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High neutrophil incorporation rate of ascitic fluid
cytology as an indicator of cancerous ascites
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Abstract. The cell-in-cell phenomenon (CiCP) involves the
incorporation of a viable cell by other cells (host cells) and
includes two concepts: Emperipolesis and cell cannibalism.
The former involves the incorporation of hematopoietic
cells as the incorporated cells, while the latter involves cell
incorporation by tumor cells as host cells. A total of 239
peritoneal cavity fluid cytology specimens were evaluated
for CiCP and the number of singly detectable nuclei (SDN)
were measured by examining virtual slide image files.
The rates of CiCP-positive cases (RCPCs) and CiCP emer-
gence rate (CER)/SDN were significantly higher in ascites
samples than in peritoneal washing samples (P<0.0001 and
P=0.0026, respectively), although the numbers of SDN were
not significantly different between the groups (P=0.8063).
Both the RCPCs and CER/SDN were significantly higher in
tumor-positive specimens than in tumor-negative specimens
(P=0.0220 and P=0.0312, respectively), although the numbers
of SDN were not significantly different between the samples
(P=0.2471). Most of the incorporated cells were lymphocytes
and the host cells were macrophages; however, the rate of
neutrophil incorporation (NI) by host cells in the total CiCP
cells in a sample was significantly higher in tumor-positive
specimens than in tumor-negative specimens (P=0.0288). NI
was mainly performed via emperipolesis by macrophages,
with only six examples not by macrophages observed among
all CiCP samples. The threshold NI rate/total CiCP (NI/CiCP)
between tumor-positive and tumor-negative groups was
11.1% (P=0.0115). Using this threshold, the peripheral blood
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leukocyte count was significantly higher in the high-NIT/CiCP
group than in the low-NI/CiCP group (P=0.0022). The present
findings revealed novel aspects of less frequently observed
CiCP in ascitic fluid cytology by utilizing combined manual
and computer assisted image analysis evaluation of samples.
Notably, the present study indicated the importance of
increased NI as an indicator of cancerous ascites.

Introduction

The phenomenon of ‘living cell incorporation by another cell
(host cell)’ was initially observed in 1925 (1). Humble et al (2)
subsequently named this phenomenon ‘emperipolesis’, a
Greek term meaning ‘inside round about wandering’. One of
the histopathological characteristics of emperipolesis is the
formation of a ‘clear halo” around the engulfed living cells (3).
Emperipolesis is classified into three types: Megakaryocytic,
histiocytic and tumor cell emperipolesis (4). In detail, exam-
ples of emperipolesis include lymphocyte incorporation by
megakaryocytes (5), lymphocyte incorporation by histiocytes
in Rosai-Dolfman's disease (6,7) and neutrophil incorpora-
tion (NI) by cancer cells (8). The most important criterion
for emperipolesis is that the engulfed cells are hematopoietic
cells, such as lymphocytes, plasma cells, erythrocytes or
neutrophils (3,4,8). A similar halo formation around a living
cell incorporated into host cells is also observed in cell canni-
balism; however, in this case the halo-like structure around the
incorporated cells is termed ‘bird's eye’ (9). In cell cannibalism,
the host cells use incorporated cells for their nutritional support
or incorporate immune cells to avoid immune surveillance (9).
Cell cannibalism is frequently observed in several types of
tumor, including lung cancer, breast cancer and renal cell
carcinoma (10,11). In both emperipolesis and cell cannibalism,
cell engulfment involves active penetration into the host
cells (12). By contrast, phagocytosis is a process in which a cell
surrounds and engulfs particles or dead cells (13). Therefore,
the distinct halo formation in cell-in-cell phenomena (CiCP),
including emperipolesis and cell cannibalism, distinguishes
them from phagocytosis.

