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Abstract

Objectives: To detect folate receptor (FR)-positive circulating tumour cells (FR* CTCs)
by using ligand-targeted polymerase chain reaction (LT-PCR) in periampullary cancer
patients and to investigate the diagnostic value of FR* CTCs in distinguishing pancre-
atic cancer (PC) from benign pancreatic disease.

Materials and Methods: CTCs were enriched from 3 mL of peripheral blood and por-
tal vein blood by immunomagnetic depletion of leucocytes and were then detected
by LT-PCR. The diagnostic performance of FR* CTCs in PC was investigated by re-
ceiver-operating characteristic curve analysis.

Results: In total, 57 consecutive patients, including 46 patients with PC, five patients
with non-pancreatic periampullary cancer (non-PC) and six patients with benign pan-
creatic diseases, were enrolled. FR* CTC levels were significantly higher in patients
with malignant diseases (PC and non-PC) than in patients with benign pancreatic dis-
eases (P < .01). There was no notable difference in CTC levels between patients with
PC and those with non-PC (P > .05). The combination of FR* CTCs with carbohydrate
antigen 19-9 (CA19-9) had better diagnostic efficiency than each of these two mark-
ers alone, with high sensitivity (97.8%) and specificity (83.3%).

Conclusions: LT-PCR is feasible and reliable for detecting FR* CTCs in patients with
periampullary cancer. FR* CTCs, especially when used in combination with CA19-9,

have potential as a biomarker for the diagnosis of PC.
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1 | INTRODUCTION

Pancreatic, distal bile duct, ampullary and duodenal cancers are
the main types of periampullary cancers.' They constitute an
entity of aggressive tumours and the 5-year survival rate after
operation with curative intent has improved very little over the
last two decades.? Among them, pancreatic cancer (PC) is histor-
ically characterized by increasing mortality rates and is currently
predicted to become the second leading cause of cancer-related
deaths in the United States by 2030.%* Due to late presentation
and early metastasis, PC is largely diagnosed at an advanced stage,
and therefore, the prognosis generally is poor.® Early diagnosis is
mostly hampered by the lack of serum biomarkers with high di-
agnostic sensitivity and specificity.® Carbohydrate antigen 19-9
(CA19-9) currently is the only biomarker approved by the United
States Food and Drug Administration (FDA) and is widely used in
clinical practice; however, it is insufficiently sensitive for early di-
agnostic screening and non-specific, as CA19-9 levels are elevated
in a number of benign pancreatic and biliary diseases.” Thus, reli-
able biomarkers capable of efficiently establishing diagnosis at the
time of disease presentation remain an urgent need.

Circulating tumour cells (CTCs) were postulated by Paget to act
as essential “seeds” of metastases in breast cancer more than a cen-
tury ago.® The “seed and soil” hypothesis suggests that CTCs, that
is tumour cells that escaped from primary tumours into the circu-
lation through invading adjacent vasculature, disseminate to colo-
nize distant sites.”*° Accumulating evidence has demonstrated that
CTCs have wide clinical application prospects, including early can-
cer detection, disease monitoring, prognosis and identification of
therapeutic targets.!*™'® Recent advances in detection technologies
and the characterization of CTCs have improved our understanding
of the biology of CTCs and their role in cancer dissemination.'**°
As a liquid biopsy, CTC counting has been included in the National
Comprehensive Cancer Network guidelines and is defined as a prog-
nostic factor in breast cancer by the American Joint Committee on
Cancer Staging. Especially in tumours that are difficult to access,
such as periampullary cancers, the potential value of CTC detection
has been established and become increasingly important.*

The CellSearch System is the first and currently only FDA-
approved CTC detection platform. It uses an immunomagnetic
method for quantitative evaluation of CTCs by capturing the epithe-
lial cell marker, epithelial cell adhesion molecule (EpCAM).lé Among
different types of metastatic cancers, pancreatic ductal adenocarci-
noma (PDAC) exhibited the lowest detection rate and CTC counts in
a study evaluating the efficiency of the CellSearch System in nearly
1000 patients, and this was in line with findings in other studies.*’*’
Another important limitation of this system is that it cannot detect
CTCs with non-epithelial characteristics (EpCAM-negative CTCs).
The non-immunologic-based and EpCAM-independent CTC isola-

tion technique termed “isolation by size of epithelial tumour cells”

(“ISET”") has a better detection efficiency than the CellSearch System
in PC?%; however, it may miss smaller cells and requires validation
before clinical application.

