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Abstract. In recent years, the demand for cytopathological
accurate diagnoses has increased as expanding minimally
invasive procedures obtain materials from patients with
advanced cancer for diagnostic, prognostic, and predictive
purposes. However, inadequate knowledge of cytopathological
technical procedures and ancillary techniques by clinicians
remains the most common reason for the limited availability of
cytopathology. The objectives of this review were to understand
the technical procedures, ancillary techniques, and application
and effectiveness of various types of tests in cytopathology. Each
of the many ancillary technologies described in the literature
has specific advantages and limitations and laboratories select
one or more methods depending on their infrastructure and
expertise to achieve the goal from initial screening of the
disease to the final diagnosis of the cytopathology. This paper
systematically reviews the development of cytopathology,
summarizes the existing problems in cytopathology and the new
progress of auxiliary examination, to provide a theoretical basis
for the advanced development of cytopathological diagnostic
technologies and to consolidate the minimally invasive and
of cytopathologies for

accurate  diagnosis clinicians.
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Cytopathology offers many advantages over other clinical
examinations, particularly for minimally invasive and accurate
diagnosis.

The emergence of cell theory, the discovery of physiology in
the 17t century, the use of the microscope, and the
establishment of pathological anatomy in the 18" century
contributed to the development of cytopathology. Rudolf
Virchow, a German scientist published the book Cytopathology,
marking the birth of cytopathology in 1858 (1, 2). At the
beginning of the 20" century, Yang Dawang founded China's
first cytology laboratories in the Department of Obstetrics and
Gynecology of Peking Union Medical College and Beijing
Hospital.

Cytopathology attributed the occurrence of the pathological
state to cellular changes, which was an advance in pathology.
Cytopathology is based on histology and is used to study the
morphology and structure of tissue fragments, groups of cells
and individual cells, as well as the relationship between cells
and the tissue origin. It includes abscission cytology (AC) and
fine needle aspiration cytology (FNA). AC is the examination
of sputum, pleural and abdominal fluid, gastric juice, urine,
cervical smear, and others. FNA requires a fine needle to absorb
a relatively small number of cells from the lesion site, such as
the lymph node, thyroid, breast, and lung. Cytopathological
examination is simple, minimally invasive, and accurate,
providing an important method for early diagnosis of malignant
tumors. It is widely used in clinical and tumor investigation.

With the development of minimally invasive techniques,
cytology is gradually becoming the main means of tissue
diagnosis. Cytological diagnosis refers to the identification of
cellular changes under a light microscope. Cytopathological
diagnosis is a complex process, influenced by many factors. A
large number of well-preserved cells on the smear is required
for accurate diagnosis. In contrast, the absence of background
information, poor images and blurred staining may lead to a
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misdiagnosis. Therefore, the methods and techniques of
cytopathology are crucial for cytopathological diagnoses. When
necessary, immunocytochemistry (ICC), electron microscopy,
and molecular biology techniques are used to differentiate
between reactive lesions and tumor changes (3).

Advances in cytopathological diagnosis methods and
techniques have been reported previously (4-6). In this
review, we focus on the technical advances in cytopathology,
including AC and FNA. We describe the current state of
ICC, flow cytometry (FCM), fluorescence in situ
hybridization (FISH), DNA ploidy analysis, gene
sequencing, artificial intelligence (Al), remote pathological
diagnosis, deep learning, and digital storage for clinicians
and cytopathologists.

Cytopathological Specimen Collection

Abscission cytology collection. Cancer cells are characterized
by fast metabolism and a depletion in calcium and
hyaluronidase, resulting in weakening of cell-cell connections
and detachment of cells (7, 8). Adequate sample volume of
AC, a representative cell collection and time-dependent smear
fixation are requirements for a correct diagnosis.

Cervical exfoliation cytology is a method for cervical
cancer screening, mainly consisting of cervical smear and
thinPrep cytologic test (TCT) examination. The cervical
smear contains pathological cells scraped with a specific
curette to extract a relatively small number of cells. TCT is
recommended to effectively improve the acquisition rate and
diagnostic accuracy (9-11). SurePath and ThinPrep 2000 are
two testing systems recommended by the FDA for cervical
or vaginal usage (12, 13). The basic purpose of collecting
cells is to increase the sampling of the complete
transformation zone (TZ) and squamous columnar epithelial
junction (SCJ), which is important for the pathogenesis of
cervical cancer (14). Therefore, collecting cells from this
region is crucial. Human papillomavirus (HPV) combined
with TCT, P16/Ki-67, and E6/E7 provide effective markers
for cancer screening (15, 16).