For cytological specimen evaluation, the focus is
on detection of atypical cells, and background cell
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characteristics, such as components of inflammatory cells, are
rarely considered (14), for example in special tumor cell types
with lymphocyte infiltration such as Warthin tumor of the
salivary glands (15) and seminoma of the testis/dysgerminoma
of the ovary (16). Numerous studies describing emperipolesis
and cell cannibalism are either about experiments that
utilized cytological specimens or case reports (5,8,17-20).
However, in light of recent advancements in other techniques,
including immunocytochemistry, in-situ hybridization and
reverse transcription-quantitative PCR (21), cytological
evaluations should consider other characteristics, focusing on
less frequently observed findings such as CiCP, in addition
to routinely observed characteristics, including cellular
atypia (22).

The present study aimed to analyze human cytological
specimens from the peritoneal cavity for CiCP and to evaluate
its significance in cytological evaluations.

Materials and methods

Ethics approval. The present study was approved by the
Gunma University Ethical Review Board (GUERB) for
Medical Research Involving Human Subjects of Gunma
University School of Medicine, and the written notification
for the current study was presented publicly on the webpage
of Gunma University Hospital. Furthermore, the possibility to
decline participation in this study was provided according to the
Ethical Guidelines for Medical and Health Research Involving
Human Subjects of the Japanese government (Ministry of
Education, Culture, Sports, Science and Technology, and
Ministry of Health, Labour and Welfare) (23). Informed
consent was waived by the GUERB based on the aforemen-
tioned guidelines due to the retrospective nature of the study.

Cases and sample selection. The electronic health record
system of Gunma University Hospital (Maebashi, Japan) was
reviewed, and 239 successive samples of peritoneal cavity
fluid between January 2011 and December 2011 were selected
for cytological specimen collection of Papanicolaou staining
(Pap smear), including ascites and peritoneal washing. A
total of 66 cases were excluded from the present study for
several reasons, including insufficient number of cells or blood
contamination (Fig. 1). The clinicopathological characteristics
of each case are summarized in Table I. The male to female
ratio of the utilized 173 samples was 38 to 135, and the mean
age was 57.22 years (age range, 13-89 years).

Evaluation of specimens, cytological classification
and grouping. Cytological classification was based on
Papanicolaou's classification (Table II) (24). The specimens
with negative cytology, including ‘normal’ and ‘reactive’
cytology, were defined as the ‘negative group’, while the
specimens with suspicious/malignant cytology, including
‘suspicious’, ‘suspicious for malignancy’ and ‘malignant’
cytology, were defined as the ‘positive group’.

Screening and determination of CiCP. CiCP was defined as the
presence of a clear peri-cellular halo of the incorporated cells
inside the host cells (Fig. 2A). Smears from 173 cases, prepared
according to routine hospital protocols, were examined for
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Figure 1. Selected cases and exclusion criteria. A total of 239 cases were
selected from the pathology reporting system, and 66 cases were excluded
from the present study. The exclusion criteria and number of cases excluded
for each criterion are presented.

CiCP by manual screening of a >1-cm? area of the smears. Two
observers independently screened each CiCP candidate on the
glass slides and marked it using a thin-tipped indelible marker.
CiCP candidate cells were imaged under a light microscope
using a x40 magnification (BX51; Olympus Corporation)
and a digital camera (DP-22; Olympus Corporation), and
captured with auto-white balance as a TIFF file (1,920x1,140
pixels) using an image capture software (cellSens Standard
v2.1; Olympus Corporation) and manual focusing. Dead cells
or unclear samples were excluded, while samples exhibiting
a clear ‘peri-cellular halo of incorporated cells inside host
cells’ were selected as CiCP. Furthermore, a cytopatholo-
gist and a cytotechnologist characterized the types of host
cells and engulfed cells on the basis of their morphological
characteristics.

Evaluation of nuclear area (NA) for host cell and incorporated
cell in CiCP. The NA of each host and incorporated cell was
manually traced on the TIFF files and calculated using Image
Pro v10 image analysis software (Nippon Roper K.K.).

