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Background: Hepatobiliary-pancreatic cancers (HBPs) are highly lethal, partly because of their usually
late diagnosis. This multi-center, observational study aimed to explore the clinical significance of folate
receptor-positive circulating tumor cell (FR+CTC) as a liquid biopsy approach in the differential diagnosis
and management of HBPs.

Methods: We recruited 119 patients suspicious for HBPs and 60 cancer-free healthy individuals in the
present study. Patients without definitive pathological assessment or without pre-operative FR+CT'C analysis
were excluded. FR+CTC was tested prior to surgery or tissue biopsy using the CytoploRare® Detection Kit.
Serum biomarkers, including CA 125, CA 19-9, and CEA, were tested in selected patients. Post-operative
FR+CTC analysis was also performed in a subset of the patients receiving surgical resection.

Results: With 8.65 FU/3 mL as the cut-off value, the sensitivity and specificity of FR+CTC in differential
diagnosis were 98.1% and 79.1%, respectively. The detection rate of FR+CT'C was superior to conventional
serum biomarkers (CA 19-9 > CA 125 > CEA). For the 16patients with matched post-operative FR+CTC
analysis, FR+CTC levels significantly reduced after surgery (P=0.0084).

Conclusions: Our results demonstrated that FR+CTC analysis could be an efficacious non-invasive
biomarker in differential diagnosis and surveillance of HBPs, though further investigation with a larger

sample size is required.
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Introduction have better prognosis. The most effective treatments for

hepatocellular carcinoma (HCC) are liver resection and

Hepatobiliary-pancreatic cancers (HBPs) account for transplantation (3,4). Also, radical resection is the only way

1,519,000 of new cancer incidences and 1,379,000 of
cancer deaths each year (1). The 5-year survival rate of
hepatobiliary cancers (18%), particularly pancreatic cancer

(8%), is dismal (2). Patients eligible for surgical resection
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to completely cure cholangiocarcinoma (5). For pancreatic
cancers, surgery is the only proven effective treatment yet
it only improves the 5-year survival rate to 15-20%, and
patients ineligible for surgery have a median survival of
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only 18 months (6). As the prognosis of HBPs depends
largely on the tumor stage, early detection of HBPs is
critical to improve the outcome. However, because of the
asymptomatic nature of HBPs and lack of serum biomarkers
with high diagnostic sensitivity and specificity, most of the
patients are diagnosed at an advanced stage and lose the
chance of surgical resection. Late diagnosis and lack of
effective treatment options are considered to be the main
causes of the high mortality in HBPs. For patients with
hepatobiliary cancers, 18% already had distant metastasis
at initial diagnosis. More specifically, in pancreatic cancer,
such a proportion can be as high as 52% (2). In addition,
patients with HBPs suffer from a high rate of relapse after
surgical resection (7,8). To increase the rate of identifying
resectable HBPs and to facilitate prompt treatment of
recurrent cancers, it is important to establish a non-invasive
biomarker for differential diagnosis and surveillance of
HBPs.

Carbohydrate antigen 125 (CA 125), carbohydrate
antigen 19-9 (CA 19-9), and carcinoembryonic antigen
(CEA) are widely used in clinical practice of HBPs.
However, the utilities of these biomarkers in early diagnosis
of HBPs are limited because they lack sufficient sensitivity
in early stage malignancy while at the same time elevated
level of these biomarkers are often seen in patients with
certain benign hepatobiliary-pancreatic diseases (3,5,9).
Detection of circulating tumor cell (CTC), as a liquid
biopsy technique, could be a possible solution for such
problems. In various studies, CTCs have been shown to be
present and detectable in early-stage lung cancer, gastric
cancer, colorectal cancer, and a few other cancer types
(10,11). Of a variety of existing CTC detection technologies,
the one that quantitatively assesses folate receptor (FR)
expression for CTC identification appears most promising.
FRs are cysteine-rich cell-surface glycoproteins, which can
bind folate with high affinity to mediate cellular uptake of
folate (12). FRs are found to be over expressed in a variety
of cancer tissues, whereas most normal tissues and other
cells in the circulatory system express these receptors at low
to negligible levels (13-18). FR thus is a promising target
for CTC detection.

Several studies had confirmed the diagnostic efficiency
of FR+CTC in lung cancer, bladder cancer, pancreatic
cancer, and colorectal cancer (19-24). FR+CTC has also
been shown to be prognostic of chemotherapy response
in patients with small cell lung cancer (20,25-27). In
particular, a number of previous studies demonstrated
that the enumeration of FR+CTC based on negative

© Translational Cancer Research. All rights reserved.