Non-gynecological cytology includes the innovation and
improvement of various specimen collectors, washing fluid
microporous membranes, and sputum releasers (17).
Hemolytic substances and anticoagulants are added to
thorax, ascites, and other body fluids containing high protein
concentrations, followed by the preparation of a centrifugal
precipitation smear (18). For urine and other low protein
body fluids, sufficient cells can be obtained by centrifugal
precipitation collector and microporous filtration membrane
technology, increasing the positive rate (19).

Fine needle aspiration cytology specimen collection. FNA is
a quick, economical, and minimally invasive method in which
cells of suspicious lesions are repeatedly aspirated with a fine
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needle (the outer diameter of the needle is 0.6-0.9 mm). Then,
the cytopathologist observes the samples under a microscope
and issues a pathology report (20, 21). FNA can be used to
puncture tumors and non-tumor lesions in almost all parts of
the body, assuring a high positive rate and few false positives
(22). Cytopathological diagnosis of superficial tumors, in the
thyroid, breast, lymph nodes, subcutaneous masses, and deep
tumors such as in the pancreas, retroperitoneum, liver, and
kidney, is a very practical and convenient means of
assessment (23, 24). Metastatic tumor is the most common
cause of lymphadenopathy. Lymph node puncture can not
only be used for the diagnosis of metastatic tumors, but also
for the determination of the histological type and originating
organ (25, 26).

The advent of cell chips has recently promoted the rapid
development of FNA, enabling the use of few remaining
cells in the needle after needle aspiration to perform high-
throughput examination (27-30) with a wide usage of
ultrasound-guided FNA (31-34). Fiber optic instruments and
advanced imaging technology enabled FNA to obtain cells
from almost all anatomical sites, which poses a challenge to
the diagnostic level of cytologists (35, 36). Cell blocks (CB)
are created by absorbing more specimens (Figure 1) by FNA
for ICC and genetic testing (37, 38). CB offers versatility for
diagnostic, prognostic, and predictive assays (39, 40).

Fixation and staining. Cell fixation preserves cells close to
their living state by artificial methods. The purpose of fixation
is to prevent cell autolysis and conserving the original
structure. Methods of cell fixation include wet fixation, dry
fixation, liquid-based cytological fixation and other. Wet
fixation is based on a fresh specimen smear combined with a
fixative solution containing alcohol as the main component in
the wet state. Dry fixation method is defined by smear
naturally drying in air or by heat. For convenience, cell spray
fixator can be used to cover the smear or it could be dropped
directly onto the smear. 95% ethanol is the most used cell
fixator. The smear is fixed for at least 15 min. Polyethylene
glycol can be used as an alternative method for
immobilization. Ether ethanol is comparable to 95% ethanol
but is rarely used today due to toxic effects. Pure methanol, a
fixative containing glacial acetic acid, anhydrous ethanol,
acetone, and 4% neutral buffer formaldehyde solution are
fixatives that can be used in cytopathology. Rapid alcohol
fixation is recommended for Pap stain, which can significantly
improve the interpretability of the results (41). Routine
cervical cytology and pap smears originated in the 1940s and
are accepted as the standard of gynecological care (42, 43).
Staining allows to highlight one part of the tissue and cells
with different color intensities or alternatively use different
colors for different parts, leading to different refractive
indices and subsequently the display of various fine
structures in the nucleus and cytoplasm more clearly.
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Figure 1. Cell block preparation by fine needle aspiration. Fixed with 95% alcohol and paraffin embedded.

Table 1. Influencing factors of cytopathological examination.

Category Influence factor

Patient information
Diseased region

Age and sex, hormone levels, clinical manifestations, medical history, and other test results
Local anatomical knowledge, radiological characteristics, technical limitations, cell volume, cell type,

cell population, cell distribution and adhesion, cell morphology, smear background

Cell characteristics

Other information Cytosurgery, cytogenetics

Electron microscopy, histochemistry, immunocytochemistry, flow cytometry

Cytological staining can be classified into three categories:
conventional cytological staining, special cytological
staining, and immunohistochemical staining. Common
staining methods include HE, Pap, Diff-Quick, and Swiss
staining. The main advantage of Pap staining is that it clearly
shows the fine structure of the nucleus. The cytoplasm is
bright and transparent, reflecting the change in the
differentiation of the cytoplasm (44, 45). Diff-Quick staining
is a fast staining method modified on the basis of Swiss
staining. CellDetect® staining encompasses a dual color
discrimination and a morphological analysis that has the
potential to be one of the most effective methods for cervical
cancer screening and early diagnosis (46). Quality control
should be performed during routine dyeing (47). Many
factors affect the accuracy of cytopathological examination
in clinical work (Table I). Auxiliary examination or auxiliary
combined examination is necessary.