Folate receptors (FRs) are cysteine-rich cell-surface glycopro-
teins that bind folate with high affinity to mediate cellular uptake of
folate.?! To meet the folate demand of rapidly dividing cells under
low-folate conditions, FRs are highly expressed in a variety of can-
cers, including PC, whereas most normal tissues express these re-
ceptors at low to negligible levels.?>?% In the circulation, there are no
normal cells, except a subgroup of activated macrophages, that ex-
press functional FRs.?> However, activated macrophages are barely
detectable in blood samples from healthy donors or from patients
with benign diseases.?® Therefore, FRs may be a potential target for
capturing CTCs in patients with PC.

Ligand-targeted polymerase chain reaction (LT-PCR), developed
by Geno Biotech, has shown promise in detecting CTCs in non-small
cell lung cancer through targeting FRs on the cell surface. In this
method, CTCs are labelled with a conjugate of a tumour-specific li-
gand (folic acid) selectively bound to cancer cells over-expressing FRs
and a synthetic oligonucleotide. The conjugate serves as an adapter
molecule to convert a CTC into detector “oligonucleotides” that can
be amplified for quantitative analysis. LT-PCR allowed specific detec-
tion of CTCs in healthy blood spiked with tumour cells expressing FRs
on their surface, and a clinical study showed that the method was suf-
ficiently sensitive to stratify patients with different disease statuses.?’
Potential advantages of LT-PCR over other CTC detection techniques
include ultrasensitive analysis that enables advanced disease stratifi-
cation, low sampling volume (3 mL) and a standardized platform that
eliminates artificial analysis bias. In the present study, we applied LT-
PCR to detect FR-positive (FR*) CTCs in periampullary cancer patients
and analysed their clinical significance in the diagnosis of PC.

2 | MATERIALS AND METHODS
2.1 | Patients and clinical data collection

Between August 2018 and December 2019, 51 consecutive patients
with newly confirmed periampullary cancer were enrolled into this
prospective study. None of the included patients had received any
anticancer therapies or had a history of any other malignancy dur-
ing the past five years. Diagnosis was based on histopathologic ob-
servations of specimens obtained by fine-needle aspiration (FNA) or
resection. Disease stages were based on the eighth edition of the
American Joint Committee on Cancer Staging manual. Clinical data,
including age, gender, preoperative CA19-9 and bilirubin levels, loca-
tion of primary tumour, tumour differentiation, tumour size, lymph-
node metastasis and distant metastases, were collected. In addition,
six patients with benign pancreatic diseases were enrolled into the
study. The study was approved by the Ethics Committee of Nanjing
Drum Tower Hospital, and informed written consent was obtained
from all subjects before the study. All procedures were in accord-

ance with the guidelines of the Declaration of Helsinki.
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2.2 | Blood sample processing

Peripheral blood samples (3 mL) from eligible individuals were col-
lected in vacuum tubes containing the anticoagulant ethylenediami-
netetraacetic acid for analysis before commencing treatment. In a
subset of patients, paired portal venous blood was drawn intraop-
eratively or by endoscopic ultrasound-guided (EUS-)FNA. All blood
specimens were stored at 4°C and processed within 24 hours of
blood withdrawal.

