
Abstract. Background/Aim: The aim of the present study
was to describe a double immunocytochemical staining
method for detecting free cancer cells after rectal cancer
surgery and to evaluate their extent and prognostic role.
Materials and Methods: Immunocytochemistry was
performed using antibodies against cytokeratin 20/caudal-
typehomeobox transcription factor 2 (CDX2) and mucin
glycoprotein-2 (MUC2)/p53 protein. The study included 29
patients with infraperitoneal rectal cancer who underwent
bowel resection and four controls. The pelvic lavage was
retrieved at the start of laparotomy, after total mesorectal
excision and after abdominal lavage with sterile water.
Results: Free cancer cells were detected with the double
immunocytochemical method in the two controls with
carcinomatosis and one control with sigmoidal cancer. None
of the patients with rectal tumours had presence of free
cancer cells. Conclusion: Immunocytochemical analysis of
peritoneal lavage was feasible and negative in patients with
infraperitoneal rectal cancer. Further studies are encouraged
to investigate the clinical relevance in cases with free cancer
cells after incomplete total mesorectal excision.

Advances in oncological treatment and meticulous specimen-
oriented total mesorectal excision (TME) have improved
local and distant tumour control in patients with rectal
cancer. An incomplete mesorectal excision has been reported
to occur in up to 57% of patients undergoing rectal cancer
resection and occurs more commonly after abdomino-

perineal excision (APE) than after anterior resection (1).
Involvement of the circumferential resection margin (CRM)
has, in numerous studies, been correlated to an increased risk
of local recurrence (2, 3). There are, however, studies
demonstrating no correlation of CRM involvement and local
recurrence, implying that involvement of the CRM results in
local recurrences only when the mesorectal excision is
incomplete (4, 5). Recurrence after incomplete mesorectal
resection with defects in the mesorectal fascia (MRF) could
be a result of direct tumour spillage or disruption of tumour-
containing blood or lymphatic vessels in the MRF. 

In order to detect cancer cells in peritoneal lavage,
different methods have been used, resulting in a wide variety
of reported positive rates. In most studies on colorectal
cancer, 5-25% of patients had peritoneal lavage positive for
cancer cells (6-8). The most commonly used method is with
conventional Giemsa staining and might be sufficient in the
presence of peritoneal carcinomatosis but is insensitive in the
detection of free cancer cells in peritoneal lavage in the
absence of peritoneal metastases (9). The polymerase chain
reaction technique which detects Kirsten ras 2 (K-RAS)
mutations can be used to detect tumour cells in peritoneal
lavage; however, only 15-33% of rectal cancers have a
mutation in the K-RAS gene (10). Immunocytochemical
analysis of several different proteins (cytokeratin 20,
carbohydrate antigen19-9, epithelial cell adhesion molecule
BER-EP4, C1P83 antigen, LU5 antigen) has also been used,
however, with inconsistent tumour cell detection rates (11). 

In order to increase the sensitivity of the cytological
detection of cancer cells, a double immunocytochemical
staining method can be used. Tumour cells are then identified
with two different markers applied simultaneously to the
same sample. To our knowledge, use of double
immunocytochemistry of pelvic lavage has not been reported. 

A positive peritoneal lavage in colorectal cancer is a
negative prognostic factor (11). However, the role of pelvic
lavage as a surgical quality marker in infraperitoneal rectal
cancer is unclear. We hypothesised that pelvic lavage would
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be negative in all patients with infraperitoneal rectal cancer
and, furthermore, that pelvic lavage would be negative after
complete TME without injury to the mesorectal fascia. 

The aim of the study was to describe the double
immunocytochemical staining method and to evaluate the
occurrence and prognostic role of free cancer cells in pelvic
lavage in patients with infraperitoneal rectal cancer. 

Materials and Methods

Patients and surgery. Between 2012 and 2014, 29 consecutive
patients with rectal cancer planned for anterior resection, APE or
Hartmann´s procedure were included prospectively at the
Västmanland’s Hospital Västerås, Sweden. In addition, two patients
with peritoneal carcinomatosis of colorectal cancer origin, two with
sigmoidal cancer with macroscopically suspected serosal
involvement and one with a distal rectal cancer that was not
resected were included as controls. 