Aucxiliary Diagnostic

Immunocytochemistry. The recognition of benign and
malignant cells in cytopathology is influenced by experience
(Table II) and subjective deviations should be avoided.
Molecular targeted therapy has been increasing in cancer
therapy, especially with recurring and metastasizing tumors,
and is considered the first choice of tumor treatment. For
investigating multiple drug resistance, ICC is required and
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provides a way to investigate related gene and protein
expression levels.

ICC is a useful auxiliary diagnostic in cytopathology (48-
50) and plays a key role in diagnosis, prognosis and in the
identification of predictive markers (51-53). There are four
methods of specimen preparation commonly used in ICC:
direct smear, cytospin, paraffin embedded CB, and liquid-
based thin layer preparation method. CB method is widely
established (54-56). CB is essential for the future of cytology;
more output could be achieved with less material and with a
low degree of invasiveness. Strong evidence indicates that the
combination of conventional cytology and CB improves the
diagnostic accuracy of endosonography with FNA (EUS-
FNA) (57). This approach should be implemented in general
practice, especially where rapid onsite evaluation (ROSE) is
not available. ICC staining is easy to operate, independent of
cell morphology, uncomplicated to read, and can assist the
identification of benign and malignant diseases (Figure 2). CB
in combination with ICC is an effective supplement to
conventional FNA smears, which can further improve the
accuracy of cytopathological diagnosis and facilitate the
selection of preoperative chemotherapy (58).

ICC also has its own limitations: 1) No absolute specific
antibody is available. 2) A considerable number of tumors
lack specific antigen expression. 3) The same antigen can be
expressed in multiple tumors. 4) Related antigens are absent
in some tumors due to low differentiation. 5) In some cases,
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Table II. Morphological differences between benign and malignant cells.

Identify key points Benign cells

Malignant cells

Cell size

Cellular morphology
it is related to tissue types

Nuclear size In the cell cycle range

Nucleo-cytoplasmic ratio

Karyomorphology

Chromatin characteristics

Round, oval or renal
Fine granular, transparent

Within the range of physiological variation
Within the range of physiological changes,

Within the range of physiological variation

Beyond the range of physiological changes
Abnormal

Significant anomaly (nuclear sizes vary)
Enlargement

Morphological and structural abnormalities
Coarse granular, turbid

Nuclear hyperchromatism Rarely seen Common
Nucleolus Small, regular, limited in number Enlarged, irregular in shape, increased in number
Adhesion Good (external lymph nodes, spleen, bone marrow) Bad

Cell-cell junction With the type of organization

Not necessarily abnormal

different antibody titers have different positive results. 6)
Endogenous biotin can lead to false positives. 7) The results
may be inconsistent between different laboratories. There are
still many problems to be solved in quantitative analysis.
Standard and correct technical operation in the immunization
laboratory is the most important premise to ensure the
correct application of ICC. Cytological specimens are mainly
suitable for ICC, but proper optimization and strict quality
control of high-quality stainings are fundamental (59).

Flow cytometry. With the rapid development of modern
medicine, the proportion of diagnostics in clinical medicine
is gradually increasing. The number of new diagnostic tools
is also rising (60). To comprehensively analyze all kinds of
independent diagnostic data to obtain useful information for
clinical treatment is a major challenge to modern medicine.
FCM is a technology used to conduct qualitative and
quantitative analysis and sorting of single cells or biological
particles one by one by multiple parameters in a state of rapid
linear flow. As a technology platform, modern FCM was
developed in the 1960s and 1970s. After about 40 years of
development and improvement, FCM matured. It has been
widely used in all aspects from basic research to clinical
practice, covering the fields of cell biology, immunology,
hematology, oncology, pharmacology, genetics, and clinical
laboratory, playing a major part in various disciplines (61-64).

