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Circulating tumor cells (CTCs) are an important topic of investigation for both basic and

clinical cancer research. In this prospective study, we evaluated the clinical role of CTCs

in ampullary cancer. We analyzed blood samples from 62 consecutively diagnosed

patientswith ampullary adenocarcinoma and 24 healthy controls for their CTC content.

Combined data from immunostaining of CD45, 4′,6-diamidino-2-phenylindole (DAPI),

and fluorescence in situ hybridization with a chromosome 8 centromere (CEP8) probe

were used to identify CTCs; cells that were CD45-/DAPI+/CEP8>2 were considered

CTCs. TheCox proportional hazardsmodelwas used to assess the relationship between

CTCs, clinical characteristics, and patient outcomes. We detected ≥2 CTCs/3.2ml

whole blood in 43 of 62 patients (69.4%), as well as ≥5 CTCs/3.2ml in 16 of these

patients (25.8%). A CTC cutoff value of 2 cells/3.2ml achieved 69.4% sensitivity and

95.8% specificity as a diagnostic tool; CTCs were associated with tumor burden. CTC

levels ≥3/3.2ml (hazard ratio [HR]: 2.5, 95% confidence interval [CI]: (1.2–5.2),

p = 0.014) and≥5/3.2ml (HR: 3.5, 95%CI: 1.7–7.3,p < 0.001)wereboth associatedwith

shorter disease-free survival. Moreover, ≥3 CTCs/3.2ml (HR: 2.7, 95% CI: 1.2–6.3,

p = 0.019) and ≥5 CTCs/3.2ml (HR: 3.8, 95% CI: 1.8–8.5, p < 0.001) were predictive of

shorter overall survival. CTC assessment may help identify patients with ampullary

cancer who are at high risk of an unfavorable outcome.
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1 | BACKGROUND

Ampullary cancers are rare malignant neoplasms that arise from the

ampulla of Vater (Albores-Saavedra, Schwartz, Batich, & Henson, 2009).

Although thisdisease representsonly0.5%ofgastrointestinal cancers and

7%of cancers arising in the regionof theheadof thepancreas, the ratesof

ampullary cancer have been rising annually over the past few years (Ang,

Shia, Tang,Katabi,&Klimstra, 2014;Siegel,Miller,& Jemal, 2017).Despite
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major efforts in recent decades, patients with ampullary cancer continue

to experience poor prognosis and a high death rate. It is imperative to

identify the potential biological markers for early diagnosis, novel

therapeutic strategies, and prognostic predictors in patients with

ampullary cancer.

Circulating tumor cells (CTCs) are minute numbers of tumor cells

that escape from primary tumors and metastatic foci and enter the

bloodstream (Cristofanilli, 2006). CTCs have been discovered in most

major cancers, although at varying rates (Allard et al., 2004). Clinical

studies have suggested that CTCs are correlated with poor progres-

sion-free survival (PFS) and overall survival (OS) in patients with breast

cancer, colon cancer, and cholangiocarcinoma, as well as other

malignancies (Cohen et al., 2008; Rack et al., 2014; Sonpavde &

Antonarakis, 2017; Yang et al., 2016). These cells have also been

utilized for guiding clinical management, evaluating curative efficacy,

and monitoring tumor recurrence (Plaks, Koopman, & Werb, 2013).

However, the clinical significance of CTCs in ampullary cancer has not

been explored as thoroughly as it has for other epithelial cancers.

As CTCs are scarce in the blood stream, a number of novel

methodologies have been developed to improve the efficiency and

precision of their detection. The CellSearch system is the only CTC

detection technology approved by the Food and Drug Administration

(Allard et al., 2004); the procedure relies on cytokeratin staining of cells

in blood samples. However, the CellSearch system is limited in that

epithelial cell adhesion molecules (EpCAMs) and cytokeratin are not

expressed in all CTCs (Nagrath, Jack, Sahai, & Simeone, 2016).

