These include pseudocysts, often
caused by pancreatitis.

o Neoplastic cysts: Intraductal Papillary Mucinous Neo-
plasms (IPMNs) and Mucinous Cystic Neoplasms (MCNs)
are precancerous lesions that can progress to pancreatic duc-
tal adenocarcinoma.

Breast cysts

o Simple cysts are generally benign but require differentiation
from complex cystic structures, which may harbor malig-
nancy.

o Phyllodes tumors, though rare, can present as cystic masses
and vary from benign to malignant.

Liver cysts: Simple hepatic cysts are often benign, but cystic liver le-
sions such as biliary cystadenomas may transform into cystadenocar-
cinomas.

Renal cysts: Bosniak classification is used to assess the malignancy
risk of renal cysts. Complex cystic lesions, particularly Bosniak cat-
egory IIT and IV, warrant closer evaluation for renal cell carcinoma.

Pathophysiology of cysts and their link to cancer

Genetic mutations: Mutations in genes such as KRAS, TP53, and
BRCAL1/2 have been implicated in the malignant transformation of
cystic neoplasms.

Chronic inflammation: Conditions like chronic pancreatitis or en-
dometriosis create an inflammatory microenvironment that promotes
cyst development and increases cancer risk.

Angiogenesis and growth factors: Dysregulated angiogenesis and se-
cretion of growth factors (e.g., VEGE EGF) within cystic lesions can
support tumorigenesis.

Epigenetic modifications: DNA methylation and histone modifica-
tions may drive the progression from benign cysts to malignancy.

Diagnostic Challenges and Approaches
Imaging techniques

Ultrasound: Commonly used for initial evaluation of cysts, particu-
larly in the breast, liver, and ovaries.

CT and MRI: Provide detailed characterization of cystic lesions, in-
cluding wall thickness, septations, and contrast enhancement patterns.

Endoscopic Ultrasound (EUS): Critical for assessing pancreatic cysts
and obtaining fluid samples for analysis.

Biomarkers
CA-125: Elevated in ovarian cancer, but also in benign conditions.

CEA and Amylase: Help differentiate pancreatic pseudocysts from
mucinous neoplasms.

AFP and CA 19-9: Used in evaluating liver cystic lesions and pancre-
atic malignancies.
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Cyst fluid analysis
«  Cytological examination of cyst fluid for malignant cells.

. Biochemical analysis for markers like CEA, glucose, and am-
ylase.

Histopathology

Surgical excision and histopathological examination remain the gold
standard for definitive diagnosis.

Cysts as precursors to cancer

Ovarian cysts: Long-standing endometriomas and borderline tumors
are associated with an increased risk of ovarian cancer.

Pancreatic cysts: IPMNs and MCNs are well-established precursors
to invasive pancreatic cancer. Regular surveillance and timely surgical
intervention are key.

Biliary cysts: Congenital biliary cysts (e.g., choledochal cysts) have a
higher risk of developing cholangiocarcinoma.

Management strategies

Watchful waiting: Indicated for simple, asymptomatic cysts with no
worrisome features.

Surgical resection

e Recommended for cysts with high suspicion of malignancy
or symptomatic lesions.

e Minimally invasive techniques, such as laparoscopic or ro-
botic surgery, are preferred for resectable lesions.

Ablative Therapies: Radiofrequency ablation or alcohol injection for
certain liver and renal cysts.

Targeted Therapies: Molecular targeting of signaling pathways im-
plicated in cyst-associated cancers (e.g., VEGF inhibitors in IPMNs).

Research and emerging therapies

Liquid biopsies: Circulating Tumor DNA (ctDNA) and exosome
analysis offer non-invasive methods to detect malignant transforma-
tions in cystic lesions.

Artificial intelligence: Al algorithms can enhance imaging interpre-
tation, improving diagnostic accuracy for cystic tumors.

Immunotherapy: Immune checkpoint inhibitors may hold promise
for treating malignancies arising from cystic neoplasms.

Gene therapy: Targeted gene editing techniques, such as CRIS-
PR-Cas9, are being explored for preventing malignant transforma-
tions.

Future directions

«  Standardizing diagnostic criteria for differentiating benign
from malignant cysts.

o Developing robust, non-invasive biomarkers for early detec-
tion of cancer-related cysts.

«  Investigating the role of microbiota and its influence on cyst
progression and cancer risk.

Conclusion

Cysts are a diverse group of lesions with varying risks of malignancy.
Understanding the complex interplay between cyst biology and cancer
is essential for early diagnosis and appropriate management. Advanc-
es in imaging, biomarker development, and minimally invasive tech-
niques hold great promise for improving outcomes. Future research
should focus on integrating molecular and genetic insights to refine
diagnostic and therapeutic strategies, ultimately paving the way for
personalized care in patients with cyst-related cancer risks.
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