When carcinogenesis and precancerous lesions with
malignant potential occur in the body, abnormal changes in
DNA content may precede the current state of the tissue. FCM
can accurately detect changes in DNA content by quantifying
the DNA content of precancerous cells and determining the
distribution of cell cycle according to the DNA distribution
square diagram (65, 66). FCM has been successfully used to
detect tumor cells in malignant effusions (67, 68). FCM
combined with morphological analysis and ICC can overcome
the individual limitations of each method and provide reliable
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results in a faster and more efficient manner, thereby
improving the diagnosis and prognosis of breast cancer (69,
70). Intraoperative FCM can evaluate the margins of
pancreatic cancer (71, 72). FCM detection of circulating tumor
cells in portal venous blood is valuable in predicting
postoperative metastasis of pancreatic or periampullary tumors
(73). FCM can be used to diagnose lymphoma subtypes (74-
76). Cerebrospinal fluid FCM can be used to screen for
primary CNS lymphoma (77). FCM is developing towards
high sensitivity, high speed, multiparameter measurement, and
morphological information acquisition (78).

The limitations of FCM are the following: 1) The tissue
structure cannot be addressed and some rare large cells are
difficult to analyze. 2) Some cells are highly adhered and are
difficult to extract by bone marrow puncture. 3) The
prognostic value is lower than that of chromosome and gene
analysis. 4) The equipment is expensive and requires
professional and technical personnel to operate.

Fluorescence in situ hybridization. FISH is a technique that
uses fluorescence-labeled specific nucleic acid probes to
hybridize with corresponding target DNA or RNA molecules
in cells. By observing fluorescence signals under a
fluorescence microscope or confocal laser scanner, the
morphology and distribution of cells or organelles that are
stained after hybridization with specific probes, or the location
of DNA regions or RNA molecules bound to fluorescent
probes in chromosomes or other organelles could be resolved
(79). CellDetect and FISH show equal value in diagnosing
urothelial carcinoma, both are superior to conventional urine
cytology (80). With the rapid scientific and technological
development, more and more FISH probe markers have been
identified, laying a solid foundation for the clinical application
of FISH technology (81). Single fluorescence to multi-color
fluorescence detection is possible, enabling the observation of
cells in mitosis and also in interphase states.
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Figure 2. Immunocytochemistry of cell blocks.

The limitations of FISH are as follows: 1) The numerous
steps are easy to cause signal loss and false negative results.
2) Only qualitative detection is possible, not quantitative. 3)
RNA detection is only an indirect way to infer gene
expression, inconsistent with protein level. 4) Hybridization
cannot be achieved in 100% of cases. Shorter cDNA probes
will result in a significant reduction in efficiency. 5) FISH is
circumstantial and expensive.

Quantitative analysis of cell DNA ploidy. Automatic cell DNA
quantitative analysis system allows the detection of DNA
ploidy of genetic material in the nucleus, the investigation of
the physiological state and pathological cell changes and
allows the evaluation of cancer and precancerous lesions. The
system can be used to analyze a variety of gynecological and
non-gynecological clinical cytological specimens, including
cervical exfoliation specimens, and can also assist the
assessment of healing after tumor treatment (82).

At present, staining and image analysis techniques are used
in the clinical context to measure the DNA content of solid
tumors or puncture specimens. The techniques are applied on
gastroscopy, esophagoscopy, tumor flushing fluid, urine and a
small amount of tissue, to analyze the cell cycle state and tumor
cell alloploidy, one of the most important indicators for
differentiating benign and malignant tumors and determining
early diagnosis of tumors (83). In parallel, DNA ploidy of tumor
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cells is analyzed, and the detection rate of DNA ploidy of tumor
cells is closely related to clinical biological behaviors such as
tumor diffusion and metastasis (84). However, a study has
suggested that DNA ploidy alone is nonspecific and may not be
a good tool for assessing oral cancer prognosis or metastatic
progression (85). The DNA quantitative analysis system can
detect cancer and precancerous lesions earlier than traditional
cytology (86) and predict malignant transformation well. In
addition, when it was combined with dysplasia grading, it gave
the highest predictive value (87). In conclusion, the clinical
application of tumor cell cycle and DNA ploidy analysis can be
used as important indicators for early diagnosis of tumors.

Sequencing. Since Sanger (88) invented the first generation
of gene sequencing technology, the technology has gradually
become an effective method to analyze gene sequences and
was used in the human Genome Project, to map the human
genome (89). Fields of applications include disease diagnosis
and drug development. Characterized by high throughput,
next-generation sequencing (NGS) significantly reduces the
cost of sequencing and advances gene sequencing from a
single locus to the whole genome (90, 91). NGS can be used
in cytopathology, including CBs, direct smears, liquid-based
cytology and supernatants (91, 92). NGS is widely used in
cancers (93). The third generation of sequencing technology,
while maintaining the flux and speed of the second
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generation of sequencing, makes up for the deficiency of the
second generation of sequencing regarding the read length.