A midline laparotomy was performed in all cases and the
surgeon’s assessment of serosal involvement of the tumour was
registered. Prior to the start of the dissection, the pelvis was washed
with 250 ml of saline solution which was thereafter completely
aspirated as sample 1. After completion of the TME, performed by
three experienced colorectal surgeons, the surgical field was once
again washed with 250 ml of saline solution that was aspirated
completely as sample 2. In all cases the APE was performed as an
extralevator APE. 

The pelvic and abdominal cavity were rinsed with two litres of
heated (37˚C) sterile water for 5 minutes in all cases after tumour
resection. Following the removal of all sterile water, once again 
250 ml of saline solution were instilled in the pelvic cavity and
aspirated as sampl -3. 

The completeness of the MRF was graded using the Quirke
classification into mesorectal, intramesorectal and muscularis
propria planes (1). 

All patients were routinely monitored with computed tomography
of the thorax and abdomen year one and three after surgery and by
clinical examination, including rigid sigmoidoscopy, yearly during
the first three years. A local recurrence was defined as the presence
of tumour clinically, radiologically or histologically in the pelvis or
perineum irrespective of the presence of distant metastases. 

The date and cause of death were acquired from the Swedish
Cause of Death Registry. 

Sample treatment. The aspirated fluid was centrifuged at 1,200 ×g
for 10 min and the supernatant was poured off. The pellet was re-
suspended in 3-8 ml of a hemolytic agent (ThinPrep CytoLyt
Solution; Hologic Ltd., Manchester, UK). After 10 min, the sample
was centrifuged again at 1200 × g for 10 min. Depending on the
amount of blood, the process was repeated. The pellet was finally
re-suspended in EnVision FLEX Wash Buffer (20x) (Dako,
Glostrup, Denmark) to a volume of 600 μl. The sample was placed
in six chambers (100 μl in each) and was centrifuged at 30 × g for
5 min. All the slides were air-dried and kept at −70˚C wrapped in
paraffin film. Six slides were created in order to create an optimal
cell volume, but only three randomly selected slides were further
analysed. 

Immunocytochemistry was performed by using the Autostainer
link FLEX system (Dako) with the help of PT link (Dako) for

antigen retrieval. In order to identify tumour cells, a panel of four
antibodies was used. Antibodies to the epithelial marker cytokeratin
20 (CK20. clone Ks20.8; Dako), which stains normal colorectal
epithelia (12), together with the caudal-type Homeobox transcription
factor 2 (FLEX Monoclonal Mouse Anti-Human CDX2 Clone
DAK-CDX2; Dako), which stains the nuclei of normal colonic
epithelium, were used in the first panel to detect cells of colorectal
origin (13). Antibodies to mucin glycoprotein-2 (MUC2, clone
Ccp58; Novocastra, Newcastle Upon Tyne, UK) and p53 protein
(p53, clone DO-7; Dako) were used in the second panel to identify
neoplastic change in cells of colorectal origin (14, 15). p53 and
CDX2 stained the nuclei using 3,3´-diaminobenzidine (DAB) as
chromogen while permanent red chromogen labelled the
cytoplasmic markers CK20 and MUC2. 

Slide 1 was stained with haematoxylin & eosin. Slide 2 was
stained a combination of antibodies to CK20 and CDX2. In cases
with cytokeratin with/without CDX2-positive cells, slide 3 was
stained with antibodies to MUC2 and p53.

Definitions. In sample 1, the presence of CK20/CDX2-positive cells
was interpreted as a tumour cell as long as the bowel wall was
intact/not transected. In samples 2 and 3, the addition of MUC2/p53
positivity with morphologically atypical cells was required to
identify tumour cells. An isolated cytoplasmic fragment with weak
CK20 or MUC2 staining or free nucleus with weak CDX2 or p53
staining was considered as an artefact. 

Results

The clinical, surgical and histopathological characteristics of
all patients are summarized in Table I.