Whole-slide imaging and detection of a singly detectable
nucleus (SDN). Whole-slide imaging of specimens was
performed using a Nanozoomer SQ Virtual Slide Scanner
(VS; Hamamatsu Photonics K.K.) with a x40 magnification.
The specifications of the Nanozoomer SQ were as follows:
Objective lens, x20 with 0.75 numerical aperture; scan mode,
x40 mode; maximum capture size, 26x76 mm; pixel size,
0.23 pm/pixel; light source, light-emitting diode; image-saving
format, JPEG with compression; and focus mode, autofocus.
The VS image files were converted to MRXS files using Slide
converter (v1.14; 3DHISTECK Ltd.) and were then analyzed
using Pannoramic Viewer v1.15.4 and the Quant Center
HistoQuant module (both 3DHISTECK Ltd.). For identifica-
tion of a SDN using the aforementioned softwares, two general
protocols were used for small and large cells (10-85 mm?
and 86-150 mm?, respectively) in 100 specimens due to
the processing capacity of the computer used for analysis.
Subsequently, the separately analyzed data were combined.
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Table I. Clinicopathological summary of the cases (n=173) used in the present study.

Organs Histological diagnosis Cases,n
Stomach (n=43) Adenocarcinoma® 41
Gastrointestinal stromal tumor 2
Uterine corpus (n=30)  Endometrioid carcinoma (n=24), serous carcinoma (n=2), mixed carcinoma (n=1) 27
Carcinosarcoma (n=2), endometrial stromal sarcoma (n=1) 3
Ovary (n=25) Serous carcinoma (n=7), endometrioid carcinoma® (n=5), clear cell carcinoma (n=4), 20

Mucinous carcinoma (n=2), malignant brenner tumor (n=1), carcinoma mixed
subtypes (n=1)

Carcinosarcoma (n=2), granulosa cell tumor (n=1), immature teratoma (n=1) 4

Malignant (histology unknown) 1
Cervix (n=20) Squamous cell carcinoma (n=9) and carcinoma in situ (n=2) 11

Adenocarcinoma (n=5) and adenocarcinoma in situ (n=2)

Adenosquamous carcinoma 2
Others (malignant; Adenocarcinoma (rectum n=3, bile duct n=1, pancreas n=1, total n=5), serous 15
n=18) carcinoma (fallopian tube, n=3), squamous cell carcinoma (esophagus n=1, vagina n=1,

total n=2), urothelial carcinoma (bladder, n=2), mucinous neoplasm (appendix, n=1),
Invasive ductal carcinoma (breast, n=1), malignant lymphoma (lymph nodes, n=1)

Carcinoma of unknown origin 3
Others (borderline, Borderline tumors (ovary): mucinous (n=3), serous (n=2), endometrioid (n=1) 6
Precancerous; n=8) Cervical dysplasia: squamous (n=1), glandular (n=1) 2
Others (benign; n=22)  Benign (ovary) teratoma (n=6), epithelial tumor (n=4), sex cord-stromal tumor (n=2), 13

cystic ovary (n=1)

Benign (uterine corpus): leiomyoma (n=6), other lesions (n=3) 9
Unknown (n=7) Unknown 7

“Including one case of double primary adenocarcinoma of the stomach and invasion of adenocarcinoma of the breast in which stomach cancer
was considered to be the source of atypical cells in the ascites. PIncluding two cases of double primary endometrioid carcinoma of the ovary
and uterine corpus in which ovarian cancer was considered to be responsible for the source of atypical cells in the ascites.

Table II. Groups, classification and definitions used in the present study for cytological evaluation (n=173).

A, Negative group

Cytological classification Definition Cases,n
Normal Absence of atypical or abnormal cells 9
Reactive Atypical cells present but without abnormal features 126

B, Positive group

Cytological classification Definition Cases,n
Suspicious Cells with abnormal features suggestive but not conclusive for malignancy 8
Suspicious for malignancy Cells and cell clusters fairly conclusive for malignancy 3
Malignant Cells and cell clusters conclusive for malignancy 27

However, for 26 specimens, different protocols were used for  arising from excessive background mucus, red blood cells,
SDN detection based on the condition of the specimens, for  hemosiderin-incorporated macrophages, pale cells, cell aggre-
example the color of the cells, the background color or debris.  gates or overlapping cells. The CiCP emergence rate (CER)
All image analysis protocols are summarized in Table SI.  per SDN was defined as follows: CER/SDN (%)=total CiCP
A total of 47 specimens were excluded due to impediments  number/total SDN x00.
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Figure 2. Representative CiCP and nuclear area analyses for each cellular component. (A) Representative CiCP cases (Pap staining; magnification, x40).
Nuclear area analyses for (B) outer cells and (C) inner cells of 105 CiCP cases. CiCP, cell-in-cell phenomena; M¢, macrophages; RBC, red blood cell.