2.3 | CTC detection

CTCs were enriched and enumerated using the CytoploRare Kit
(Geno Biotech), a commercially available CTC detection kit ap-
proved by the China FDA, as described previously.?®?® The method
comprises two major steps: CTC enrichment based on negative
enrichment by immunomagnetic beads, and CTC detection and
quantification based on LT-PCR. The experimental procedure was
performed strictly according to the manufacturer's protocol. Briefly,
the whole blood samples were first incubated with 12 mL of lysing
buffer and anti-CD45/-CD14 immunomagnetic beads to lyse eryth-
rocytes and remove leucocytes, respectively. The enriched samples
were then incubated with 10 pL of detection probes at room tem-
perature for 40 minutes. The detection probe with a FR alpha-tar-
geting folic acid unit was designed to specifically label FR-expressing
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cells. It also comprises an oligonucleotide unit (5'-CTCAA CTGGT
GTCGT GGAGT CGGCA ATTCA GTTGA GGGTT CTAA-3’) for sub-
sequent PCR amplification. After repeated washing, the detection
probes were eluted. Fluorescence quantitative PCRs to amplify and
quantify the signals from the detection probes were run using the
ABI 7300 Real-Time PCR System (Thermo Fisher). The thermal cy-
cles were as follows: denaturation at 95°C for 2 minutes, annealing
at 40°C for 30 seconds, extension at 60°C for 1 minute, cooling at
8°C for 5 minutes, followed by denaturation at 95°C for 1 minute
and 40 cycles of denaturation at 95°C for 10 seconds, annealing at
35°C for 30 seconds and extension at 72°C for 5 seconds. Primer
and probe sequences were as follows: forward primer 5-TATGA
TTATG AGGCA TGA-3'; reverse primer 5-GGTGT CGTGG AGTCG-
3'; TagMan probe 5-FAM-CAGTT GAGGG TTC-MGB-3'. The level
of FR* CTCs in each sample was calculated on the basis of a calibra-
tion curve generated with the standard reference materials provided
in the kit (serially diluted oligonucleotides corresponding to 2.00-
632.50 folate units). FR* CTC levels were measured in folate units
(FU)/3 mL of blood (Figure 1).

2.4 | Measurement of CA19-9

CA19-9 expression levels in all blood samples were determined by
electrochemiluminescence assay (Roche). The reference value range
for the biomarker was 0-27 U/mL.
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FIGURE 1 Flow chart of the CytoploRare protocol: A, lysis of erythrocytes; B, incubation with immunomagnetic beads (anti-CD45 and
anti-CD14); C, immunomagnetic depletion of leucocytes; D, incubation with conjugates of a tumour-specific ligand, folic acid and a synthetic
oligonucleotide; E, removal of unbound conjugates; F, eluting of the probe from CTCs; G, transfer of the samples into the PCR system; H,

PCR amplification; |, data analysis
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2.5 | Statistical analysis

Data were analysed using IBM SPSS, v.25 (IBM Corp.), and graphs
were prepared using PRISM 8 (GraphPad Software, Inc). Continuous
variables were summarized as means or medians and ranges, re-
spectively. To compare CTC levels between two groups, we used
the Mann-Whitney U test, and to compare the levels between three
groups, the Kruskal-Wallis test was used. Receiver-operating char-
acteristic (ROC) curves were used to determine thresholds associ-
ated with high sensitivity and specificity, and the area under the
ROC curve (AUROC) was calculated for each index. The Youden
index was used to identify the optimal cut-off point and diagnostic
efficiency. All P values were based on two-sided testing, and P < .05
was considered significant.

3 | RESULTS
3.1 | Patient characteristics

Patient characteristics are summarized in Table 1. The patients with PC
included in this study had a mean age of 65 years (range, 42-87 years)
and were predominantly males (n = 27, 60%). More than 50% of the
tumours were located in the head or neck, and according to the his-
topathologic type, most were PDAC, and only two were malignant
intraductal pancreatic mucinous neoplasia (IPMN). There were five
patients with non-pancreatic periampullary cancer (non-PC), includ-
ing three with ampullary cancer (AMPC) and two with distal bile duct
cancer (DBDC). In the benign diseases group, 50% were pancreatic

cystic neoplasm. The clinical data of one patient with PC were missing.