6701

depletion and ligand-targeted PCR method has high
sensitivity (73-82.5%) and specificity (82-93%) in lung
cancer diagnosis (28-31). The aforementioned method first
enriches CTCs through lysis of erythrocytes followed by
leukocytes depletion. The first step, commonly referred
to as “negative enrichment”, ensures a wide variety of
CTGCs to be retained at the enrichment stage. Compared to
antigen-dependent positive-enrichment techniques such as
CellSearch®, negative enrichment techniques can lead to a
lower false-negative rate. Next, CTCs are detected using
the ligand-targeted PCR method, in which folate receptor
alpha (FRa)-expressing CTCs are labelled with a detection
probe consisting of an FRa-targeting folic acid ligand and
a specially designed oligonucleotide. PCR is performed
to amplify the oligonucleotide bound to the FRa on the
CTGCs and enhance the detection sensitivity (18). Although
FRo was also found to be expressed in tumor tissues of
hepatobiliary cancers and pancreatic cancers (32-36), the
clinical utility of FR+CTC in these types of cancer remains
to be examined. Hence, in this preliminary study, we aimed
to explore the clinical significance of FR+CTC in the
differential diagnosis and management of HBPs.

We present the following article in accordance with
the STARD reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-2192).

Methods
Study design

This is a preliminary, multi-center, observational study
conducted at the Xingiao Hospital, Army Medical
University and Renmin Hospital of Wuhan University from
March 2017 to November 2019. A total of 119 patients
suspected for HBPs and 60 cancer-free healthy individuals
were recruited in this study. The detailed procedure for
patient enrollment was shown in Figure 1. For the malignant
group, the inclusion criteria were: (I) suspected for HBPs;
(II) treatment-naive and expected to undergo surgical
resection or tissue biopsy; and (III) written informed
consent obtained to have peripheral blood collected for
FR+CTC analysis. Exclusion criteria were: (I) pathologically
diagnosed as benign diseases or indeterminate malignancy;
and (II) insufficient pre-operative peripheral blood sample
(<3 mL) for FR+CTC analysis. The control group consisted
of patients with pathologically confirmed benign diseases
and healthy individuals who were systematically evaluated
to be cancer-free in a health check-up performed within
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119 patients suspicious for HBPs

43 patients did not receive
pre-operative FR+CTC analysis

\ 4

Pre-operative FR+CTC analysis
(n=76)

13 patients did not receive

- <«
pathological assessment
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60 cancer-free healthy individuals

\4

FR+CTC analysis
(n=60)

Surgical resection or biopsy (n=63)

3 patients with indeterminate

- ] -«
malignancy(Spindle cell tumor )

\ 4

Malignant group
(n=53)

Pathological diagnosis:

-Pancreatic Cancer (n=18)

-Periampullary carcinoma (n=17)
-Extrahepatic Cholangiocarcinoma (n=12)
-Intrahepatic Cholangiocarcinoma (n=2)
-Hepatocellular cacinoma (n=4)

\

Post-operative FR+CTC analysis
(n=17)

\4

Follow-up

Figure 1 Flow diagram of patient enrollment.

the last six months. Except for healthy individuals, all
participants received an abdominal computed tomography
scan before surgery to assess the respectability. Tumor
tissue specimens obtained during surgery were analyzed by
an experienced pathologist using H&E staining method.
Smear of bile was collected from the participants who did
not undergo surgery for pathological assessment. Clinical
staging and pathological subtyping were determined in
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Benign group (n=7)

\4
Control group (n=67)

accordance with the AJCC Cancer Staging system (8"
edition) and the respective requirements established by each
participating hospital. The Institutional Review Board of
each participating hospital has approved the study protocol
(AF/SC-08/1.0). Written informed consent was obtained
from each participant prior to the enrollment in to the
study. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).
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Enumeration of FR+CTC

Detection of FR+CTC was performed using the
CytoploRare® Detection Kit provided by GenoSaber Biotech
Co. Ltd. (Shanghai, China) as previously described (28).
Three milliliters of peripheral blood were withdrawn
into an EDTA-containing anti-coagulant tube from each
participant. Pre-operative blood samples were collected
within two weeks before surgery and post-operative blood
samples were collected within two months after surgery.
Rare FR+CTCs were first enriched by negative depletion
method, in which red and white blood cells present in the
blood sample were sequentially removed, first by a lysing
buffer and then by a combination of anti-CD45 and anti-
CD14 immuno-magnetic beads. The enriched FR+CTCs
were then labelled by an FRa-targeting oligonucleotide
probe. Using the proprietary ligand-targeted PCR method,
FR+CTCs were enumerated by quantitative PCR (18). A
serial of standard calibrators containing oligonucleotides
(10™ to 10 M, corresponding to 2 to 2x10° FU/3 mL
blood) were used to create a standard curve for FR+CTC
quantification. Folate receptor Unit (FU) per 3 mL of
peripheral blood calculated from the standard curve was
used to represent the FR+CTC level in each sample.