Artificial intelligence. A new science named Al, researches
and develops theories, methods, technologies, and application
systems for simulating, extending, and expanding human
intelligence (94). Al has been used as an important ancillary
technique in the diagnosis of lung, breast, colon, and prostate
cancers and has achieved good results (95-97). Advances in
Al image analysis, and deep learning are expanding the ways
in which computational pathology can be applied to
cytopathology (98). Al algorithms have a long history in the
field of urine cytology and some of them have proven superior
to human review results (99). Trained, tested, and validated
models established in other areas of medicine are mature and
can assist the diagnosis of cervical cell images (100). Al has
its unique advantages in assisting pathological diagnosis of
cervical cytology images. Al can significantly reduce the rate
of misdiagnosis and missed diagnosis, classify cells more
accurately, eliminate interference factors in a more robust
manner, and reduce the single slide diagnosis time (101). The
practical application of medical Al has been emphasized but
the interpretability and the methods of operation have not been
addressed. Helping cytopathologists to understand the benefits
of the Al's support and its limitations will contribute to its use
in diagnostics and research (102).

Remote cytopathological diagnosis. Remote cytopathological
diagnosis is a method of using telecommunication technology
to transmit cytological images for tele-diagnosis, teaching,
and research (103). Remote cytopathological diagnosis
involves viewing cytological images on a computer screen
rather than in a traditional bright field microscope. The
requirements are an optical microscope, a high-resolution
digital image acquisition instrument, a computer working
platform, and a remote communication link. The accuracy of
remote diagnosis is also related to the sampling area, image
quality, diagnostic experience of the personnel, and expertise
in viewing images on screens. Using the internet to transmit
static digital images and selecting representative diagnostic
areas from specimens is crucial (104). Currently, remote
cytopathological diagnosis has started to be applied in routine
diagnosis and education in Europe, the United States, and
Japan (105). Camera improvements, software development
and software operation on smart phones make smart phones
effective tools for tele-pathology and tele-cytology (106). The
digital slides generated by full slide scanners are sufficient to
make cytological diagnoses and are comparable with physical
slides observed by clinical pathologists at different
professional levels (107). In cytopathological screening of
cervical cancer, high-resolution digital cytopathological
sections are very important for the interpretation of
pathological cells. The study is expected to help to increase
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cytopathological screening in remote and poor areas where
high-end imaging equipment is not available (108).

Deep learning in cytopathology. In recent decades, the great
advances in image processing and speech recognition based
on deep learning have greatly promoted the development of
quantitative analysis and automatic detection of pathological
images (109). Deep learning is especially useful for very large
and unstructured data sets and is excellent at handling
complex problems such as image classification. Furthermore,
the applications in cytopathology are increasing. Zhang et al.
(110) developed a deep convolutional neural network (DCNN)
system to segment cell clusters and to recognize the
cytopathological sections of cancer cell clusters on images.
The DCNN system is feasible and robust in identifying
pancreatic cancer cell clusters. Deep learning system can
screen urothelial carcinoma cells more accurately than
traditional cytology approaches and includes an evaluation of
the malignant potential of tumors (111). Deep learning
systems in cytopathological screening support urologists to
develop treatment strategies to benefit the patients. Deep
learning models are resistant to changes in the aspect ratio of
cells in cervical cytopathological images (112).

Digital storage. Recent advances in digital pathology have
decreased the effort and increased the availability of pathology
in disease diagnosis, especially in tumor diagnosis. However,
despite the potential to include low-cost diagnostics and viable
telemedicine, digital pathology is not yet available due to
expensive storage, data security requirements, and network
bandwidth constraints for streaming high-resolution images and
related metadata (113).

Conclusion

In conclusion, cytopathology has developed rapidly in recent
years and achieved significant results. Moreover, many research
methods using new technologies have emerged, providing more
methods for the development of cytopathology and the
diagnosis and treatment of clinical diseases. The quality control
of cytopathology is an important mechanism to improve the
diagnosis of cytopathology and the development of a quality
control system will further promote the development of
cytopathology. Cytopathology technology is becoming more
and more automated and standardized. Although ancillary
techniques are fundamental for improving the accuracy and
census rate, their high cost is still a major issue. How to better
learn and use these technologies is key for us.
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