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1 | INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is a highly malignant tumor with few
biomarkers to guide treatment options. Carbohydrate antigen 19.9 (CA19.9), the
most frequently used biomarker for PDAC, is not sensitive and specific enough for
the detection of the disease. This study aimed to evaluate serum periostin (POSTN)
and CA242 as potential diagnostic biomarkers complementing CA19.9 in detecting
pancreatic cancer. Blood samples were from 362 participants, including 213 patients
with different stages of PDAC, 75 patients with benign pancreatic disease, and 74
healthy individuals. All samples were randomly divided into a training set and a vali-
dation set. Carbohydrate antigen 19.9, CA242, POSTN, as well as carcinoembryonic
antigen, were measured by ELISA or automated immunoassay. The receiver operat-
ing characteristic curve analysis revealed that the performance of CA19.9 in the val-
idation group were improved by the marker panel composed of CA19.9, POSTN,
and CA242, to discriminate early stage PDAC not only from healthy controls (area
under the curve [AUClca199 = 0.94 vs AUCca19.9 + posTN + cazaz = 0.98, P < .05)
but also from benign conditions (AUCca199 = 0.87 vs AUCca19.9 + POSTN + CA242 =
0.90, P < .05). In addition, POSTN retained significant diagnostic capabilities to dis-
tinguish PDAC CA19.9-negative from healthy controls (AUCpostny = 0.87) as well as
from benign conditions (AUCpostn = 0.84) in the whole set. This study suggested
that POSTN and CA242 are potential diagnostic serum biomarkers complementing

CA19.9 in detecting early pancreatic cancer.
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dissemination, most patients with PDAC are diagnosed with
advanced and metastatic disease. As a result, palliative chemother-

Pancreatic ductal adenocarcinoma accounts for 2.2% of all cancers
and is the fourth most common cause of cancer-related death.!
Due to the lack of early symptoms, aggressive growth, and early

Abbreviations: AJCC, American Joint Committee on Cancer; AUC, area under curve; CA,
carbohydrate antigen; CEA, carcinoembryonic antigen; IHC, immunohistochemistry; PDAC,
pancreatic ductal adenocarcinoma; POSTN, periostin; ROC, receiver operating characteristic.

apy is always the only therapeutic option for these cases.?
Although a minority of 10%-20% of cases diagnosed with resect-
able disease, the recurrence rates of the disease approach close
to 80% owing to the development of local recurrence or distant
metastases.>* Moreover, the incidence of PDAC is rising globally

and is expected to be the third leading cause of cancer-related
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death, due to diagnostic delays and slow progress of treatment
options, by 2030.°

Visualization technology, such as computerized tomography, MRI,
endoscopic ultrasound, and laparoscopy, are used to identify the pres-
ence of pancreatic cancer lesions.® However, due to the cost, time,
invasiveness, and often unpleasant nature of these screening tools,
none has proven to be effective for patients in both general and high-
risk populations. On the contrary, non-invasive blood tests are widely
accepted and routinely used for the determination of biomarkers.

Attempts have been made at establishing a method of detecting
pancreatic cancer earlier through the use of biomarkers that can sig-
nal the presence of malignancy. Carbohydrate antigen 19.9 is the
most frequently used biomarker for patients with PDAC, but its sen-
sitivity and specificity are unsatisfactory, especially for the diagnosis
of early stage PDAC and for discrimination of PDAC from benign
pancreatic disease. Therefore, CA19.9 should not be used for
screening purposes.”® In addition, although relatively few PDAC
patients will be CA19.9-negative, taking into account such a high
rate of pancreatic cancer mortality, any false negatives using the
marker are unacceptable. For these reasons, research interests have
shifted to the development of biomarker panels.”1° Taken together,
it is crucial to explore novel and reliable non-invasive biomarkers
that complement CA19.9 to improve the diagnostic sensitivity and
specificity of diagnosing early PDACs.

Through bioinformatics analysis of publicly available expression
data in the Oncomine database (http://www.oncomine.com), we
found that POSTN was a candidate with great potential to serve as
a new circulating biomarker for PDAC. Carbohydrate antigen 242
was identified relatively late as a biomarker for the diagnosis, prog-
nosis, and surveillance of gastrointestinal malignancies,'* and a high
correlation between serum levels of CA242 and CA19.9 were
observed.*? However, its complementary role for CA19.9 in the early
diagnosis of PDAC has not been fully elucidated. Carcinoembryonic
antigen, the most widely used biomarker for gastrointestinal malig-
nancies, was also evaluated.