3.2 | FR* CTC levels in patients with periampullary
cancer and benign diseases

CTC levels are presented as medians and interquartile ranges (IQRs).
They were 15.26 FU/3 mL (10.78-20.13 FU/3 mL), 19.40 FU/3 mL
(16.74-20.44 FU/3 mL) and 7.38 FU/3 mL (5.96-8.36 FU/3 mL) in pa-
tients with PC, non-PC and benign pancreatic diseases, respectively.
First, we compared the CTC levels between the malignant (PC and
non-PC) and benign groups. The CTC levels in patients with malig-
nant diseases (15.53 FU/3 mL, 11.01-20.44 FU/3 mL) were signifi-
cantly higher than those in patients with benign pancreatic diseases
(P < .01; Figure 2A). Next, the CTC levels were compared among all
three groups. A statistically significant difference between the three
groups was found (P < .01; Figure 2B). The CTC levels in patients
with benign pancreatic diseases were significantly lower than those
in patients with PC (P < .01) and non-PC (P < .01); however, there
was no notable difference between the levels in patients with PC

TABLE 1 Patient characteristics

Characteristics

PC (n = 45)
Age, years mean (range)
Sex, male
Tumour size, mm mean (range)
Tumour location
Head or neck
Body or tail
Tumour stage
|
1l
1
\%
Tumour differentiation
Well
Moderate
Poor

Vascular infiltration

Yes

No
Histopathologic type

PDAC

Malignant IPMN
Non-PC (n =5)

Age, years mean (range)
Sex, male
Tumour size, mm mean (range)
Tumour stage
|
1l
11
\Y%
Tumour differentiation
Well
Moderate
Poor
Histopathologic type
AMPC
DBDC
Benign diseases (n = 6)
Age, years mean (range)
Sex, male
Histopathologic type
Cyst
IPMN
MCN
SCN
CcP

No. of patients

65 (42-87)
27 (60.0%)
36 (12-95)

24 (53.3%)
21 (46.7%)

10 (22.2%)
14 (31.1%)
13 (28.9%)
8(17.8%)

16 (35.6%)
4 (8.9%)
25 (55.5%)

26 (57.8%)
19 (42.2%)

43 (95.6%)
2 (4.4%)

59 (46-71)
4 (80.0%)
22 (12-42)

0

2 (40.0%)
2 (40.0%)
1(20.0%)

1(20.0%)
3(60.0%)
1(20.0%)

3(60%)
2 (40%)

63 (53-74)
4(66.7%)

2(33.2%)
1(16.7%)
1(16.7%)
1(16.7%)
1(16.7%)

Abbreviations: AMPC, ampullary cancer; CP, chronic pancreatitis;
DBDOC, distal bile duct cancer; IPMN, intraductal pancreatic mucinous
neoplasia; MCN, mucinous cystic neoplasm; Non-PC, non-pancreatic
periampullary cancer; PC, pancreatic cancer; PDAC, pancreatic ductal
adenocarcinoma; SCN, serous cystic neoplasm.

and those in patients with non-PC (P > .05; Table 2).
We also analysed the correlation between CTC levels and clini-
cal characteristics of patients with PC, and the results are shown in