Serum biomarker test

An additional 3 mL of peripheral blood was withdrawn into
a blood coagulation tube. After centrifuging at 3,500 rpm for
10 min, the upper serum was collected for analysis. Serum
biomarkers (including CA 125, CA 19-9, and CEA) were
analyzed by radioimmunoassay (Abbott Lab., Chicago, IL,
USA). The normal reference ranges were: CA 125 <35 U/mL,
CA 19-9 <37 U/mL, and CEA <5 ng/mL.

Statistical analysis

Data analysis was performed using the Prism 5.0 software
(GraphPad, CA, USA). Countable variables were expressed
as number (percentage). Age and FR+CTC levels were
expressed as median (range). Maximum tumor diameter
was expressed as mean = standard deviation. Pre-operative
FR+CTC levels between groups were compared using Man
Whitney U test. Dynamic changes in FR+CTC levels were
compared using Wilcoxon signed rank test. The percentage
change in FR+CTC level was calculated by “(Postoperative
FR+CTC level — Pre-operative FR+CTC level)/Pre-
operative FR+CTC level x100%”. A P value of less than 0.05
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was considered to be statistically significant. The receiver
operating characteristic (ROC) curve was plotted with
sensitivity as the y-axis and 1-specificity as the x-axis, and
the area under the ROC curves (AUCs) were calculated for
each threshold value to examine the diagnostic efficiency.
The Youden index, calculated as sensitivity + specificity —
1, was used to evaluate the diagnostic efficiency for each
threshold value. The one that maximized the Youden index
was chosen as the optimal cut-off point.

Results
Patients’ demograpbics

A total of 119 patients suspected for HBPs were recruited
in this study (Figure I). After excluding 43 patients who did
not receive pre-operative FR+CTC analysis, 12 patients who
refused to undergo surgery or tissue biopsy, and 4 patients
with indeterminate malignancy after surgery, 60 patients with
pathologically confirmed HBPs were included in the malignant
group. 7 patients diagnosed as having benign diseases after
surgery together with 60 cancer-free healthy individuals were
included in the control group. Baseline characteristics of the
enrolled patients were summarized in Zible 1.

Expression level of FR+CTC

The median FR+CTC level of the malignant group was
significantly higher than that of the control group (14.8
versus 7.5 FU/3 mL, P<0.0001, Figure 2A4). ROC analysis
indicated that the sensitivity and specificity of FR+CTC in
the differential diagnosis of HBPs were 98.1% and 79.1%,
respectively, when 8.65 FU/3 mL was chosen as the cut-off value
[area under curve =0.945, 95% confidence interval (CI): 0.905—
0.986]. The false-positive rate of FR+CTC in the control group
was 20.9%. Notably, 6 of the 7 patients diagnosed as having
benign inflammatory diseases had a false-positive FR+CTC
result (chronic hepatitis: 11.7 FU/3 mL; chronic cholecystitis:
23.8, 10.3 FU/3 mL; chronic choledochitis: 8.9 FU/3mL;
serous adenoma of the pancreas: 10.5 FU/3 mL; duodenal
tubular adenoma: 11.2 FU/3 mL).

We next divided the patients into subgroups according
to their cancer types and pathological stages. The median
FR+CTC levels in patients with pancreatic cancer,
periampullary carcinoma, extrahepatic cholangiocarcinoma
(eCCA), HCC, and intrahepatic cholangiocarcinoma (iCCA)
were 15.7,11.4, 17.7,19.2, and 20.3 FU/3 mL, respectively.
For pancreatic cancer, the sensitivity and specificity of
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Table 1 Patients’ demographics

He et al. FR+CTC in HBPs

Characteristics

Malignant group (n=53) Control group (n=67)

Gender, N (%)
Male
Female
Age, median (range), years
Maximum tumor diameter', mean + SD, cm
Clinical staging, N (%)
|
Il
1]
v
Major type of intervention, N (%)
Whipple procedure
Cholecystectomy