In this work, we investigated serum POSTN, CA242, and CEA
levels in PDAC patients and evaluated their complementary role,
with CA19.9, in the diagnosis of PDAC. We also developed a bio-
marker panel consisting of CA19.9, CA242, and POSTN, and vali-
dated its improved performance compared with CA19.9 alone. The
discriminating ability of POSTN and CA242 for CA19.9-negative
PDAC was also fully evaluated.

2 | MATERIALS AND METHODS

2.1 | Patients and specimens

This study analyzed 362 serum specimens that were obtained from
213 patients with PDAC at various stages, 75 patients with benign
pancreatic disease, and 74 sex- and age-matched healthy controls
without any gastrointestinal or malignant diseases at Tianjin Medical
University Cancer Institute and Hospital (Tianjin, China) between

June 2015 and February 2018. All procedures carried out in studies

involving human participants were approved by the Research Ethics
Committee of Tianjin Medical University Cancer Institute and Hospi-
tal and in accordance with the 1964 Helsinki Declaration ethical
standards. Written informed consent was obtained from all patients,
and the study was approved by the local Ethical Board.

Serum samples were harvested before surgery or treatment and
were collected, aliquoted, and snap frozen at —80°C until use. Data
on clinical parameters, including gender, age, and clinical stage were
collected. Blood samples and tissue specimens were obtained post-
operatively from 32 patients with PDAC, including 23 patients with-
out metastasis and 9 patients with metastasis at surgery. The
disease was staged according to the AJCC TNM classification.'®
According to AJCC, IIA and IIB are the cut-off points of resectable
and non-resectable PDAC, respectively. In our study, AJCC stages
IA, IB, and IlIA were classified as early stage PDAC and AJCC stages
IIB, Ill, and IV as late stage PDAC. All of the samples were randomly
divided into the training set and the validation set. Clinical character-
istics of PDAC patients and control subjects are summarized in
Table 1.

2.2 | Serum assays for POSTN using ELISA

Serum levels of POSTN in patients and control subjects were mea-
sured by the ELISA method using a commercial kit (R&D Systems,
Minneapolis, MN, USA), according to the protocol from the manu-
facturer. Briefly, 96-well ELISA microplates were coated overnight
with 100 pL POSTN antibody at a final concentration of 2 pg/mL

TABLE 1 Characteristics of samples from pancreatic ductal
adenocarcinoma (PDAC) patients and control subjects

Sample characteristic Training set  Validation set  Total
Healthy controls 37 37 74
Benign disease 32 43 75
Chronic pancreatitis 21 28 49
Other benign diseases® 11 15 26
PDAC early stage 30 38 68
PDAC IA 2 3
PDAC IB 3 5 8
PDAC IIA 25 30 55
PDAC late stage 68 77 145
PDAC IIB 38 36 74
PDAC Il 8 15 23
PDAC IV 22 26 48
PDAC CA19.9-negative 27 29 56
Total 167 195 362
Gender, female/male 80/87 92/103 172/190
Median (mean) age 64.7 65.4 64.6

20Other benign diseases including benign intraductal papillary mucinous
neoplasm and solid pseudopapillary neoplasm.

CA, carbohydrate antigen. Total number of patients in groups with sub-
categories were shown in bold.
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in PBS. After washing with PBS/0.05% (w/v) Tween-20 (PBST, pH
7.4), the wells were blocked with 300 pL blocking buffer at room
temperature for 1 hour. Serum samples (100 pL) were then added
and incubated at room temperature for 2 hours. Similarly, 100 pL
PBS-lacking Ab was used as a negative control. Following three
washes with PBST, 100 pL detection antibody diluted to a concen-
tration of 0.5 pg/mL was added. After incubation at room tempera-
ture for 2 hours, 100 pL avidin-HRP-conjugated secondary Ab (at
1:200 dilution) was added, and the plates were incubated at room
temperature for 20 minutes. The excess conjugate was removed by
washing the plates three times with PBST. The amount of bound
conjugate was determined by adding the TMB substrate solution
(Biolegend, San Diego, CA, USA) to each well, and the plates were
incubated at room temperature for color development. Stop Solu-
tion (50 pL, Biolegend) was added to each well. The absorbance
was measured at 450 nm using a Model 680 microplate reader
(Bio-Rad, Hercules, CA, USA). All samples were tested in duplicate.
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2.3 | Immunohistochemical staining for POSTN

Tissue sections were incubated with anti-POSTN antibody (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) at 1:100 dilution overnight at 4°C.
The scoring method, which combined intensity and percentage of posi-
tivity, was previously described,}* and extent and intensity measures
for each core were combined as weak (score 1), moderate (score 2), and

strong (score 3).