Evaluation of white blood cell count. Data on white blood cell
counts of the peripheral blood samples collected at the closest
date before ascites or peritoneal washing sample collection
were extracted from the electronic health record system of
Gunma University Hospital.

Statistical analysis. Statistical analyses were performed using
JMP Pro v12.2.0 software (SAS Institute, Inc.). The associa-
tions between two categorical variables were calculated using
the > test, and the differences between the mean of two
groups were calculated using Welch's unpaired t-test. For
non-parametric comparisons between two groups, Wilcoxon
rank-sum test was used. For multiple pair-wise comparison,
Steel-Dwass test was used. In order to determine the cut-off
value, receiver operating characteristic (ROC) analysis was
performed, and the value that gave the highest sensitivity
and 1-specificity was regarded as the cut-off value. The data
were presented as box plots (median and interquartile range)
or as the mean and SD. P<0.05 was considered to indicate a
statistically significant difference.

Results

Results of manual evaluation and identification of
incorporated cells and host cells in CiCP are associated with
those of the image analysis for NA evaluation. Among the
173 cases examined in the present study, CiCP were detected
in 105 cases. In these cases, as shown in Fig. 2B and C, the
host cells included macrophages, mesothelial cells and cancer
cells, while the incorporated cells included lymphocytes,

neutrophils, eosinophils, mesothelial cells, macrophages,
erythrocytes and cancer cells. A total of 13 cases exhibited cell
cannibalism: Adenocarcinoma of the stomach (3 cases); serous
carcinoma of the uterine corpus (2 cases); serous carcinoma
of the ovary (2 cases); endometrioid carcinoma of the ovary
(1 case); carcinosarcoma of the ovary (1 case); granulosa cell
tumor (1 case); malignant ovarian tumor (histology unknown;
1 case); high-grade urothelial carcinoma (1 case); and carci-
noma of unknown origin (1 case) (Table SII). Comparison of
the NAs of the host and incorporated cells among the groups
revealed significant differences, except for the pairwise
comparison of incorporated cells between erythrocytes and
neutrophils, mesothelial cells and cancer cells, and eryth-
rocytes and lymphocytes (Table SIII). The present results
suggested mutual agreement between the results of manual
evaluation and image analysis.

Rate of CiCP-positive cases (RCPCs) and CiCP emergence
rate (CER) per SDN are significantly lower in peritoneal
washing than in ascites samples. The RCPCs and CER per
SDN were analyzed for both peritoneal washing and ascites
samples. The RCPCs and CER/SDN ratio were significantly
lower in the peritoneal washing samples than in ascites
samples. The percentage of the RCPCs was 45.3% in the
peritoneal washing samples and 79.5% in the ascites samples
(P<0.0001; Fig. 3A). On the other hand, the CER/SDN was
0.006% in the peritoneal washing samples and 0.020% in the
ascites samples, as shown in Fig. 3B (P=0.0026; Fig. 3B). The
average SDN number was 103,906 cells/cm? in the peritoneal
washing samples and 119,508 cells/cm? in the ascites samples,
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but the difference was not statistically significant (P=0.8063;
Fig. 3C). The present results indicated that in ascites, both the
RCPCs and CER/SDN ratio were increased compared with in
peritoneal washing samples, and CiCP was present in visually
undetectable ascites (59% of CiCP-positive cases were derived
from ascites and 41% from peritoneal washing samples) in the
cytological specimens.