Hepatectomy with cholecystectomy

Resection of the pancreatic body and tail with/without splenectomy

Interventional therapy
Biopsy

Type of cancer, N (%)
Pancreatic cancer
Periampullary carcinoma
Extrahepatic cholangiocarcinoma
Hepatocellular carcinoma

Intrahepatic cholangiocarcinoma

39 [74] 29 [43]
14 [26] 38 [57]
61 [25-82] 48 [32-77]
3.19+1.83 2.98+2.10

13 [28] -
9[19] -
10 [21] -
15 [32] -
29 [55] 1[14]
0[0] 2 [29]
3 6] 1[14]
51[9] 2[29]
9[17] 0[0]
59 1[14]
18 [34] -
17 [32] -
12 [53] -
4(8) -
2[4] -

T, only 47 patients in malignant group and 3 benign diseases patients with suspicious HBPs before surgery had maximum tumor diameter

and major type of surgery available. SD, standard deviation.

FR+CTC were 94.4% and 91.8%, respectively, with
9.65 FU/3 mL as the optimal cut-off value (area under
curve =0.963, 95% CI: 0.925-1.000, Figure 2B). For
periampullary carcinoma, the sensitivity and specificity
of FR+CTC were 100% and 79.1%, respectively, with
8.65 FU/3 mL as the optimal cut-off value (area under
curve =0.930, 95% CI: 0.877-0.984). For eCCA, the
sensitivity and specificity of FR+CTC were 91.7% and
94.1%, respectively, with 10.35 FU/3 mL as the optimal
cut-off value (area under curve =0.934, 95% CI: 0.833-
1.000). For HCC, the sensitivity and specificity of FR+CTC
were 100% and 79.1%, respectively, with 8.7 FU/3 mL as
the optimal cut-off value (area under curve =0.938, 95%
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CI: 0.849-1.000). For iCCA, the sensitivity and specificity
of FR+CTC were 100% and 98.5%, respectively, with
13.35 FU/3 mL as the optimal cut-off value (area under
curve =0.993, 95% CI: 0.972-1.000). The median FR+CTC
levels in patients with early-stage (stage I-II) and late-
stage HBPs were 11.8 and 19.0 FU/3 mL, respectively
(Figure 2C). Patients with late-stage HBPs had significantly
higher FR+CTC levels compared to those with early-stage
diseases (P=0.049).

In the subgroup of patients with pancreatic cancers, we
found that the median FR+CTC level was significantly
higher when the tumor was located at the tail compared to
that at the head (22.1 versus 12.4 FU/3 mL, respectively,
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Figure 2 Pre-operative FR+CTC levels. (A) Dot plots showing the FR+CTC levels in patients with different pathological diagnosis. The
dotted line represents the cut-off value: 8.65 FU/3 mL. (B) ROC curves of different cancer types. (C) Dot plots showing the FR+CTC levels
in patients with different pathological stages. (D) Dot plots showing the FR+CTC levels in pancreatic cancer patients with different tumor

locations (head: n=9, tail: n=7). The dotted line represents the determined cut-off value for pancreatic cancer: 9.65 FU/3 mL. FR+CTC,

folate receptor-positive circulating tumor cell; ROC, receiver operating characteristic.

P=0.012, Figure 2D).

Comparison with serum biomarkers

Prior to operation, a subset of the patients concurrently
received one or more serum biomarker tests including CA
125, CA 19-9, and CEA. As shown in Table 2, the detection
rate of FR+CTC was superior to these routinely used tumor
biomarkers for HBPs.

Dynamic change in FR+CTC level

Of the 53 patients in the malignant group, 16 had matched
post-operative FR+CTC results for the dynamic analysis,

© Translational Cancer Research. All rights reserved.

including 8 patients with pancreatic cancers and 8 with
periampullary carcinoma. Post-operative FR+CTC levels
were significantly reduced compared to the pre-operative
FR+CTC levels (10.4, 95% CI: 8.3-12.3 versus 12.3, 95%
CI: 9.3-22.9 FU/3 mL, P=0.008, respectively, Figure 3).
The average percentage change in FR+CTC level after
surgery was -24.7%. Only four patients showed an increase
in FR+CTC level after surgery (+2.1%, +15.9%, +21.8%,
and +35.7%, respectively). Post-operative surveillance is
still ongoing for these patients.