All patients were staged pre-operatively with magnetic
resonance imaging of the pelvis and computed tomography of
the thorax/abdomen. In total, 15 (52%) patients received
preoperative radiotherapy and 7 (24%) preoperative chemora-
diotherapy. When concomitant chemotherapy was not
administered, most patients underwent short-course
radiotherapy (5 Gy×5 in 1 week) followed by immediate or
delayed surgery (8 weeks after the completion of radiotherapy).
All tumours were situated below the peritoneal reflection. 

Controls. Sample 1 revealed cancer cells (atypical and
CK20/CDX2-positive cells) in one of the two patients with
sigmoidal cancer with macroscopically suspected serosal
involvement (Figure 1A). There were no cancer cells in the
control patient with infraperitoneal rectal tumour. 

In the two patients with peritoneal carcinomatosis of
colorectal cancer origin, the presence of cancer cells was
confirmed by both H&E staining (Figure 1B) and
immunocytochemical analyses: CK20/CDX2 (Figure 1C)
and MUC2/p53 (Figure 1D). 

Patients who underwent resection for rectal cancer. Sample
1 contained a variable number of mesothelial cells. In one of
the patients with rectal tumours, few cells stained positively
for CK20/CDX2 (Figure 2A) and MUC2 (Figure 2B);
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however, the morphology did not highlight the presence of
atypical cells. Further review of the patient chart revealed
that at the start of the rectal surgery prior to sampling the
patient was operated on with a closure of a temporary stoma. 

Sample 2 displayed large numbers of inflammatory cells.
In four patients, CK20/CDX2 staining was positive;
however, none had positive staining for MUC2/p53.
Morphological assessment was negative in all. 

In the sample 3, the number of mesothelial and
inflammatory cells was lower than in the other samples.
There was also clear evidence of cell lysis. No cells stained
positively for cancer cell markers. 

Follow-up. All patients except one were followed-up for at
least 24 months or until death. The median follow-up time
was 36 (range=12-36) months. Adjuvant chemotherapy was
administered to 18 patients (62%), of whom five received
less than 50% of the planned 6-month treatment. Three
patients (10%) developed metastases (lung metastases in two
patients with simultaneous liver metastases in one). None of
the patients developed peritoneal disease and there were no
local recurrences. 

Discussion

The double immunocytochemical staining with CK20/CDX2
and MUC2/p53 readily identified colonic cancer cells in the
controls with peritoneal carcinomatosis. The method also
identified tumour cells in one of the controls with sigmoidal
cancer with serosal involvement. In the other control with
sigmoidal cancer, the presence of free tumour cells was not
shown. However, as previous studies have indicated, not all
colonic cancers with serosal engagement lead to the presence
of free cancer cells in peritoneal lavage (16). Furthermore,
isolated cells of colonic epithelial origin can be detected with
CK20/CDX2 and MUC2 staining as a result of exposure of
the mucosa at the stapler line during rectal transection. 

None of the patients with infraperitoneal rectal cancer had
isolated cancer cells in their pelvic lavage after a TME
without injuries to the MRF, underlining the importance of
an undamaged MRF.

The role of local tumour spread in patients with
incomplete mesorectal excision should be further evaluated
in order to detect those in need of additional oncological
treatment or intensified follow-up. 
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Table I. Clinical, surgical and histopathological characteristics of patients with rectal cancer included in this study (n=29).

Characteristic                                                                                           Subgroup                                                                            Value