Aneuploidy, a common manifestation of chromosome instability, is a

hallmark of malignant solid tumors (Danielsen, Pradhan, & Novelli,

2016). As chromosome numbers are reflected by the chromosome 8

centromere (CEP8) that can be detected using fluorescence in situ

hybridization (FISH), aneuploidy detection in peripheral blood provides

a fresh avenue for CTC detection (Pecot et al., 2011). The feasibility of

this approach has been demonstrated since the vast majority of

circulating epithelial cells have been found to be aneuploid cells

derived from primary tumors (Fehm et al., 2002). This method shows

improved isolation efficiency in solid tumors compared to conventional

cytokeratin-based methods (Ning et al., 2014).

In this study, we detected and characterized CTCs in 86 blood

samples from 62 consecutive patients diagnosed with ampullary

adenocarcinoma, as well as from 24 healthy control subjects using a

method that combines immunostaining of CD45, 4′,6-diamidino-2-

phenylindole (DAPI), and CEP8-FISH. We further explored the

relationships between CTCs and clinical parameters and outcomes.

2 | METHODS

2.1 | Patients and clinical information

This prospective study was restricted to consecutively diagnosed

ampullary adenocarcinoma patients treated at the Fudan University-

Affiliated Huashan Hospital. Sixty-two patients with pathologically

proven ampullary adenocarcinoma and 24 healthy controls were

enrolled between March 2012 and December 2015. Written

informed consent was obtained from all subjects. Pathological and

radiological examination provided evidence for the diagnosis of

ampullary cancer. Data on clinical variables including sex, age, tumor

grade, tumor size, lymph node invasion, distant metastases, and

selected laboratory results were gathered. Ampullary cancer TNM

staging was performed according to the American Joint Committee

on Cancer (AJCC) 2010 criteria (Edge & Compton, 2010). Treatments

that patients received after enrollment were reviewed, and patients

were followed until February 28, 2017. DFS was defined as the

interval between the initial surgery and documented manifestation

of recurrent disease (Eisenhauer et al., 2009). OS was calculated

from the date of initial surgery to the date of death or last contact.

Follow-up data were available for all included patients. This study

was conducted with the approval of the Ethics Committee of Fudan

University-Affiliated Huashan Hospital in adherence with the

principles of the Declaration of Helsinki.

2.2 | Sample collection and polyploidy detection

Whole peripheral blood samples were obtained via venipuncture from

healthy subjects and from patients with ampullary cancer before their

undergoing invasive tests and therapeutic measures. Tubes containing

acid citrate dextrose-anticoagulant (Becton Dickinson, NJ) were used

to obtain 3.2 ml whole blood samples for CTC detection. All blood

samples were processed within 48 hr of collection.