RCPCs and CER per SDN are significantly higher in the
cytologically positive group than in the negative group. The
RCPCs and CER/SDN ratio were analyzed for the cytologi-
cally positive and negative groups. Fig. 4A indicated that there
was a significant association between CiCP status and cyto-
logical status (P=0.0220). On the other hand, the CER/SDN
was 0.009% in the negative group and 0.024% in the positive
group, as shown in Fig. 4B (P=0.0312; Fig. 4B). The average
number of SDN, as shown in Fig. 4C, was 107,242 cells/cm? in
the negative group and 144,508 cells/cm? in the positive group,
but the difference was not statistically significant (P=0.2471;
Fig. 4C). The present results indicated that both the RCPCs
and CER/SDN ratio were increased in malignant cytological
samples.

Rate of NI in the total CiCP cells is significantly higher in
the cytologically positive group than in the negative group.
The components of CiCP for host cells and incorporated cells
were evaluated in each case based on the classification of
cytologically positive and negative groups, and summarized in
Table III. Briefly, the rate of incorporated lymphocytes among
the total incorporated cells was significantly lower in the posi-
tive group than in the negative group (P<0.0001; Table III),
while the rate of incorporated neutrophils among the total
incorporated cells was significantly higher in the positive
group than in the negative group (P=0.0288; Table III). By
contrast, the rate of incorporating host macrophages in the
total host cells was significantly lower in the positive group
than in the negative group (P=0.0083; Table III). Except for
cancer cells, rates of the other incorporated cells among the
total incorporated cells and the other incorporating host cells
(such as mesothelial cells) among the total incorporating
cells were not significantly different (Table IIT). Neutrophils
were mostly incorporated by macrophages (data not shown).
However, NI by cells that were not macrophages was seldom
observed (three mesothelial cells and one cancer cell as
host cells). Therefore, the present data suggested that NI by
macrophages, or neutrophil emperipolesis, may be increased
in malignant samples.

High NI rate in CiCP cells implicates cytological malignancy
and high peripheral blood leukocyte (PBL) count. As the NI
rate per total CiCP cells was increased in malignant samples as
shown in Table III, a cut-off value of NI rate was determined per
total CiCP cells to distinguish cytologically positive samples
from negative samples. Firstly, the ROC curve between the NI
rate per total CiCP (NI/CiCP) and cytological classification
(negative or positive) was evaluated. As shown in Fig. 5A and
Table SIV, the cut-off value for NI/CiCP to distinguish the
positive group from the negative group was 11.1%, and the
area under the ROC curve was 0.62409. Samples were clas-
sified according to this cut-off value and the percentages of a

INTERNATIONAL JOURNAL OF ONCOLOGY 57: 1214-1222, 2020

A CiCP(-) Cases CIiCP(+) Cases Total Significance
Peritoneal 52 (54.7%) 43 (45.3%) 95 (100%)
hing  (76.5%) (41.0%) .
PR 16 (205%) 62 (79.5%) 78 (100%) o -0-0001
(23.5%) (59.0%)
68 105 173
Total (100%) (100%)
P=0.0026° = b
B e C 00000 P=0.8063
~ 014 ° ° 600000 . °
g
3 012 8 g 500000
a 2-;2 ° S 400000 8 o
g o ° z 300000 °
2 0.06 a
oy 200000
° 002 o 100000 [ ]
0.00 = 0
Ascites Penk?neal Ascites Pﬁribqntal
washing washing

Figure 3. Analysis of CiCP by sample type. (A) Contingency table of pres-
ence/absence of CiCP by sample type. (B) CER/total SDN by sample type.
(C) Comparison of number of SDN by sample type. The ‘X’ mark indicates
the mean and the box with a horizontal line indicates the median and inter-
quartile range. Error bars indicate maximum and minimum values. Circles
indicate outliers. % test. "Welch's test. CiCP, cell-in-cell phenomena; SDN,
singly detectable nuclei; CER, CiCP emergence rate.
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Figure 4. Analysis of CiCP by cytological group (positive/negative).
(A) Contingency table of presence/absence of CiCP by cytological group.
(B) CER/total SDN by cytological group. (C) Comparison for number of
SDN by cytological group. The ‘X’ mark indicates the mean and the box
with a horizontal line indicates the median and interquartile range. Error bars
indicate maximum and minimum values. Circles indicate outliers. % test.
*Welch's test. CiCP, cell-in-cell phenomena; SDN, singly detectable nuclei;
CER, CiCP emergence rate.

