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Abstract

Background—_Circulating epithelial cell (CEC) isolation has provided diagnostic and prognostic
information for a variety of cancers, previously supporting their identity as circulating tumor cells
in the literature. However, we report CEC findings in patients with benign, pre-malignant, and
malignant pancreatic lesions using a size-selective filtration device.

Study Design—Peripheral blood samples were drawn from patients found to have pancreatic
lesions on preoperative imaging at a surgical clinic. Blood was filtered using ScreenCell® devices,
which were evaluated microscopically by a pancreatic cytopathologist. Pathological data and
clinical outcomes of these patients were obtained from medical records over a one year follow-up
period.

Results—Nine healthy volunteers formed the control group and were found to be negative for
CECs. There were 179 patients with pancreatic lesions that formed the study cohort. CECs were
morphologically similar in patients with a variety of pancreatic lesions. Specifically, CECs were
identified in 51 of 105 pancreatic ductal adenocarcinomas (PDAC) (49%), 7 of 11 neuroendocrine
tumors (64%), 13 of 21 intraductal papillary mucinous neoplasms (62%), and 6 of 13 patients with
chronic pancreatitis. Rates of CEC identification were similar in patients with benign,
premalignant, and malignant lesions (p=0.41). In addition, CECs findings in PDAC patients were
not associated with poor prognosis.

Conclusions—While CECs were not identified in healthy volunteers, they were identified in
patients with benign, premalignant, and malignant pancreatic lesions. The presence of CECs in
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patients presenting with pancreatic lesions is not diagnostic of malignancy, nor is it prognostic for
patients with PDAC.

Methods

Pancreatic lesions are being identified with increasing frequency due to improvements in
imaging and widespread use of computed tomography (1). Determining the malignant
potential of these lesions can be challenging and currently requires further imaging, invasive
tissue sampling, or surgical resection. Peripheral blood testing for circulating epithelial cells
(CECs) has been studied in several solid organ malignancies to obtain diagnostic and
prognostic information (2, 3). These cells in the peripheral blood are frequently referred to
as circulating tumor cells (CTCs) due to their reported association with a known
malignancy.

Circulating epithelial cells (CEC) have previously been described as cells from a primary
lesion that have acquired the ability to enter the circulation (4). When identified in patients
with a primary malignancy, they are thought to represent cells in transit with the potential to
establish distant metastases. CECs have been identified in patients with breast, lung, and
colorectal cancers at various clinical stages (2, 3, 5-8). Previous studies have reported an
association between CEC presence and poor prognosis using a single blood test and with
serial testing over treatment regimens (6, 7, 9). Identifying CECs in pancreatic ductal
adenocarcinoma (PDAC) patients and animal models has been described previously with
varying success (7, 10-13).

Detection of CECs in peripheral blood samples of cancer patients has been performed using
several different cell isolation techniques (14, 15). Peripheral blood CEC isolation can be
performed using cytometric or immunologic techniques based on immunocytochemical
staining with monoclonal antibodies against epithelial proteins. Each technique varies in
level of technical complexity and cost. One technique described by Desitter and colleagues
uses ScreenCell® devices to isolate CECs based on their large size compared to other cells
in the circulation. Once isolated, these cells can be evaluated by a cytopathologist.

This study evaluates the CEC findings in patients with pancreatic lesions using the
ScreenCell® technique. The primary aim of this study is to determine if CECs can be used
to diagnose pancreatic malignancy, specifically PDAC, in preoperative patients with a
pancreatic lesion. The secondary aim of this study is to determine if the presence of CECs in
PDAC patients is associated with worse prognosis based on histology or clinical outcomes.

Study Design

This is a prospective cohort study of patients presenting to an academic surgical clinic with a
pancreatic lesion. These patients presented for operative evaluation for procedures
performed between October 2011 and October 2013, and medical records were reviewed for
follow-up period of one year. Nine healthy volunteers were also included in this study as a
control group. Informed consent was obtained prior to blood draws in accordance with
Massachusetts General Hospital IRB. Peripheral blood samples were obtained for CEC
assessment using the ScreenCell® technique prior to operative intervention or chemotherapy
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and processed through the filtration devices within 3 hours (16). Clinical, pathologic, and
radiologic data were obtained from the medical record including vital status.