Strategies for CTC isolation and detection were similar to those

described previously (Ning et al., 2014). In brief, 4 ml of collected blood

(including 0.8 ml of anticoagulant) was centrifuged to separate cells

from whole blood. Next, red blood cells were dissolved using

hypotonic hemolysis, and residual cell particles were resuspended in

phosphate buffer solution. CTCs were cultured with anti-CD45

monoclonal antibody-coated magnetic beads (Life Technologies,

Carlsbad, CA). Subsequently, the magnetic beads (which were mostly

bound to leukocytes) were separated from the cell suspension by a

magnetic stand (Promega, Madison, WI), and the leukocytes were

smeared onto slides and fixed for identification. Specimens were

dipped in 2× saline-sodium citrate (SSC) buffer at 37 °C for 15min,

then dehydrated by sequential exposure to 75%, 85%, and 100%

ethanol for 3 min each. Spectrum Orange-labeled CEP8 was added

(Abbott Molecular Diagnostics, Des Plaines, IL). Specimens were

denatured at 76 °C for 5min and hybridized at 37 °C for 1.5 hr,

followed by soaking in 50% formamide for 15min and washing in 2×

SSC twice for 5 min. Specimens were then dehydrated in a series of

75%, 85%, and 100% ethanol baths for 3 min each, incubated with

Alexa Fluor 594-conjugated anti-human CD45 at room temperature

for 1 hr, and washed twice with 0.2% bovine serum albumin. Following

the addition of DAPI, slides were observed along the “S” track using a

microscope (Nikon). CTCs were identified by their staining pattern of

CD45-/DAPI+/CEP8>2. Theoretically, the size and strength of CEP8

signals in the nucleus of the same specimen should be consistent. Close

hybridization signals in single cells were referred to as 1. Small-scale

and weak hybridization signals may have been non-specific and were

thus not considered.
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2.3 | Statistical analysis

Statistical analyses were conducted using the SPSS Statistics 22.0

(SPSS, Chicago, IL). Correlations of CTCs with clinicopathological

characteristics were examined using the chi-square test for categorical

variables and one-way ANOVA for continuous variables. Receiver

operating characteristics (ROC) curves were plotted to assess the

performance of CTCs in an ampullary cancer screening test. DFS and

OS were analyzed by using the Kaplan–Meier method and compared

via the log-rank test. Cox's proportional hazards model was performed

to identify factors influencing DFS and OS. Factors significantly

associated with DFS and OS on univariate analysis (p < 0.05) were

subjected to the multivariate models. All statistical tests were two-

sided. p-values less than 0.05 were considered significant.

3 | RESULTS

3.1 | Patient characteristics

A total of 86 participants comprising 62 patients with ampullary

cancer and 24 healthy controls were investigated in this study; their

clinical characteristics and pathological information are shown in

Table 1. Twenty-nine of the patients with ampullary cancer (46.8%)

were female and 33 (53.2%) were male; their median age was

62 years (range, 34–78 years). Forty-three patients (69.4%) were

diagnosed with well- or moderately differentiated disease, while the

remaining 19 (30.6%) were diagnosed with poorly differentiated

disease. As for pathological disease stage, 52 patients (83.9%) were

stage I–II and 10 (15.2%) were stage III–IV. Twenty-three patients

(37.1%) were classified as T1–2 and 39 (62.9%) as T3–4. Lymphatic

invasion was noted in 28 patients (45.2%), and distant metastasis

accounted for 4 of the 62 cases (6.5%). Twenty-six patients (41.9%)

had died by the time of analysis. The median follow-up time was 23.8

months (range 6.0–59.8 months). The median DFS was 19.0 months

(range 3.0–59.8), while the median OS was 23.5 months (range

3.7–59.8 months). Forty-one patients (66.1%) underwent both

surgery and chemotherapy, 17 (27.4%) underwent surgery alone,

2 (3.2%) underwent chemotherapy alone, and the remaining 2 (3.2%)

received only supportive care.

3.2 | CTC identification

CD45, DAPI, and CEP8 staining data as obtained under fluorescence

microscopy were combined to identify CTCs (Figure 1). Immuno-

staining for CD45 was performed to discriminate blood cells from

tumor cells. Cell nuclei were observed using DAPI, while CEP8 was

used to count the chromosome 8 copy number. Cells with CD45

staining (Figure 1a) and/or no more than 2 CEP8 signals (Figure 1b)

were not considered CTCs, while those that were CD45-/DAPI

+/CEP>2were considered to be CTCs. Thosewith 3CEP8 signals were

classified as triploid CTCs (Figure 1c), those with 4 CEP8 signals

tetraploid CTCs (Figure 1d), and those with 5 or more CEP8 signals

multiploid CTCs (Figure 1e).

3.3 | CTCs in patients with ampullary cancer versus
control patients

The numbers of CTCs were 0–32/3.2ml (median number, 3 CTCs/

3.2ml) in patients with ampullary cancer and 0–2/3.2 ml (median

number, 0 CTCs/3.2ml) in healthy controls. The difference was

statistically significant (p < 0.001) (Figure 2a). The presence of ≥1

CTCs/3.2ml was detected in 51 of 62 patients (82.3%), the presence

of ≥2 CTCs/3.2ml was detected in 43 of 62 patients (69.4%), and the

presence of ≥5 CTCs/3.2 ml was detected in 16 of 62 patients (25.8%).