positive cytology rate were compared. As shown in Fig. 5B, the
positive cytology rate was 46.4% in high NI/CiCP specimens
and 20.8% in low NI/CiCP specimens (P=0.0115). The CER
per total SDN was 0.017% in the high NI/CiCP and 0.021%
in the low NI/CiCP specimens, but the difference was not
statistically significant (P=0.4900; Fig. 5C). Fig. 5D presents
the numbers of PBLs at the nearest date before the cytological
sample was collected. The PBL count was 9.30x10° cells/ul
in the high NI/CiCP specimens and 5.84x10% cells/ul in the
low NI/CiCP specimens, but the difference was not statisti-
cally significant (P=0.0724), whereas a statistically significant
difference was observed using the Wilcoxon rank-sum test
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Table III. Components of cell-in-cell phenomena in cytologically negative (n=76) and positive (n=29) groups.
A, Host cells (outer cells)

Mean component ratio, % (SD)
Cells Cytologically negative group Cytologically positive groups P-value®
Macrophages 95.39 (16.88) 76.00 (40.15) 0.0083
Cancer cells 0 23.72 (39.79) <0.0001
Mesothelial cells 4.61 (16.88) 0.29 (1.27) 0.1964
B, Incorporated cells (inner cells)

Mean component ratio, % (SD)
Cells Cytologically negative group Cytologically positive group P-value®
Lymphocytes 68.64 (34.56) 35.82 (35.62) <0.0001
Neutrophils 10.15 (22.80) 17.56 (26.09) 0.0288
Macrophages 8.92 (17.83) 17.09 (29.06) 0.1938
Cancer cells 0 18.44 (35.49) <0.0001
Red blood cells 8.11 (19.55) 10.85 (23.85) 0.2881
Mesothelial cells 3.87 (16.47) 0.26 (1.12) 0.2569
Eosinophils 0.31(2.68) 0 0.5368

*Wilcoxon's rank-sum test.

(P=0.0022). The present findings suggested that a change in
the immune condition of a patient may result in a high NI.

Discussion

In the present study, the term CiCP was used for emperipolesis
and cell cannibalism since both phenomena have similar
mechanisms in terms of the formation of a distinct halo
structure around the incorporated cells in the host cells (4).
Emperipolesis involves hematopoietic cells, whereas cell
cannibalism involves tumor cells (11). Therefore, if the host
tumor cells incorporate hematopoietic cells, the phenomenon
can be termed either emperipolesis or cell cannibalism. In
the present study, cell cannibalism was observed in 13 cases
(Table SIT). Among them, the host tumor cells incorporated
hematopoietic cells in six specimens (data not shown). In
addition, few CiCP were detected that involved mesothe-
lial cells, either as ingested or host cells, although neither
emperipolesis nor cell cannibalism generally involves
mesothelial cells. Therefore, in the present study, CiCP is the
correct term to explain the internalization of viable cells by
host cells.

It is important to recognize the usefulness of image
analysis. The present study focused on NA image analysis
to evaluate manual classification of CiCP by consensus
agreement among the evaluators since reproducibility
of pathological diagnosis is often reported in the litera-
ture (25,26). Image analysis revealed that host cells were
composed of three cell types: Macrophages, mesothelial
cells and tumor cells. The NA of these three cell types was

markedly different from each other. Notably, the NAs of the
incorporated cells were also markedly different among most
of the cell types. In pathological practice, a number of cellular
features, including NA, nuclear shape, nuclear density and
nuclear/cytoplasmic ratio, are used to distinguish one cell
type from another (14). This kind of comprehensive evalua-
tion enables differentiation of cells via manual observation.
However, the present image analysis data suggested that NA
has an important central role in distinguishing cell types.
Manual observation and software-based image analysis can
detect most cells at the level of 10° cells (27). However, in
the present study, a virtual slide-format-based image was
used to count cells, which allowed to count >10° cells in one
sample and to calculate the emergence rate of a low emer-
gence rate phenomenon, such as CiCP. Therefore, virtual
slide-format-based image analysis may provide an improved
method for specimen evaluation.