2.4 | Serum assays for CA19.9, CA242, and CEA

Serum CA19.9, CA242, and CEA were measured using electrochemilu-
minescence immunoassays on the Roche Cobas E601 immunoassay
analyzer (Roche Diagnostics, Mannheim, Germany) equipped with dedi-
cated reagents, according to the instructions from the manufacturer. All
of the assays were carried out at the department of Laboratory Medi-
cine, Tianjin Medical University Cancer Institute and Hospital.
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2.5 | Statistical analysis

Comparisons of levels of markers between groups were carried out
using the Mann-Whitney test. Non-parametric Spearman'’s correlation
coefficients method was used to evaluate the association among serum
POSTN, CA19.9, and CA242 levels. Because of the wide distribution of
CA19.9, CA242, and CEA levels, values were plotted on a logarithmic
scale. Receiver operating characteristic curves were generated to assess
diagnostic efficiency. The 95% confidence intervals for AUC and P-
values for comparison of related ROC curves were obtained by the
method described by DeLong and coworkers.*® Values of P < 0.05 were
considered statistically significant. All of these statistical analyses were
undertaken with spss 23.0 software (SPSS, Chicago, IL, USA).

3 | RESULTS

3.1 | Elevated serum levels of POSTN and CA242
in patients with PDAC

A meta-analysis of expression studies from the Oncomine database

was undertaken to explore new biomarker candidates for PDAC. All

of the eight pancreatic cancer datasets in Oncomine containing a dif-
ferential analysis of PDAC and normal tissues were included in this
study. The following approaches were combined: (i) comparing analy-
ses across the eight datasets identified the 20 most highly ranked
genes that were overexpressed in tumor tissues (Figure S1); (i) signal
peptide analysis showed that fibronectin 1, laminin, gamma 2,
POSTN, thrombospondin 2, and versican were predicted secreted
proteins; and (iii) analysis of published works revealed that POSTN
was involved in many aspects of PDAC tumorigenesis.?¢2° There-
fore, we focused our attention on POSTN in the subsequent study.
Serum levels of CA19.9, POSTN, CA242, and CEA were evalu-
ated in healthy controls, patients with benign pancreatic disease, and
patients with PDAC (divided into two groups: PDAC early stage and
PDAC late stage). As shown in Figure 1, serum levels of POSTN and
CA242, with analogous expression patterns of CA19.9, were signifi-
cantly increased in PDAC patients compared with those with benign
disease and healthy controls in both the training and validation
cohorts. In addition, the serum levels of the two markers in the
PDAC early stage group were also significantly elevated compared
to the control groups. Both POSTN and CA242 showed promising
potential as PDAC biomarkers. In contrast, CEA showed relatively

TABLE 2 Performances of biomarkers for the diagnosis of pancreatic ductal adenocarcinoma (PDAC)