Normal tissues can contain small amounts of aneuploid cells, which

explains the presence of CD45-/DAPI+/CEP>2 cells in the peripheral

blood of healthy individuals (Biesterfeld, Gerres, Fischer-Wein, &

Bocking, 1994).

We further constructed ROC curves to assess the utility of CTCs

as a diagnostic tool for ampullary cancer (Figure 2b). The value of the

area under the ROC curve reached 0.854 (95% confidence interval

[CI] = 0.777–0.931, p < 0.001). Youden's index was then used to select

the optimum cutoff value with maximum sensitivity and specificity;

this value was 2 CTCs/3.2 ml of whole blood, yielding a sensitivity of

69.4%, and specificity of 95.8%. One out of 24 healthy controls (4.2%)

was found to be ‘CTC’-positive, indicating that our method can yield

false positive results.

3.4 | CTCs and tumor characteristics

We analyzed the relationships between CTCs and clinicopathologic

parameters using cutoffs of≥2,≥3, and≥5CTCs/3.2 ml. Neither≥2 nor

≥3 CTCs/3.2 ml was associated with most clinicopathologic factors,

including sex, age, tumor differentiation, tumor stage, T stage, lymph

node invasion, and distant metastasis. However, ≥5 CTCs/3.2 ml was

significantly associated with advanced TNM stage (p = 0.002) and

tended to be associatedwith higher tumor size (p = 0.078), lymph node

invasion (p = 0.106), and distant metastasis (p = 0.083). These results

demonstrated that higher CTC levels appear to correlate with a larger

tumor burden. CTCs were not associated with elevated carcinoem-

bryonic antigen (CEA) levels. This is consistent with a previous study

that found aneuploidy not to be associated with CEA levels (Laubert

et al., 2013).

3.5 | Factors associated with DFS

The relationships between CTCs and DFS are shown in Figure 3. As ≥2

CTCs/3.2ml did not correlate with shorter DFS (hazard ratio [HR]: 1.8,

95% CI: 0.8–4.0; p = 0.156), cutoffs of ≥3 and ≥5 CTCs/3.2 ml were

selected to investigate the influence of CTCs on DFS. Median DFS

rates were 23.8 and 16.0 months in patients with <3 and ≥3 CTCs/

3.2ml, respectively (p = 0.033). The presence of ≥3 CTCs/3.2 ml was

associated with poorer DFS on univariate analysis (HR: 2.5, 95% CI:

1.2–5.2, p = 0.011; Figure 3 and Table 2). The median DFS rates were

22.0 and 8.0 months in patients with <5 and ≥5 CTCs/3.2 ml,

respectively (p = 0.032). The presence of ≥5 CTCs/3.2ml was

associated with poorer DFS on univariate analysis (HR: 3.5, 95% CI:
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1.7–7.3, p < 0.001; Figure 3 and Table 2). Furthermore, poor

differentiation, AJCC/Union for International Cancer Control (UICC)