Finally, the significance of CiCP in patients with cancer
should be discussed. Three notable results were found in
patients with cancer: CER was increased in malignant
cytological specimens of the peritoneal cavity fluid, NI was
increased in malignant cytological specimens and high NI
specimens exhibited a high PBL count. The present results
indicated that CiCP may alter the immune response of a
patient. Macrophages were the main host cell type in CiCP,
and increased CiCP was observed in the tumor specimens.
Historically, macrophages have been classified into several
subtypes according to their activation status (28), frequently
as ‘Thl cytokine-based activation phenotype’ M1 and ‘Th2
cytokine-based activation phenotype’ M2 (29). In general,
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rank-sum test. CiCP, cell-in-cell phenomena; SDN, singly detectable nuclei; CER, CiCP emergence rate; NI, neutrophil incorporation; AUC, area under the

curve.

M1 macrophages are considered as antitumor and immune
promoting, while M2 macrophages are considered as
pro-tumor (30). Tumor-associated macrophages (TAMs) are
predominantly the M2 phenotype and help promote tumor
angiogenesis, tumor survival and tumor metastasis (31).
Additionally, the infiltration of high numbers of TAMs into
a tumor site has been associated with a poor prognosis in
numerous types of tumor (32), including breast (33), pros-
tate (34), endometrial (35) and urinary bladder (36) cancer,
malignant melanoma (37) and malignant lymphoma (38).
Additionally, peritoneal macrophages can acquire an
M2-tumor-promoting function (39). The present findings
suggested that peritoneal macrophages may have an M2 pheno-
type and may incorporate more immune cells and help tumor
cells avoid immune surveillance. The present study could not

definitely determine whether CiCP was one of the characteris-
tics of M2-type macrophages. To the best of our knowledge, no
previous pathology- or cytology-associated study has reported
cytological findings of CiCP, which may be due to the very
low emergence rate of CiCP in specimens. In addition, since
most host cells of CiCP were macrophages in the present
study (Table III), from a cytological viewpoint, an important
finding of the current study was that CiCP in macrophages
may be a novel characteristic of TAMs in ascites of patients
with cancer. Recent studies on tumor immunity have revealed
that tumor-bearing conditions can alter myeloid differentiation
and lead to the induction of TAMs, as well as dendritic cells,
myeloid-derived suppressor cells and neutrophils, to sustain
the immunosuppressive environment of tumor tissues (40-42).
Tumor-associated neutrophils (TANs) promote tumor
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angiogenesis (43) and epithelial to mesenchymal transition (44)
in gastric cancer. In addition, previous clinical studies revealed
that a high neutrophil-to-lymphocyte ratio of PBLs predicted
an unfavorable disease-specific survival (45,46). In addition,
Araki et al (47) reported that a low absolute lymphocyte count
in PBLs revealed a poor prognosis in patients with advanced
breast cancer. The aforementioned reports suggest that the
pro-tumor function of TANs, as well as an increased neutro-
phil ratio in PBLs, can lead to a poor prognosis. In the current
study, the increased number of PBLs was one of the reasons for
increased NI in tumor ascites. Notably, there are no reports on
CiCP involving NI by macrophages, although NI by tumor cells
has been demonstrated in numerous types of tumor, including
anaplastic carcinoma of the gall bladder, adenocarcinoma of
the small intestine and pancreas, infiltrating duct carcinoma of
the breast, squamous cell carcinoma of the larynx, small cell
carcinoma of the lung and malignant lymphoma (8).

In conclusion, the present findings shed light on
tumor-immunity-associated phenomena, especially since
increased emperipolesis by macrophages in a tumor microen-
vironment may allow to detect novel characteristics of TAMs
in the peritoneal cavity fluid. Therefore, during cytological
specimen screening for atypical cells, it is very important to
observe other background findings such as emperipolesis and
cannibalism, in addition to atypical cells. In the present study,
macrophage characteristics, such as M1/M2 polarization,
were not further investigated. Therefore, future studies should
investigate macrophage characteristics using freshly collected
ascites.
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