Inclusion criteria for this prospective study was attendance to the surgical clinic and a
diagnosis of a pancreatic lesion. All patients were seen by a pancreatic surgeon for potential
operative intervention of resection, diagnostic laparotomy, or palliative bypass. Only adult
patients, over the age of 18 years, with pathologic specimens reviewed at our institution
were included in this study. Patients with a pathologic diagnosis of PDAC were identified
for further subgroup analysis. All patient information was collected until the patient expired,
was lost to follow-up, or until the end of the study period. Controls included healthy
volunteers at least 18 years of age who had no known history of malignancy or pancreatic
disease.

Obtaining Clinical and Pathologic Data

Patient demographic information including age, sex, and race was obtained from the
electronic medical record. Radiologic, pathologic, and clinic notes were reviewed to obtain
data on tumor characteristics (tumor type, size, histologic grade, tumor invasion, and lymph
node status), disease progression, and treatment plans. Date of death was determined using
the electronic medical record. Time to progression is reported for resection patients from
time of resection to time to diagnosis of metastatic or recurrent primary tumor growth. Time
after last recorded clinic visit was censored for survival analysis.

Testing for CECs

After being filtered through the ScreenCell® (Paris, France) filtration devices according to
the manufacturer’s instructions, slides were prepared with Giemsa stain (Haem 3, Fisher®
USA) or toluidine blue stain. CEC identification on the stained filter slides was performed
by a pancreatic cytopathologist who was blinded to the final histologic diagnosis of the
pancreatic lesion. Slides were interpreted as non-diagnostic/negative, suspicious, or positive
(malignant-appearing) for CECs based on established cytomorphologic criteria for
pancreatic carcinoma (17). Malignant-appearing CECs were epithelioid cells with markedly
enlarged (8-20x filter pore size) irregular, hyperchromatic nuclei and scant, well-defined
cytoplasm (Figure 1A) or smaller epithelioid cells (2-7 x filter pore size) with round to oval
nuclei, occasional nuclear groove and ill-defined but visible cytoplasm in small (Figure 1B)
or large clusters (Figure 1C). Cells suspicious for CECs were enlarged, clumped cells with
molded nuclei but poorly defined or absent cytoplasm (Figure 1D).

Data Analysis

Data was assessed for normality and missing values. Univariate analysis was performed
comparing CEC positive and non-diagnostic (negative or suspicious) patients. Fisher exact
test and general trend test was used to compare categorical data. Continuous normal data
was described with mean and standard deviation and compared using t-test. Survival and
time to disease progression analysis was depicted using Kaplan Meier curves and compared
using Wilcoxon log rank test. Time to disease progression describes time to recurrence at the
surgical resection site or identification of metastatic disease from time of resection.
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Statistical analysis was performed using SAS 9.4 (SAS Institute Inc., Cary, NC, USA). a
<0.05 with two tail testing was used.

Description of Cohort

Nine healthy volunteers and 179 patients with pancreatic lesions were evaluated for the
presence of CECs. Patients included in the study had a variety of benign, pre-malignant, and
malignant pancreatic lesions identified on histology, including PDAC (59%), intraductal
papillary mucinous neoplasm (12%), chronic pancreatitis (7%), neuroendocrine tumor (6%),
cholangiocarcinoma (5%), ampullary lesions (4%), and other lesions (7%). The other
pancreatic and peri-pancreatic lesions included serous cystadenoma, mucinous cystic
neoplasm, solid pseudopapillary neoplasm, splenic epidermoid cyst, duodenal polyp and
cancer, and B-cell lymphoma.