Age (range), years                                                                                                                                                                          71 (46-81)
Gender, n (%)                                                                                          Male                                                                                  23 (79)
                                                                                                                 Female                                                                               6 (21)
Distance to anal verge (range), cm                                                                                                                                                 3 (0-60)
Pre-operative radiotherapy n (%)                                                                                                                                                     15 (52)
Pre-operative chemoradiotherapy, n (%)                                                                                                                                          7 (24)
Bowel resection, n (%)                                                                           Anterior                                                                            15 (52)
                                                                                                                 Abdomino-perineal excision                                           14 (48)
Intra-operative bowel perforation, n                                                                                                                                                     0
Tumour below peritoneal reflection, n (%)                                                                                                                                    29 (100)
Complete tumour response, n (%)                                                                                                                                                    4 (14)
Mesorectal fascia grading, n (%)                                                           Mesorectal plane                                                              28 (97)
                                                                                                                 Intramesorectal plane                                                         1 (3)
                                                                                                                 Muscularis propria plane                                                     0
Tumor differentiation, n (%)                                                                  Well/moderately differentiated                                        22 (76)
                                                                                                                 Poorly differentiated                                                         3 (10)
                                                                                                                 Missing data                                                                      4 (14)
T-Stage, n (%)                                                                                         pT0                                                                                     5 (17)
                                                                                                                 pT1                                                                                     3 (10)
                                                                                                                 pT2                                                                                   10 (35)
                                                                                                                 pT3                                                                                    11 (38)
N-Stage, n (%)                                                                                        N0                                                                                     22 (76)
                                                                                                                 N1                                                                                      7 (24)
                                                                                                                 N2                                                                                          0
Lymphatic invasion, n (%)                                                                                                                                                                9 (31)
Venous invasion, n (%)                                                                                                                                                                     11 (38)
Perineural invasion, n (%)                                                                                                                                                                  1 (3)
Circumferential resection margin (range), mm                                                                                                                             4 (0.2-17)
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Figure 1. Immunocytochemistry of abdominal lavage. A: Sigmoidal cancer with cytokeratin 20/(CK20) caudal-type homeobox transcription factor
2 (CDX2)-positive cells. B: Atypical cells of peritoneal carcinomatosis with haematoxylin-eosin staining. C: Peritoneal carcinomatosis with
CK20/CDX2-positive cells. D: Peritoneal carcinomatosis with mucin glycoprotein-2/p53-positive cells. 

Figure 2. Immunocytochemistry of pelvic lavage. A: Colonic epithelium with cytokeratin 20/caudal-type homeobox transcription factor 2-positive
cells. B: Colonic epithelium with mucin glycoprotein-2-positive cells. 



The reported differences in local recurrence after rectal
cancer surgery could be explained by differences in the
populations studied, or in oncological and surgical strategies
(17-19). A TME of poor quality with tears and defects in the
MRF increases the risk of local recurrence (1). The cause of
local recurrence due to tearing/defects of the MRF can be
explained by tumour spillage. However, medical oncologists
have not yet included the grading of MRF involvement or
infraction as a risk factor for recurrence. 

As we previously reported a low frequency of local
recurrences after TME for rectal cancer as a result of tailored
oncological treatment and TME with excellent mesorectal
grading (5), we did not expect any free cancer cells in the
pelvic lavage after TME. In the present study, all specimens
except one (muscularis propria plane) had a complete MRF
according to the Quirke classification. In accordance with
this, the double immunocytochemical method did not reveal
the presence of any tumour cells. 

In one patient with rectal cancer, a few MUC2-positive
and CK20/CDX2-positive cells in sample 1 were observed.
The origin of these cells was initially unclear. However, after
a review of the surgical notes, the origin of MUC2- and
CK20/CDX2-positive cells was identified as contamination
by colonic cells during closure of a loop colostomy prior to
sampling. 

Study limitations. There was a variable amount of blood in
the samples, therefore requiring different amounts of pre-
treatment with CytoLyt solution, possibly affecting the
morphology and the antigenicity of the tumour cells (20, 21).
We did not make any specific attempt to adjust the number
of slides based on the cell density, resulting in a variable cell
density in different patients. A standardization of the cell
density might result in better quality slides but is time-
consuming and not applicable in routine practice.
Furthermore, only one histological control for each
immunocytochemical series of automated staining was used
for practical reasons. Usage of a positive control for each
sample is not feasible in routine practice. However, based on
the positive controls, the staining method used in this study
could be considered appropriate. 

This double-staining method could in selected cases prove
useful. For example, in cases with an incomplete TME, a
positive sample could indicate the need for further
oncological treatment or, in cases with locally advanced
tumours with an increased risk of recurrence, be used to
select those in need of intensified follow-up. 

Conclusion

In conclusion, double immunocyotochemical staining of
pelvic lavage is feasible. In patients with infraperitoneal
rectal cancer, the pelvic lavage was negative and no free

cancer cells were detected after complete TME. However,
further studies are encouraged to investigate the clinical
relevance in cases with free cancer cells after an incomplete
TME. 
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