Training set Validation set
AUC (95% CI) Sensitivity (%) Specificity (%) AUC (95% ClI) Sensitivity (%) Specificity (%)
Healthy vs PDAC early stage
CA19.9 0.94 (0.86-0.99) 96.7 83.8 0.94 (0.86-0.98) 86.8 94.6
POSTN 0.78 (0.66-0.87) 70.0 757 0.78 (0.66-0.86) 63.2 78.4
CA242 0.89 (0.79-0.95) 83.3 81.1 0.83 (0.73-0.91) 57.9 100
CA19.9 + POSTN 0.97 (0.90-1.00) 93.3 94.6 0.95 (0.88-0.99) 86.8 97.3
CA19.9 + CA242 0.96 (0.88-0.99) 90.0 94.6 0.97 (0.90-1.00) 86.8 97.3
POSTN + CA242 0.90 (0.80-0.96) 83.3 86.5 0.92 (0.84-0.97) 79.0 94.6
CA19.9 + POSTN + CA242 0.98 (0.90-1.00)* 96.7 94.6 0.98 (0.92-1.00)* 92.1 97.3
Benign disease vs all PDAC
CA19.9 0.88 (0.82-0.93) 85.7 81.3 0.88 (0.82-0.93) 84.4 81.4
POSTN 0.81 (0.74-0.88) 64.3 87.5 0.82 (0.76-0.88) 77.4 79.1
CA242 0.78 (0.70-0.85) 58.1 87.5 0.79 (0.72-0.85) 60.0 93.0
CA19.9 + POSTN 0.93 (0.88-0.97)* 84.7 90.6 0.92 (0.87-0.96) 83.5 93.0
CA19.9 + CA242 0.89 (0.83-0.94) 75.5 90.6 0.90 (0.84-0.94) 774 88.4
POSTN + CA242 0.87 (0.80-0.92) 67.4 96.9 0.89 (0.83-0.93) 84.4 83.7
CA19.9 + POSTN + CA242 0.94 (0.88-0.97)** 84.7 90.6 0.93 (0.88-0.96)* 80.0 97.7
Benign disease vs PDAC early stage
CA19.9 0.88 (0.77-0.95) 86.7 81.3 0.87 (0.78-0.93) 86.8 79.1
POSTN 0.74 (0.61-0.84) 53.3 87.5 0.72 (0.61-0.82) 65.8 79.1
CA242 0.78 (0.66-0.88) 83.3 62.5 0.77 (0.66-0.85) 57.9 93.0
CA19.9 + POSTN 0.90 (0.80-0.96) 96.7 75.0 0.84 (0.75-0.92) 65.8 93.0
CA19.9 + CA242 0.90 (0.79-0.96) 90.0 78.1 0.92 (0.83-0.97)* 76.3 93.0
POSTN + CA242 0.80 (0.68-0.89) 56.7 96.9 0.84 (0.74-0.91) 76.3 86.1
CA19.9 + POSTN + CA242 0.92 (0.82-0.97)* 96.7 75.0 0.90 (0.81-0.96)* 83.6 88.4

*P < 0.05 in comparison with carbohydrate antigen 19.9 (CA19.9); *#P < 0.01 in comparison with CA19.9.
AUC, area under the curve; Cl, confidence interval; POSTN, periostin.
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poor performances. Although CEA levels in PDAC patients were
higher than those in benign controls, no statistically significant differ-
ences were observed between the PDAC early stage group and the
healthy or benign disease groups (Figure S2). Carcinoembryonic anti-
gen might not be a valuable biomarker used for early diagnosis of

PDAC and was left out of subsequent analyses.

Cancer Science RUIs = e

The association between serum POSTN levels and IHC were
also evaluated. Representative figures for immunostaining score
are shown (Figure S3A); POSTN protein was mainly detected in
the ECM components adjacent to tumor cells, but the tumor cells
themselves showed no immunoreactivity except for occasional

weak intracytoplasmic staining. As shown in Figure S3B, there was
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a significant correlation between serum POSTN levels and IHC
scores.

Serum POSTN levels were compared in samples collected prior
to and 2 weeks after surgery. As shown in the Figure S4, the post-
operative levels of POSTN in PDAC patients without metastasis
were decreased significantly (P = 0.006). However, no significant

changes were observed in PDAC patients with metastasis (P = 0.24).

3.2 | Performances of POSTN and CA242 as
individual biomarkers for the diagnosis of PDAC

Performances of POSTN and CA242 as individual biomarkers were
evaluated by the ROC curves, and compared with CA19.9. As shown
in the Table S1 and Figure S5, all three markers showed remarkable
performance in distinguishing PDAC early stage from healthy con-
in the training set (AUCca199 = 0.94, AUCpostn = 0.85,
AUCcp242 = 0.88) and the validation set (AUCca199 = 0.94, AUC-
POSTN = 0.85, Auccaz42 = 0.85). As shown in Table 2 and Figure 2,
AUCs for CA242 to discriminate PDAC early stage from healthy con-
trols were comparable with CA19.9 in the training set (AUCca19.9 =
0.94, AUCcpz42 = 0.89) and in the validation set (AUCca190 = 0.94,
AUCca242 = 0.83). To discriminate PDAC from benign disease, both
markers had similar performances with CA19.9 in both the training
set (AUCca19.9 = 0.88, AUCpostn = 0.82, AUCca242 = 0.79) and the
(AUCcp19.9 = 0.88, AUCpostn = 0.82, AUCcazsz =
0.79). Similarly, to distinguish PDAC early stage from benign dis-

trols

validation set

ease, the performances of the three markers were comparable in
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both the training set (AUCCA19'9 =0.88, AUCPOSTN =0.81,

AUCcp242 = 0.78) and the validation set (AUCca199 = 0.88, AUC-
POSTN = 0.82, AuccAz42 = 0.79).