Circulating Epithelial Cells

No healthy controls were found to have suspicious or malignant-appearing CECs. For all
patients with pancreatic lesions, 58 (32%) were negative for CECs, 94 (53%) had malignant-
appearing CECs, and 27 (15%) had cells suspicious CECs. Table 1 describes the distribution
of CECs found in patients with different final histology. Patients with pancreatitis had
malignant-appearing CECs in 6 (46%) and suspicious CECs in 4 (23%) of 13 cases. Thirty-
eight percent of patients with IPMN did not have CECs and 62% had malignant appearing
CECs. Malignant-appearing and suspicious CECs were identified in patients with PDAC in
49% and 19% of cases, respectively.

The pancreatic lesions were grouped into three categories for comparison 1) inflammatory
lesions, including pancreatitis, 2) neoplasia/premalignant lesions, including mucinous cystic
neoplasm, serous cystic neoplasm, duodenal adenoma, ampullary adenoma, non-invasive
intraductal papillary mucinous neoplasm, and well-differentiated neuroendocrine tumor, and
3) malignant lesions, including PDAC, metastatic or invasive neuroendocrine tumor, solid
pseudopapillary neoplasm, invasive intraductal papillary mucinous neoplasm,
cholangiocarcinoma, duodenal adenocarcinoma, ampullary adenocarcinoma, and lymphoma.
One patient was found to have a splenic epidermoid cyst, which was excluded from this
comparison. The distribution of circulating epithelial cell findings of these groups and the
control group can be seen in Figure 2. There is no difference in the distribution of CECs
(non-diagnostic versus positive) among these three groups (p=0.41).

Malignant-appearing CECs had a similar appearance regardless of the pancreatic lesion
histology. In addition, all of the CECs were histologically similar to fine needle aspiration
biopsy samples of diagnostically malignant cells of conventional PDAC. Figure 3 illustrates
representative slides of malignant-appearing CECs from patients with different final
histology, including patients with PDAC, neuroendocrine tumor, and chronic pancreatitis. A
fine needle aspiration biopsy cytology slide from a patient with PDAC is also shown for
comparison.
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Subgroup Analysis: PDAC Patients

There were 105 patients that underwent CEC testing from the surgical clinic who were
found to have PDAC on final pathology. The mean age of PDAC patients was 68 +/- 10
years with a range of 43 to 87 years old, and 54 patients were male (51%). The mean tumor
size was 3.6 +/- 1.6 cm. Fifty-seven percent of PDAC tumors were found to be moderately
differentiated, and rates of perineural invasion, small vessel invasion, and large vessel
invasion were 86.8%, 56.8%, and 54.7%, respectively. Sixty-nine percent of PDAC patients
had positive lymph nodes.

Fifty-one of 105 PDAC patients (49%) were found to have malignant-appearing CECs on
cytologic analysis, and 34 PDAC patients (32%) were found to be negative for CECs. There
were no statistically significant differences between the CEC positive and negative patients
as seen in Table 2. The mean age of patients with malignant-appearing CECs was 68 +/-9.6
years, and 51% of these patients were male. The average size of tumor was 3.5 +/- 1.4 cm
and 3.3 +/- 1.5 cm in the CEC positive and negative patients, respectively. There was no
association between presence of malignant-appearing CECs and poor prognostic markers,
including neurovascular invasion or tumor differentiation (Table 2). The location of the
tumor had no correlation to the presence of malignant-appearing CECs, and the frequency of
tumors in the head of the pancreas with CEC positive cases (76.5%) was no different than in
CEC negative patients (70.6%). A similar percent of patients presented with resectable
disease with 72.5% versus 82.4% undergoing pancreatic resection in the malignant-
appearing and negative CEC groups, respectively. Presence of malignant-appearing CECs
was not associated with advance T, N or M stage. Malignant-appearing CECs were found in
PDAC patients with stages la-1V (Figure 4). Twenty-two percent of malignant-appearing
CEC patients died during the study period compared to 24% of CEC negative patients.
Censored survival analysis revealed no difference in overall survival (p=0.69) or disease
progression (p=0.51) between the two groups (Figure 5a and 5b).