Discussion

As recently reported in a nation-wide pooled analysis,
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Table 2 The detection rate of FR+CTC and serum biomarkers

Biomarkers Cut-off value Detection rate
FR+CTC 8.65 FU/3 mL 98.1% (52/53)
CA 125 35 U/mL 26.2% (11/42)
CA 19-9 37 U/mL 50% (22/44)

CEA 5 ng/mL 25.6% (11/43)

CA125, carbohydrate antigen 125; CA 19-9, carbohydrate
antigen 19-9; CEA, carcinoembryonic antigen; FR+CTC, folate
receptor-positive circulating tumor cell.

40- P=0.0084
-5 30
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w 104
T

Pre-operative Post-operative

Figure 3 Dynamic change in FR+CTC levels. Dot plot showing
the matched pre- and post-operative FR+CTC levels of the
16 patients in the malignant group. The dotted line represents the
cut-off value: 8.65 FU/3 mL. FR+CTC, folate receptor-positive

circulating tumor cell.

the survival rate of most of the cancer types have been
gradually improving in China partly due to the initiation
of cancer screening and early detection programs, except
for the more lethal cancer types such as pancreatic and
gallbladder cancers (37). Therefore, to better diagnose and
manage HBPs, novel and more effective biomarkers are
urgently needed. In this preliminary study, we sought to
evaluate FR+CTCs as a non-invasive biomarker for HBPs.
Our results suggested that FR+CTC could be a potential
candidate in the setting of differential diagnosis and
surveillance.

For the differential diagnosis of HBPs, FR+CTC showed
a high sensitivity (98.1%) and specificity (79.1%). Further,
when each cancer type is analyzed individually, FR+CTC
showed adequate sensitivity and specificity in each of the
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S types: pancreatic cancer, periampullary carcinoma, eCCA,
HCC, and iCCA. Compared to routine serum tumor
biomarkers such as CA-125, CA-199, and CEA, FR+CTC
exhibited an excellent detection rate. These results
suggested that FR+CTC could be an efficacious biomarker
in identifying HBPs. In general, the false-positive rate of
FR+CTC was greater than 10%, suggesting that its use in
routine cancer screening should be adopted with caution.
Nevertheless, for particular cancer types such as pancreatic
cancers, eCCA and iCCA, our results demonstrated
that the specificities were superior (91.8%, 94.1% and
98.5%, respectively), implying that FR+CTC test could
be potentially applied for cancer screening in these cancer
types. Additional large studies are required to validate these
findings.

It should be noticed that the 6 patients with benign
inflammatory diseases in this study showed false-positive
FR+CTC results. One possible explanation is that the
elevated white blood cell count in inflammatory diseases
patients caused an insufficient depletion of leukocytes,
resulting in the non-specific labelling of detection probes
and the false-positive FR+CTC results. However, because
of the small number of benign patients recruited in this
study, the effect of inflammatory diseases on false positivity
of FR+CTC remains to be evaluated. The combination
of FR+CTC with CA 19-9, which has been proven to be
useful in differentiating pancreatic cancer and inflammatory
diseases (38), can potentially rectify the concerns for false
positivity.

Furthermore, the dynamic change of FR+CTC pre-
and post-operation was consistent with reduction of tumor
burden. For the 16 patients with paired pre- and post-
operative FR+CTC test, an average percentage decrease
of -23.8% in FR+CTC level was observed, suggesting that
surgery was effective to remove the source of the CTCs.
Such a change may be further used to monitor the risk
of the disease recurrence. Previous studies demonstrated
that a decrease in CTC count after therapy is associated
with better prognosis in non-small cell lung cancer (39).
Recently, Shen ez al. also reported that the reduction of
FR+CTC after first-line chemotherapy is a prognostic
biomarker for patients with small cell lung cancer. The
prognostic value of preoperative FR+CTC and its dynamic
changes in the HBP patients receiving surgical treatment
remains to be explored. Follow-up of the recruited patients
is ongoing in this study.

Interestingly, we found that the FR+CTC level in
pancreatic cancer was significantly higher when the tumor
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was located at the tail compared to that at the head. A
previous study reported that pancreatic cancers of the
tail were associated with a significantly higher rate of
metastatic diseases (67% versus 36%, P<0.001). Since
metastatic cancers possess a higher tumor load, it is
possible that they tend to release more CTCs into the
blood circulation (28-31).

The major limitation of the current study is the small
sample size, especially for the subgroup of benign diseases
where only 7 patients with inflammatory diseases were
enrolled. As such, results from the present study require
further validation. Nonetheless, our exploratory study,
suggested that FR+CTC could be a potential biomarker
for the differential diagnosis and surveillance in HBPs and
further studies can be conducted to fully explore the clinical
significance of FR+CTC in HBPs.
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