As shown in Figures 2 and S5 and Tables 2 and S1, CA19.9 was
observed with the best discriminatory performance in both the train-
ing and validation sets. However, if determined by its clinically used
cut-off (37 U/mL), as many as 27 (27.6%) patients in the training set
and 29 (25.2%) patients in the validation set would be missed by this
marker. The optimal cut-off values for each marker in all of the anal-
yses were obtained by optimizing Youden's index?! and are shown
in Table S1.

To assess how the serum biomarkers behaved in each group of
subjects, we constructed scatter plots between each marker. As illus-
trated in Figure 3, no correlation was found between serum CA19.9
and POSTN (R = 0.219, P < .001) or CA242 and POSTN (R = 0.295,
P < .001). However, there was a significant positive correlation
between serum levels of CA19.9 and CA242 (R = 0.617, P < .001).

3.3 | Complementary performances of POSTN and
CA242 for CA19.9 in the diagnosis of PDAC

To estimate whether the discrimination ability of CA19.9 could be
improved by POSTN and CA242, marker panel models were con-
structed. As shown in Figures 4 and S6 and Tables 2 and S1, the
three-marker panels composed of CA19.9, POSTN, and CA242
were observed with significantly improved AUCs than CA19.9
alone in all of the analysis groups (healthy vs all PDAC, healthy vs
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FIGURE 4 Complementarity of periostin (POSTN) and carbohydrate antigen 242 (CA242) for CA19.9 in the diagnosis of pancreatic ductal
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PDAC early-stage, benign disease vs all PDAC, and benign disease
vs PDAC early stage). To discriminate PDAC early stage from
healthy controls, significant improvements were shown in both the
training set (AUCca19.9 = 0.94 vs AUCca19.9 + posTN + cazaz = 0.98,
P < .05) and the validation set (AUCca199 = 0.94 vs AUCca19.9 +
POSTN + CA242 =098, P <.05). As a single marker, CA19.9

showed particularly poor performances in discriminating benign dis-
ease from all PDAC or from PDAC early stage (Figure 2, Table 2).
The AUCs were improved to 0.94 (training set, AUC, 99 = 0.88,
P < .01) as well as 0.93 (validation set, AUC;99 = 0.88, P < .05) to
distinguish benign disease from all PDAC, and 0.92 (training set,
AUC,95 = 0.88, P < .05) as well as 0.90 (training set, AUC499 = 0.87,
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P < .05) to distinguish benign disease from PDAC early stage by the
three-marker panel, respectively.

3.4 | Performance of POSTN and CA242 in the
diagnosis of CA19.9-negative PDAC patients

In order to further investigate the complementarity of POSTN and
CA242 for CA19.9 in the diagnosis of PDAC, we assessed the per-
formance of the two markers for patients with PDAC that were
missed by CA19.9, based on the clinically used threshold 37 U/mL.
Considering the relatively small number of cases, the data for the
whole set was also assessed. As shown in Figure 5 and Table 3,
POSTN retained significant ability to discriminate PDAC CA19.9-
negative from healthy controls in the training set (AUCpostn = 0.89),
the (AUCposTn = 0.85), the
(AUCposTn = 0.87). Moreover, the performance for POSTN to distin-
guish PDAC CA19.9-negative from benign disease was still notice-
able (AUCpostn = 0.87, training set; AUCposTn = 0.82, validation set;
and AUCppstn = 0.84, whole set).