T staging, lymph node invasion, and CEA >10 U/ml predicted a

significantly poorer DFS rate. All variables that showed a significant

correlation on univariate analysis were subjected to Cox regression

analysis. Independent predictors of DFS were lymph node invasion

(HR: 2.7, 95%CI: 1.3–5.9, p = 0.010) and ≥3CTCs/3.2ml (HR: 3.0, 95%

CI: 1.4–6.4, p = 0.004). When ≥5 CTCs/3.2 ml was substituted for

TABLE 1 Clinical characteristics

Variations Number CTC <2 CTC ≥2 CTC <3 CTC ≥3 CTC <5 CTC ≥5

Gender

Female 29 6 23 11 18 21 8

Male 33 13 20 18 15 25 8

p 0.111 0.191 0.764

Age

< 60 28 7 21 12 16 22 6

≥60 34 12 22 17 17 24 10

p 0.382 0.575 0.475

Differentiation

Well or intermediate 43 13 30 21 22 33 10

Poor 19 6 13 8 11 13 6

p 0.916 0.624 0.490

Tumor stage

I–II 52 18 34 26 26 43 9

III–IV 10 1 9 3 7 3 7

p 0.241 0.415 0.002

Tumor size

T1–T2 23 6 17 13 10 20 3

T3–T4 39 13 26 16 23 26 13

p 0.550 0.237 0.078

Lymph nodes

N0 34 12 22 17 17 28 6

N1 28 7 21 12 16 18 10

p 0.382 0.575 0.106

Metastasis

M0 58 19 39 28 30 45 13

M1 4 0 4 1 3 1 3

p 0.303 0.701 0.083

CEA

< 10 ug/ml 50 16 34 23 27 38 12

≥10 ug/ml 12 3 9 6 6 8 4

p 0.902 0.803 0.767

Median DFS, months 19.0 22.0 18.0 23.8 16.0 22.0 8.0

p 0.211 0.033 0.032

Median OS, months 23.5 26.9 20.0 29.4 18.0 26.5 13.6

p 0.150 0.039 0.029

Treatment

Surgery + chemotherapy 41 12 29 18 23 32 9

Surgery 17 7 10 10 7 13 4

Chemotherapy 2 0 2 1 1 2 1

Supportive care 2 0 2 0 2 0 2

p-value <0.05 are indicated as bold.
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≥3 CTCs/3.2 ml in the multivariate models, ≥5 CTCs/3.2 ml (HR: 3.6,

95% CI: 1.7–7.6, p = 0.001) and lymph node invasion (HR: 2.9, 95% CI:

1.4–6.2, p = 0.006) remained independent predictors of DFS.

3.6 | Factors associated with OS

The median OS rates were 29.4 and 18.0 months in patients with <3

and ≥3 CTCs/3.2 ml, respectively (p = 0.039). The presence of ≥3

CTCs/3.2 ml was associated with poorer OS on univariate analysis

(HR: 2.7, 95% CI: 1.2–6.3, p = 0.014; Figure 4 and Table 3). The

median OS rates were 26.5 and 13.6 months in patients with <5 and

≥5 CTCs/3.2 ml, respectively (p = 0.029). The presence of ≥5 CTCs/

3.2 ml was associated with poorer OS on univariate analysis (HR: 3.8,

95%CI: 1.8–8.5, p < 0.001; Figure 3 and Table 3). Demographic

features including age and sex were not associated with poorer OS.

Tumor-related factors including poor differentiation, AJCC/UICC T

staging, lymph node invasion, distant metastasis, higher TNM

staging, and CEA >10 U/ml were significantly associated with poor

OS. On multivariate analysis, independent predictors of OS were

AJCC/UICC T staging (HR: 3.4, 95% CI: 1.1–10.5, p = 0.036), lymph

node invasion (HR: 2.6, 95% CI: 1.1–6.3, p = 0.034), and distant

metastasis (HR: 74.3, 95% CI: 10.2–543.1, p < 0.001). The presence

of ≥3 CTCs/3.2 ml tended to be an independent predictor of poor

OS (HR: 2.5, 95% CI: 1.0–5.4, p = 0.055). Additionally, ≥5 CTCs/

3.2 ml was an independent predictor of OS on multivariate analysis

(HR: 2.8, 95% CI: 1.2–6.5, p = 0.020). AJCC/UICC T staging (HR: 3.3,

95% CI: 1.1–10.4, p = 0.040), lymph node invasion (HR: 2.7, 95% CI:

1.1–6.8, p = 0.027), and distant metastasis (HR: 53.6, 95% CI:

7.2–400.9, p < 0.001) were also independent markers of poorer OS.