Discussion

While CECs were not found in healthy patients without a history of pancreatic disease, this
study shows that CECs may be detected in patients with a variety of benign, pre-malignant
and malignant pancreatic lesions. The appearance of the malignant-appearing CECs was
similar to the appearance of conventional PDAC on fine needle aspiration biopsy, regardless
of the pancreatic lesion histology. Nearly half of patients with PDAC were found to have
malignant-appearing CECs. However, the presence of CECs was not associated with a
specific stage of disease or poor prognostic features on histology. Furthermore, PDAC
patients with and without CECs had similar overall survival and time to progression of
disease during a median follow-up period of one year.

Previous studies have reported that CEC isolation could be used as a liquid biopsy tool for
several types of cancers including pancreatic cancer (2, 18-21). However, the low yield of
antibody-dependent CEC isolation techniques made the test less useful for clinical
diagnostic purposes (22-24). While this study reveals that the ScreenCell® technique has an
improved CEC capture rate of 49% in PDAC patients, our study shows that the CECs
defined by cytologic criteria alone may not be diagnostic of malignancy. Although healthy
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control patients did not have CECs, patients with a variety of benign, premalignant, and
malignant pancreaticobiliary lesions were found to have CECs in the peripheral blood. Until
these cells are further characterized and identified with molecular and long-term outcome
analysis, the identification of CECs by cytopathologic evaluation alone cannot confirm a
diagnosis of PDAC.

In addition, isolated CECs identified in a pretreatment blood sample were not able to
provide prognostic information in PDAC patients. Ma et al. summarize findings from
studies over a decade who report that there is potential benefit of using PDAC CECs for
prognostic purposes (9). Many studies evaluating the utility of CECs for prognostic purposes
evaluate multiple time point sampling, including pre and post treatment or intraoperative
evaluation of CECs (12, 24-29). Our study describes the use of a single pretreatment
peripheral blood sample for CEC identification. Single sample pretreatment testing for
CECs did not provide information regarding PDAC patient prognosis including overall
survival or time to disease progression.

The findings of this study call into question the origin and function of cells in the peripheral
blood classified as CTCs and CECs. What is interesting and different from the automated
immunofluorescence antibody identification is that cells were evaluated by an expert
pancreatic cytopathologist and scored according to standards of cytologic and nuclear atypia
used to clinically diagnosis malignancies. These cytologic criteria have a long history of
accuracy in identifying malignancy (17). However, it remains unclear if these cells
identified in patients with benign pancreatic pathology represent sub-clinical undiagnosed
cancer from another location, or from a prior malignancy. It is also possible that these
malignant appearing CECs may precede the formation of pathologically defined invasive
cancer suggesting that these CECs may be a biomarker for lesions destined to become
invasive cancer. Longer term follow-up is needed to explore these hypotheses.

Rhim et al using a different geometrically enhanced differential immune-capture (GEDI)
microfluidic platform detected CECs from 33% of patients with Sendai negative IPMNs
(Rhim 2014 Gastroenterology). These observations in addition to work in genetically
engineered mouse models in which CECs were identified in advance of invasive PDAC
suggest that these cells may represent early occult cancer cells (Rhim et al Cell 2012). It is
possible that in benign disease CECs are released into the circulation as part of an
inflammatory response; however, their strikingly similar appearance to PDAC fine needle
aspiration specimens suggests these cell are more than just cytologic atypia resulting from
inflammation. Further molecular or genetic evaluation of these cells may provide insight
into their significance.