validation set and whole set

4 | DISCUSSION

Pancreatic ductal adenocarcinoma is a common gastrointestinal
malignancy characterized by aggressive growth and early dissemina-
tion, and many patients with PDAC are diagnosed with advanced
stages.? Carbohydrate antigen 19.9 is the most commonly used
biomarker for patients with PDAC, but with unsatisfactory sensitivity
and specificity, especially for early stage disease.”® As our study
showed, although observed with the best performances in all analy-
sis groups, CA19.9 performed relatively poorly in distinguishing
benign disease from all PDAC or early stages of PDAC. Moreover, if
used the clinically used cut-off (37 U/mL), as many as 27 (27.6%)
patients in the training set and 29 (25.2%) patients in the validation
set would be considered negative. Therefore, it is essential to
explore novel and reliable non-invasive biomarkers to complement
CA19.9 to improve the diagnosis of PDAC. As an important strategy
to improve the diagnosis of PDAC, marker panel studies have gained
increased attention in recent years.” In the present study, we
identified that POSTN and CA242 could be potential diagnostic
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FIGURE 5 Performance of periostin (POSTN) and carbohydrate antigen 242 (CA242) in diagnosis of CA19.9-negative pancreatic ductal
adenocarcinoma (PDAC) patients. Receiver operating characteristic curves of POSTN, CA242, and POSTN + CA242 in the training, validation,
and whole cohorts. To distinguish PDAC CA19.9-negative from healthy controls (A-C), and benign disease (D-F) in the training, validation, and

whole cohorts, respectively
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serum biomarkers complementing CA19.9 in detecting early pancre-
atic cancer.

Periostin is a secreted matrix N-glycoprotein that plays vital roles in
numerous cancers, especially in gastrointestinal malignancy.'¢2%:22-26
For pancreatic cancer, it is reported that POSTN has a biphasic effect
on cell migration and correlates with the epithelial to mesenchymal
transition of human pancreatic cancer cells,'” participates in the pro-

cess of tumor angiogenesis,*¢

and could promote invasiveness and
resistance of pancreatic cancer cells to induce cell death.'”?” However,
few studies have focused on the clinical significance of serum POSTN
in patients with PDAC. The diagnostic value of POSTN as a non-inva-
sive serological biomarker for PDAC was assessed in this study. The
serum POSTN levels were found to be significantly elevated in patients
with PDAC, which were consistent with previous studies reporting
increased levels of POSTN mRNA in PDAC tissues.'”?” Moreover, the
result that postoperative levels of POSTN in PDAC patients without
metastasis were decreased significantly, as well as the result that there
was a significant correlation between serum POSTN levels and IHC
scores, all revealed one fact: pancreatic cancer tissues were probably
the main source of POSTN in the circulation. No obvious changes were
observed for those patients with metastasis. The explanation for this
might lay in the fact that metastatic tumors could also be the source of
serum POSTN, therefore, levels will not dramatically drop after primary
tumor resection. Altogether, these data suggested that serum POSTN
was upregulated in patients with PDAC.

The expression of POSTN in the serum of patients with PDAC
was correlated with tumor stage, and patients with advanced PDAC
tended have higher levels of POSTN than those with early stages of
PDAC. As most advanced cases of PDAC are metastasis tumors,
these results are consistent with the previous report that POSTN
was involved in the process of PDAC metastasis.X”"* The perfor-
mance of POSTN in diagnosing PDAC as an individual biomarker
was significant, particularly in distinguishing resectable or early stage
PDAC patients from control subjects. Additionally, as a component
of the marker panel, POSTN could improve the performance of
CA19.9, which illustrated that POSTN might provide an essential
complementary effect for CA19.9. In addition, this study found that
POSTN retained moderate diagnosis capabilities for patients with
CA19.9-negative PDAC. Taken together, these data indicated that
POSTN was an exceedingly promising diagnosis biomarker for PDAC.
Periostin, as a recently discovered serum tumor biomarker, not only
plays promising roles in the diagnosis of malignant diseases, but also
has important prognostic value for multiple tumors, such as hepato-

8 esophageal squamous cell carcinoma,?’ non-

cellular carcinoma,?
small-cell lung cancer,%° and breast cancer.3* However, whether high
levels of serum POSTN are associated with poor prognosis of
patients with PDAC is not yet known. In this study, it has been
shown that serum levels of POSTN in late-stage PDAC were higher
than in PDAC early stage. This is probably due to the infiltrative
growth or distant metastasis of tumor cells, which are also important
signs of poor prognosis. Long-term follow-up of PDAC patients is
necessary to reveal the potential prognostic implications of serum
POSTN levels.