4 | DISCUSSION

In this study, CEP8, CD45, and DAPI were combined to detect CTCs in

patients with ampullary cancer and healthy controls. Our method,

which used a cutoff of 2 CTCs/3.2 ml whole blood, achieved a

sensitivity of 69.4%, and specificity of 95.8%. CTC may serve as a

potential prognostic factor for patients with ampullary cancer both in

terms of DFS and OS.

The detection rate of CTC depends on themethod. The CellSearch

system relies on EpCAMs and cytokeratin for cell identification and

enumeration, respectively. The CTC detection rates range from 11% to

57% in different tumors types (Allard et al., 2004). As EpCAM and

cytokeratin are not expressed in a fair proportion of CTCs, this method

has had to be continuously improved. Isolation by size of epithelial

tumor cells (ISET) allows highly sensitive enrichment, morphological

identification, andenumerationofCTCs (Vonaet al., 2000). In one study

based on the ISET method, CTCs were found in 18 of 29 patients

FIGURE 1 Identification of circulating tumor cells (CTCs). Cells
that were CD45-positive (a) and had ≤2 chromosome 8 centromeres
(CEP8) (b) were deemed not to be CTCs. Hyperdiploid cells in
peripheral blood samples with no CD45-positive staining were
identified CTCs; shown are a triploid CTC (c), tetraploid CTC (d), and
multiploid CTC (e). DAPI, 4′,6-diamidino-2-phenylindole

FIGURE 2 Circulating tumor cells (CTCs) in patients with ampullary cancer and healthy controls. Cells consistent with CTC staining
patterns in patients with ampullary cancer were significantly higher than those in healthy controls (p < 0.001) (a). Receiver operating
characteristic curve for CTC identification by combination staining with CD45, 4′,6-diamidino-2-phenylindole (DAPI), and fluorescence in situ
hybridization-CEP8 in ampullary cancers. The sensitivity of CTCs for the diagnosis of ampullary cancer was 69.4% and the specificity was
95.8% when using a cutoff value of 2 cells/3.2 ml. The area under the curve is 0.854 (95% confidence interval: 0.777–0.931, p < 0.001)
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(62.0%)withprimary invasivemelanomaand in five outof eight patients

(62.5%) with metastatic melanoma (De Giorgi et al., 2010). Khoja et al.

(2012) compared CellSearch and ISET in terms of CTC detection in 54

patients with pancreatic cancer, and found that ISET detects a higher

number ofCTCs than theCellSearchSystem.Polymerase chain reaction

(PCR)-based methods are also commonly used; CTCs were detected in

33.8–84% of patients by using Nested PCRwith CK20mRNA as a CTC

marker in different studies (Soeth et al., 2005; Zhou et al., 2011). The

method of combined immunostaining for CD45, DAPI, and CEP8-FISH

has shown great potential for CTC detection; this method yielded

sensitivities of 83.33% and 76.25% for detecting CTCs in lung and

ovarian cancers, respectively (Ning et al., 2014). In our study, combined

CD45, DAPI, andCEP8-FISH staining yielded a sensitivity of 69.4% and

specificity of 95.8% for ampullary cancer CTCdetection. This detection

ratewasmarginally lower than those in lung and ovarian cancers, which

may be related to the different biological characteristics of these

tumors. To improve the detection rate, immunostaining for cytokeratin

was used to detect CTCs; immunostaining of CK, CD45, DAPI, and

CEP8/FISH yielded sensitivities and specificities of 68.2% and 94.9% in

one pancreatic cancer study (Zhang et al., 2015) and 88% and 90% in

another, respectively (Gao et al., 2016). Another technique to improve

the detection rate was to capture circulating cells with aneuploidy

based on both CEP8 and CEP7 staining. This method yielded a

sensitivity of 84% and specificity of 97.6% in patients with lung cancer,

which were slightly better than the sensitivity and specificity rates of

76% and 100%, respectively, yielded when using CEP8 alone

(Chen & Xu, 2014).