The findings of this study must be considered in light of some important strengths and
limitations. First, all specimens in our study population were prospectively collected and
confirmed by pathology, allowing us to compare patients with benign, premalignant or
malignant lesions. Second, cells captured on the filtration device could be cytologically
characterized by an expert cytopathologist using standard methods that clinically define
malignancy. However, this study was unable to define the significance of CECs in patients
with no known malignancy over the one year study period. The surgical patient population
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included in this study markedly differs from the patient populations of previous studies
revealing potential prognostic significance of CTCs including fewer patients with metastatic
disease (28, 30). Furthermore, our sub-group analysis of PDAC patients evaluated the rate of
disease progression and survival, which are likely underestimates due to delay in reporting
of deaths, lack of identification or testing for metastasis, or loss to follow-up. However,
these findings are unlikely to be disproportionate between the CEC positive and negative
groups and are accounted for with censored comparisons. Finally, this study only reports
findings based on cytopathologic evaluation of size-filtered CECs. While the malignant-
appearing CECs had a similar appearance to conventional PDAC fine needle aspiration
specimens, the significance of their presence in benign disease remains unclear.

There are three potential clinical uses of this type of blood test: screening, diagnostic, or
surveillance. Due to the low sensitivity found in this study, this current method of CEC
identification is not useful as a screening tool to identify patients who might have pancreas
cancer. In addition, the specificity of this test is low, making it a poor diagnostic test at this
time. This is important to note because a positive CEC finding may lead some clinicians to
recommend unnecessary operations if they are unaware of the high false positive rate.
Future studies assessing the genomic make-up of these isolated CECs should be performed
to understand the significance of their identification in the peripheral blood. Information
from genomic studies will likely improve the specificity of this test, making it more
clinically useful as a diagnostic test for pancreas cancer. Furthermore, this study does not
address the use of this CEC identification method as a surveillance test due to the single
time point of peripheral blood sampling. To assess the clinical utility of this test as a
surveillance tool, future studies will require the longitudinal collection of peripheral blood
samples to assess the presence of CECs over time.

Circulating cells in the peripheral blood have been described as a promising diagnostic and
prognostic tool for patients with cancer. This study questions previous findings of CTC
studies with the identification of malignant-appearing CECs in patients with benign,
premalignant, and malignant pancreas lesions using the ScreenCell® size-based isolation
technique to capture cells and standard cytologic criteria to classify these cells as malignant.
While these cells were absent in healthy volunteers, it is unclear what their significance is
given their presence in benign disease. This study finds that the presence of malignant-
appearing CECs is not diagnostic for malignancy when evaluating patients with a variety of
peripancreatic lesions. In addition, the presence of these cells in PDAC patients is not
associated with a particular stage of disease or worse prognosis. Further studies evaluating
long term follow up in addition to molecular and genetic characteristics of these circulating
cells may shed light on their significance in patients with malignant and benign disease.
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Figure 1.
Circulating epithelial cell cytomorphology shows positive (A) single malignant-appearing

epithelioid cells with large irregular nuclei; clusters of smaller malignant-appearing
epithelioid cells in (B) small clusters; and (C) large clusters. (D) Cells with enlarged,
clumped, molded nuclei without intact cytoplasm were suspicious for circulating epithelial
cells. The bar represents 50 um for size comparison.
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Figure 2.
Distribution of circulating epithelial cells (CECs) in different pancreas lesions among study

participants grouped as controls and patients with inflammatory (n = 13), neoplasia/
premalignant (n = 39), and malignant (n = 126) lesions, and comparison of positive and non-
diagnostic (negative and suspicious). Circulating epithelial cells findings among the patients
with pancreatic lesions, p=0.41.
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Figure 3.
Large clusters of circulating epithelial cells (CECs) seen in the peripheral blood of patients

with (A) ductal adenocarcinoma resemble (B) cells diagnostic of ductal adenocarcinoma on
fine needle aspiration biopsy. Peripheral blood CECs of patients with (C) well-differentiated
neuroendocrine tumor and (D) chronic pancreatitis have a similar appearance as well. The
bar represents 50 um for size comparison.
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Figure 4.

Distribution of circulating epithelial cells in patients at different stages of pancreatic ductal
adenocarcinoma.
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Figure 5.

Patients with ductal adenocarcinoma. (A) Overall survival with and without circulating
epithelial cells, p = 0.69; and (B) time to disease progression with and without circulating
epithelial cells, p = 0.51. Red line, with circulating epithelial cells; blue line, without
circulating epithelial cells.
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