Table 3. We found no correlation between the CTC levels and clinical
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(A) 50- *% (B) 50 ok TABLE 3 Relationships between CTC levels and
clinicopathological characteristics of patients with PC
2 40- . T4 °
E 40 E No. of CTC units, median
E = Characteristic patients (interquartile range) P
= 30 = 30+
2 2 e * Sex
é 20 O 204 ?{ s Female 18 15.13 (9.83-16.66) >.05
=) o
IS i; # o ¢ Male 27 16.45 (10.73-22.04)
& 10 = 104 g . Agey)
HS e e
0 N <60 12 15.97 (10.17-22.65) >.05
1 1 L4 T 1 I
Benign Malignant PC Non-PC Benign >60 88 15.08 (10.61-19.13)
Groups Groups Preoperative CA19-9 level U/mL
FIGURE 2 FR*CTC levels in patients with periampullary cancers 27 1 16.47(13.26-18.75) >05
and benign diseases. A, Comparison of CTC levels in patients with >27 34 15.05 (10.13-20.46)
benign and malignant diseases. B, Comparison of CTC levels in Preoperative bilirubin level pmol/L
. . . . +
patients with PC, non-PC and benign diseases. FR™ CTC, folate <8 33 14.01 (10.24-18.91) 505
receptor-positive circulating tumour cell; PC, pancreatic cancer;
non-PC, non-pancreatic periampullary cancer. **P < .01 >28 1z 16.55(7.85-21.08)
WBC (x10°/L)
TABLE 2 Comparison of CTC levels in the different groups (PC, <6.5 33 15.53(11.61-19.83) >.05
non-PC, and benign diseases) >6.5 12 10.61 (9.25-20.05)
Groups Mean difference SE P Tumour location
PC vs non-PC 11.07 722 .05 Head or neck 24 15.44 (11.30-18.41) >.05
' ' Body or tail 21 13.26 (10.14-21.38
PC vs benign diseases 19.03 666 <01 odyortal | )
. . Tumour size (mm)
Non-PC vs benign diseases 30.10 9.29 <.01
<40 28 15.44 (10.78-20.10) >.05
Abbreviations: CTC, circulating tumour cell; non-PC, non-pancreatic 40 17 12.70 (6.36-20.19)
periampullary cancer; PC, pancreatic cancer; SE, standard error. > ' Rt
Tumour stage
characteristics, including preoperative bilirubin, tumour location, tu- | 10 15.22(13.82-20.53) >.05
mour size, tumour stage, lymph-node status and vascular infiltration. 1] 14 12.68 (9.21-18.87)
11 13 16.61 (10.14-23.76)
N \% 8 15.97 (9.35-19.74)
3.:? | FR™ CTC levels in peripheral blood and portal Tumour differentiation
vein blood Well 16 14.11 (7.00-18.64) >.05
Moderate 4 12.59 (6.58-22.46)
Next, we aimed to determine whether CTC levels detected by LT- b 05 15.35 {10.79-20.49)
oor . ST .
PCR are higher in portal vein blood than in peripheral blood, as re-
ported for other detection methods in patients with periampullary LAELgecEl
cancer or PC.2%3% |n total, 27 patients, including three patients with R e 14.01 (11.00-17.28) =2
non-PC and 24 patients with PC, had portal venous blood drawn N1+ N2 10 16.55 (6.90-19.90)
intraoperatively or by EUS-FNA. Notably, the CTC levels in portal Margins
vein blood (15.42 FU/3 mL, 10.50-20.02 FU/3 mL) were slightly RO 13 14.92(11.75-20.01) >.05
higher than those in peripheral blood (15.35 FU/3 mL, 10.04-19.23 R1 10 13.13 (9.30-17.16)
FU/3 mL), although the difference was not significant (P > .05) as Vascular infiltration
indicated by paired analysis (Figure 3). No 19 14.92 (9.01-16.76) >.05
Yes 26 16.54 (11.23-21.39)
. . . . + Metastasis
3.4 | Diagnostic efficiencies of FR" CTC and CA19-9 No 37 15.08 {10.79-19.82) .05
levels and their combination for PC ' o '
Yes 8 15.97 (9.35-19.74)

The diagnostic efficiencies of FR" CTC and CA19-9 levels in distin-

guishing PC from benign pancreatic diseases were first compared on

Abbreviations: CA19-9, carbohydrate antigen 19-9; CTC, circulating
tumour cell; PC, pancreatic cancer; WBC, white blood cell.
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FIGURE 3 Comparison of FR* CTC levels in portal vein and
peripheral blood samples. FR* CTC, folate receptor-positive
circulating tumour cell

the basis of ROC curves. The optimal FR" CTC level cut-off value for
differentiating patients with PC from those with benign pancreatic
diseases was 8.76 FU/3 mL, with a sensitivity of 86.7% and a speci-
ficity of 83.3%, and the AUROC was 0.837 (95% confidence inter-
val [Cl], 0.675-0.999). However, the AUROC of CA19-9 was 0.911
(95% Cl, 0.819-1.000). Thus, compared with CA19-9, the diagnostic
value of the FR* CTC level was slightly poorer (Table 4). To improve
the diagnostic accuracy, we tested the combination of FR" CTC and
CA19-9 levels for PC diagnosis. Notably, using the combination sig-
nificantly improved the diagnostic efficiency in differentiating pa-
tients with PC from those with benign pancreatic diseases when
compared to CTCs or CA19-9 alone (Figure 4).