The prognostic significance of CTC has been widely investigated

in tumors. A prospective study of 302 patients with nonmetastatic

breast cancer showed that ≥1 CTC/7.5 ml was a predictor of poorer

PFS and OS (Lucci et al., 2012). A similar result was obtained in a

large prospective trial using the CellSearch system in patients with

breast cancer (Rack et al., 2014). Studies have also evaluated the

prognostic significance of CTC in hepatocellular carcinoma (HCC); a

study using the CellSearch system showed that ≥1 CTC per sample

was associated with shorter OS on univariate analysis of 59 patients

with HCC (p = 0.02) (Schulze et al., 2013). A landmark study of CTC

using the CellSearch system showed that CTCs were independent

predictors of OS in patients with cholangiocarcinoma (Yang et al.,

2016). CTCs based on the immunostaining of CD45, DAPI, CK, and

FISH-CEP8 have also been found to be associated with OS; a

concentration of ≥3 CTCs/7.5 ml was an independent prognostic

factor in patients with pancreatic cancer (Gao et al., 2016). CTCs

identified based on FISH-CEP8 were associated with a curative

effect following paclitaxel and cisplatin treatment in patients with

advanced gastric cancer (Li et al., 2014). Patients with colon cancer

who had CTCs detected by CK20 using real-time PCR had

substantially worse OS rates compared to those without detectable

CTCs (Soeth et al., 2005). At the same time, several groups have

shown that CTCs are not a prognostic factor for OS in several

cancers. There was no statistically significant association between

CTCs detected using the CellSearch system and OS in 90 patients

with locally advanced rectal cancer who underwent neoadjuvant

chemoradiotherapy (Magni et al., 2014). CTCs detected by ISET

TABLE 2 Factors affecting DFS in patients with ampullary carcinoma

Univariate Multivariate for CTC ≥3 Multivariate for CTC ≥5

HR (95%CI) p value HR (95%CI) p value HR (95%CI) p value

CTC ≥3 2.5 (1.2–5.2) 0.011 3.0 (1.4–6.4) 0.004

CTC ≥5 3.5 (1.7–7.3) < 0.001 3.6 (1.7–7.6) 0.001

Sex (male) 0.8 (0.4–1.6) 0.537

Age (≥60) 1.2 (0.6–2.3) 0.684

Poor differentiation 2.3 (1.1–4.8) 0.018 - - - -

AJCC/UICC T staging 2.5 (1.1–5.5) 0.022 - - - -

Lymph node invasion 2.8 (1.3–5.9) 0.004 2.7 (1.3–5.9) 0.01 2.9 (1.4–6.2) 0.006

Higher TNM staging 2.2 (0.8–5.7) 0.103 - - - -

CEA >10 U/ml 2.2 (1.0–5.0) 0.048 2.3 (1.0–5.3) 0.055 - -

FIGURE 3 Kaplan–Meier estimates of disease-free survival according to the number of circulating tumor cells (CTCs) in patients with
ampullary cancer. (a) ≥2 versus <2, (b) ≥3 versus <3, and (c) ≥5 versus <5 CTCs/3.2 ml of blood

SUN ET AL. | 5019



tended to be associated with lower PFS rates, although without

statistical significance (p = 0.092) (Oh, Kim, Lee, & Kim, 2017). Few

studies have attempted to detect CTCs in patients with ampullary

cancer; ours demonstrated that CTCs were detectable in such

patients and showed that CTCs are an independent predictor of their

survival.