Cancer Science RUIs = e

TABLE 3 Performance of periostin (POSTN) and carbohydrate
antigen 242 (CA242) in diagnosis of CA19.9-negative pancreatic
ductal adenocarcinoma (PDAC) patients

AUC (95% ClI) Sensitivity (%) Specificity (%)

Training set

Healthy vs PDAC CA19.9-negative
POSTN 0.89 (0.79-0.96) 70.4 94.6
CA242 0.76 (0.63-0.85) 77.8 73.0
POSTN + CA242 0.90 (0.80-0.96) 70.4 100

Benign disease vs PDAC CA19.9-negative
POSTN 0.87 (0.75-0.94) 70.4 93.8
CA242 0.62 (0.49-0.74) 77.8 53.1
POSTN + CA242 0.86 (0.75-0.94) 74.1 90.6

Validation set
Healthy vs PDAC CA19.9-negative

POSTN 0.85 (0.74-0.92) 75.9 784
CA242 0.70 (0.58-0.81) 38.0 97.3
POSTN + CA242 0.88 (0.77-0.94) 65.5 97.3
Benign disease vs PDAC CA19.9-negative
POSTN 0.82 (0.71-0.90) 75.9 79.1
CA242 0.63 (0.51-0.74) 31.0 97.7
POSTN + CA242 0.82 (0.71-0.90) 58.6 95.4
Whole set
Healthy vs PDAC CA19.9-negative
POSTN 0.87 (0.80-0.92) 85.7 71.6
CA242 0.73 (0.64-0.80) 69.6 68.9
POSTN + CA242 0.89 (0.82-0.94) 67.9 98.7
Benign disease vs PDAC CA19.9-negative
POSTN 0.84 (0.77-0.90) 58.9 97.3
CA242 0.62 (0.53-0.71) 76.8 50.7
POSTN + CA242 0.84 (0.76-0.90) 62.5 97.3

AUC, area under the curve; Cl, confidence interval.

Carbohydrate antigen 242 was identified relatively late as a
diagnostic, prognostic, and surveillance biomarker of gastrointesti-
nal malignancy.!* Preliminary results on the serum expression of
CA242 in pancreatic cancer were described in 1991 by Kuusela et
al.»? They reported a high correlation between the serum levels of
CA242 and CA19.9, which is consistent with the results of our
study.*? In spite of the similarity of the markers, there are signifi-
cant differences in the expression pattern of the two antigens in
many patients and the reason remains unknown.>? The comple-
mentary role of CA242 for CA19.9 in the early diagnosis of PDAC
has also not been fully elucidated. Although there is a high corre-
lation between serum CA19.9 and CA242, our study indicated
that the discriminating capabilities of CA19.9 for PDAC could be
significantly improved by CA242, especially to make up for the
shortcomings of CA19.9 in the diagnosis of early stage PDAC. All
of these data indicated that CA242 was of great clinical applica-
tion value.
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However, compared with POSTN, CA242 retained relatively poor
performance to distinguish between CA19.9-negative PDAC and
control subjects. One possible reason is that there is no correlation
between the expression of POSTN and CA19.9, but CA242 and
CA19.9 do have a correlation of expression.'? Patients with PDAC
missed by CA19.9 tend to be those with lower CA242 levels. How-
ever, the diagnostic ability of POSTN for pancreatic cancer is com-
pletely independent of CA19.9. Therefore, POSTN, rather than
CA242, might be more suitable to serve as a rescuer for patients
with PDAC missed by CA19.9. The two markers play different com-
plementary roles for CA19.9 in the diagnosis of PDAC.

In conclusion, this is the first study to fully illustrate the potential
value of serum POSTN as a diagnostic biomarker for PDAC, as well
as the complementary role of CA242 for CA19.9 in the early diagno-
sis of PDAC. Periostin and CA242 could improve the performance of
CA19.9 in the early diagnosis of PDAC. The performance of marker
panels were fully investigated in this study. A marker panel com-
posed of CA19.9, POSTN, and CA242 showed significantly improved
performance compared with CA19.9 alone, especially to distinguish
patients with early stage PDAC from control subjects. The data pre-
sented in our study could provide valuable information for the early
diagnosis of PDAC using CA19.9, POSTN, and CA242 as a marker
panel in clinical work. In conclusion, the present study suggested
that POSTN and CA242 were potential diagnostic serum biomarkers
complementing CA19.9 in detecting pancreatic cancer.
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