4 | DISCUSSION
In the present study, we found that FR* CTC levels were significantly
higher in patients with periampullary cancers, including PC, than in
patients with benign pancreatic diseases. FR" CTC levels could effec-
tively distinguish PC from benign diseases with a high AUROC value,
albeit with lower efficiency than CA19-9; however, the diagnostic ef-
ficiency of FR* CTCs for PC improved when combined with CA19-9.
CTCs have been recently demonstrated to have high potential
value in diagnosing, evaluating clinical effects and monitoring recur-
rence in patients with various malignancies, and as a liquid biopsy,
they are of particular interest given their location in the vasculature,
allowing for easy sampling and analysis.31 In recent years, sensitive
and reproducible platforms have been developed for the detection,
isolation and enrichment of CTCs from peripheral blood; however,
methodological standardization is required for such technologies

to have a significant effect on clinical care.®? Our previous studies,

TABLE 4 Diagnostic efficiencies of FR* CTCs, CA19-9, and their
combination in differentiating patients with PC and pancreatic
benign diseases

AUROC (95%

Method Sensitivity  Specificity Cl) P

FR" CTCs 0.867 0.833 0.837 <.05
(0.675-0.999)

CA19-9 0.733 1.000 0.911 <.05
(0.819-1.000)

FR* 0.978 0.833 0.944 <.001

CTCs+CA19-9 (0.840-1.000)

Abbreviations: AUROC, area under the receiver-operating characteristic
curve; CA19-9, carbohydrate antigen 19-9; Cl, confidence interval; FR*
CTCs, folate receptor-positive circulating tumour cells; PC, pancreatic
cancer.

1.0 = ——
0.8 -
£ 0.6-
2
» 04—
/e CTCs + CA19-(AUROC 0.944)
0.2 - w— CA19-9(AUROC 0.911)
= CTCs(AUROC 0.837)
""" Useless test
0.0 | I 1 I 1
00 02 04 06 08 1.0

1 - Specificity

FIGURE 4 ROC curves showing the diagnostic performance

of FR* CTCs, CA19-9 and their combination. FR* CTCs, folate
receptor-positive circulating tumour cells; CA19-9, carbohydrate
antigen 19-9; ROC, receiver-operating characteristic; AUROC, area
under the ROC curve

including large-scale, prospective, double-blind clinical trials, have
shown the promising clinical value of detecting FR* CTCs by LT-PCR—
based on negative depletion of leucocytes followed by labelling with
folate-linked oligonucleotide and quantification by quantitative
PCR—in non-small cell lung cancer patients.33’36 As FRs are also
highly expressed in PC, in the current study, we used the LT-PCR
technique to identify FR* CTCs in periampullary cancers, including
PC. To our knowledge, this is the first study to do so. To deplete ac-
tivated macrophages in blood samples, anti-CD14-coated magnetic
beads were used after depletion of CD45-positive leucocytes.

CTC levels in patients with periampullary cancer were signifi-
cantly higher than those in patients with benign pancreatic diseases,
whereas there was no difference between PC and non-PC patients.
In our previous studies, median CTC levels in healthy donors were

consistently <6 FU/3 mL and were significantly lower than those in
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Cell "

patients with malignant diseases?®%%%7; therefore, we did not recruit

healthy donors in the current study. Two patients with DBDC were
included in our study, and both had CTC levels >20 FU/3 mL. Yang
and colleagues found that CTCs detected by the CellSearch System
were associated with more aggressive tumour characteristics and
were independently associated with survival in patients with cholan-
giocarcinoma; however, one or more CTC was detected in only 28%
of patients.®® Hence, we hypothesize that the FR* CTCs detected by
LT-PCR might also be a potential biomarker for cholangiocarcinoma,
based on our very limited results.