To date, the most reliable prognostic variables in patients with

ampullary cancer are lymph node invasion, TNM staging, histologic

grade, and serum CEA level (Zhou et al., 2004). Our results are

consistent with these previous studies. One study found that patients

with intestinal-type ampullary cancers had better prognoses than

those with pancreaticobiliary-type cancers (Henson, Schwartz, Nsouli,

& Albores-Saavedra, 2009). However, whether the histological type

plays a prognostic role is controversial (Zhou et al., 2011). Because the

histological types of this cancer have not beenwell-defined, we did not

explore this aspect. Expression levels of the promyelocytic leukemia

tumor suppressor protein and of human equilibrative nucleoside

transporter 1, as determined by immunohistochemical staining, were

found to be predictive of prognosis in patients with ampullary cancer

(Vincenzi et al., 2009). In our study, we showed that CTC levels have

good discriminatory power for predicting the prognoses of patients

with ampullary cancer as well. As a consequence, CTCs may represent

an ideal target for anticancer therapy.

There are several limitations to our study. The power of our

statistical analysis was limited by our small sample size. Furthermore,

the CTCs detected in our study were circulating aneuploid cells,

whereas circulating diploid tumor cells were not evaluated; therefore,

the CTC count identified using our method might have been

underestimated. Future research should attempt to improve CTC

enumeration and detection methods. It is reassuring that only 1 of the

24healthy control patients had≥2CTCs/3.2 ml; furthermore, 11 of the

62 patients had no detectable CTCs. These outcomes indicate that the

incidence of false positive cases in our study was low. However,

aneuploid cells are widely present in normal tissues and are associated

with cell stress, aging, and other factors. Therefore, it is necessary to

examine the role of aneuploid cells in the blood of patients with

cholangitis, gastrointestinal inflammation, pancreatitis, and benign

tumors to elucidate their roles in comparison to actual CTCs. Another

limitation was that our findings may not be applicable to all patients

with ampullary cancer since ours was a study at a single referral center.

Hence, further studies are required for additional validation in an

independent validation cohort. Aswe did not draw blood from patients

after treatment, we did not determine the impact of surgery and

chemotherapy on CTCs. Overall, the relationship between CTC trends

and prognosis requires further study.

5 | CONSLUSIONS

In summary, our data indicate a potential clinical value for CTCs based

on their detection via combination CD45, DAPI, and CEP8-FISH

staining. CTC levels were shown to be associated with tumor extent,

TABLE 3 Factors affecting OS in patients with ampullary carcinoma

Univariate Multivariate for CTC ≥3 Multivariate for CTC ≥5

HR (95%CI) p value HR (95%CI) p value HR (95%CI) p value

CTC ≥3 2.7 (1.2–6.3) 0.014 2.3 (1.0–5.4) 0.055

CTC ≥5 3.8 (1.8–8.5) <0.001 2.8 (1.2–6.5) 0.02

Sex (male) 0.8 (0.4–1.7) 0.559

Age (≥60) 0.5 (0.2–1.1) 0.069

Poor differentiation 2.3 (1.1–5.0) 0.029 - - - -

AJCC/UICC T staging 3.0 (1.1–7.9) 0.021 3.4 (1.1–10.5) 0.036 3.3 (1.1–10.4) 0.04

Lymph node invasion 3.9 (1.7–8.9) 0.001 2.6 (1.1–6.3) 0.034 2.7 (1.1–6.8) 0.027

Distant metastasis 71.8 (12.5–413.7) <0.001 74.3 (10.2–543.1) <0.001 53.6 (7.2–400.9) <0.001

Higher TNM staging 3.9 (1.7–9.1) 0.001 - - - -

CEA >10 U/ml 2.9 (1.3–6.5) 0.008 - - - -

FIGURE 4 Kaplan–Meier estimates of overall survival according to the number of circulating tumor cells (CTCs) in patients with ampullary
cancer. (a) ≥2 versus <2, (b) ≥3 versus <3, and (c) ≥5 versus <5 CTCs/3.2ml of blood
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and served as prognostic factors in patientswith ampullary cancer. The

role of CTCs in identifying therapeutic targets and determining follow-

up treatment ought to be further investigated.
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