The diameter of CTCs is around 25 um, which is far too large
to allow them to pass through the capillaries (8 um diameter).®® The
portal vein drains periampullary and pancreatic tissues, and theoret-
ically, CTCs will be more easily detectable in portal than in peripheral
venous blood of patients with periampullary or pancreatic cancer.
Several studies have tested this hypothesis. The results consistently
showed that when using the CellSearch System or other techniques,
CTCs were detected at higher rates and at significantly higher num-
bers in portal than in peripheral venous blood, and the CTC count in
portal venous blood was a significant predictor for early liver metas-
tases after curative resection in patients with periampullary or pan-
creatic cancer.?0 In addition, it is feasible and safe to collect portal
venous blood from patients undergoing EUS-FNA.% In our study,
under EUS guidance, a 19-gauge EUS fine needle was advanced tran-
shepatically into the portal vein, and in this way, 3 mL of blood was
aspirated safely from seven patients. However, we found no signifi-
cant difference in the CTC level between portal vein and in periph-
eral blood by paired analysis, which was not in line with the findings
in previous studies.?”° One of the reasons may be the different CTC
detection methods used. Parker et al detected >100 000 FRs on the
surface of one CTC cell by using a quantitative radioligand binding
assay.?* In our method, CTCs in the blood was enriched by nearly
100 000 orders of magnitude through binding of the folate-linked
oligonucleotide with the FR, and then, the targeted FRs were am-
plified by RT-PCR. This two-step enrichment may have masked dif-
ferences in CTC counts between portal vein and peripheral blood.

PC is often detected only in advanced stages and has an aggres-
sive biology; therefore, it is associated with a high mortality rate. Most
patients have no early symptoms and initially present with mild symp-
toms, such as tiredness, weight loss, abdominal discomfort and back
pain. Thus, there is a need for biomarkers that can help efficiently
establish diagnosis at the time of disease presentation. To date, only
serum CA19-9 is routinely used as a non-invasive blood-based bio-
marker in PC. However, elevated CA19-9 expression is detected in
various benign diseases, especially in diseases with obstructive jaun-
dice (acute cholangitis and bile duct stones) and malignant (colorectal
cancer, gastric cancer, bladder cancer and uterine squamous cell carci-
noma) diseases in addition to PC, and thus, this marker is non-specific.
Additionally, CA19-9 is a sialylated Lewis-blood-group antigen, and
approximately 10% of the general population is—by inheritance—neg-
ative for this antigen and, thus, will not express CA19-9 if they develop
pancreatic carcinoma.* In this study, we investigated the diagnostic
value of FR* CTCs in PC and compared it with that of CA19-9. Our

Proliferation

results showed that CTC levels detected by LT-PCR displayed a slightly
lower AUROC, with a sensitivity of 86.7% and a specificity of 83.3%,
than CA19-9 in the diagnosis of PC. Encouragingly, compared to CTCs
or CA19-9 alone, the diagnostic efficiency improved when these two
markers were combined in the diagnosis of PC, with a sensitivity of
97.8% and a specificity of 83.3%. We found no correlation between
CTC levels and preoperative bilirubin levels, which overcomes one of
the shortcomings of CA19-9. Thus, FR* CTCs may serve as an effec-
tive auxiliary diagnostic marker for PC, and their combination should
be recommended in clinical practice in future.

In conclusion, this small-scale, exploratory clinical trial revealed
that LT-PCR is feasible and reliable for detecting FR® CTCs in pa-
tients with periampullary cancers, including PC. This strategy com-
plements the current standard EpCAM-based CTC detection. More
importantly, FR" CTCs may serve as a useful diagnostic biomarker
for patients with PC, especially when used in combination with
CA19-9. Further study to investigate the clinical significance of CTCs
detected by LT-PCR in a larger cohort is warranted.
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