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Abstract

Background: This study was conducted to evaluate serum cytokeratin 19-fragments (CYFRA 21-1), in addition to serum carbohydrate antigen 19-9 (CA
19-9), as a novel biomarker for the diagnosis and prognosis of pancreatic cancer.

Methods: We performed a retrospective review of medical records of the patients whose serum CYFRA 21-1 and CA 19-9 levels were estimated in a
single institute from March 2011 to February 2014. The sensitivity and specificity of CYFRA 21-1 and CA 19-9 for pancreatic cancer were assessed, and
the overall survival of the patients was evaluated with respect to elevation of the CYFRA 21-1 levels.

Results: Records of 57 patients diagnosed with pancreatic cancer and 110 healthy individuals (control group) were collected. CYFRA 21-1 had a
sensitivity of 80.7%, specificity of 80%, positive predictive value of 67.6%, and negative predictive value of 88.9%, at a cut-off value of 1.93 ng/ml
determined by a receiver operating characteristics (ROC) analysis. The area under ROC (AUC-ROC) curves of CYFRA 21-1 and CA 19-9 were 0.83
[95% confidence interval (CI), 0.764-0.884) and 0.874 (95% CI, 0.814-0.921), respectively without any statistically significant difference (p = 0.333). No
correlation was observed between the CYFRA 21-1 levels and the serum total bilirubin levels. For overall survival, a CYFRA 21-1 level of > 5 ng/ml
indicated a poor prognosis among patients with pancreatic cancers (median survival, 4.4 vs. 9.5 months, p = 0.000). CYFRA 21-1 level was also found to

be an independent prognostic factor in the multivariate analysis [hazard ratio, 2.277 (95% CI, 1.137-4.559), p = 0.020].

Conclusion: CYFRA 21-1 can be a valuable biomarker for the diagnosis and prognostic prediction of pancreatic cancer.
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Introduction

Pancreatic cancer is a fatal disease with poor response to treatment
and dismal prognosis. It is a commonly occurring cancer in men and
women (ranked ninth and tenth respectively) and is the fifth and the
sixth leading cause of mortality, respectively, globally. It is the sole
type of cancer in which the five-year relative survival rate has not
shown any significant improvement in Korea from 1999 to 2015 (5.4%
to 5.7%) [1]. Only 15-20% of patients have a resectable disease at
presentation, and the initial resectability rate has also not increased in
the past decades despite recent advances in the diagnostic technologies
and health screening programs [2]. Therefore, there remains a huge
need for an improvement in the diagnosis of pancreatic cancer in this
present era.

Estimation of biomarkers from blood is an adjunctive diagnostic
method for pancreatic cancer. The most commonly used and valuable
biomarker for the diagnosis and monitoring of this cancer, in practice,
is serum carbohydrate antigen 19-9 (CA 19-9). It is a sialylated
Lewis antigen expressed in normal epithelium of pancreas, bile ducts,
gallbladder, and stomach. However, because 10-15% of the total
population lacks the Lewis antigen, a small proportion of patients
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with pancreatic cancer may not show an increase in the levels of serum
CA 19-9 regardless of the tumor burden. Benign inflammation of the
pancreas or biliary tract can also increase the CA 19-9 levels, leading
to diagnostic inaccuracy [3]. Thus, no biomarker, superior to CA 19-
9, has been yet accepted.

CYFRA 21-1 is a circulating fragment of cytokeratin 19 (CK19),
which is a constituent of the intermediate filament protein necessary
for the structural stability of epithelial cells. CK19 is expressed in
various kinds of epithelial cells but is rarely detected in the blood of
healthy individuals [4]. Accordingly, serum CYFRA 21-1 levels have
been widely evaluated as a potential biomarker for a variety of cancers,
such as colorectal cancer [5,6], breast cancer [7], cervical cancer [8],
cholangiocarcinoma [9-11], and urothelial carcinoma [12]. Presently,
it is most commonly used as a tumor marker for non-small cell lung
carcinoma [4,13-15]. Nakata et al. have reported that CYFRA 21-1
was effective in monitoring treatment response and detection of
disease relapse in patients with breast cancer [7]. Washino et al. have
shown that CYFRA 21-1 could be an indicator of advanced and high-
grade urothelial carcinoma, and can be useful to monitor the disease
and predict its prognosis [12].
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However, there are very sparse data on the role of CYFRA 21-1
as a biomarker for pancreatic cancer. Boeck et al. have reported
that serum CYFRA 21-1 was valuable in monitoring response to
systemic chemotherapy and predict overall survival (OS) in patients
with advanced pancreatic cancer [16]. Recently, Nolen et al. have
evaluated the efficacy of a variety of serum biomarkers for pancreatic
ductal adenocarcinoma in a large prospective cohort study of cancer
screening. Their study revealed that the combination of CA 19-9,
carcinoembryonic antigen (CEA), and CYFRA 21-1 could provide the
highest efficacy for the detection of pancreatic ductal adenocarcinoma
[17]. In the present study, we have retrospectively analyzed the
diagnostic potential of serum CYFRA 21-1 for pancreatic cancer.

Materials and methods

Data collection and analysis

The medical records of the patients diagnosed with pancreatic
cancer, whose serum CYFRA 21-1 and CA 19-9 were estimated at the
Incheon St. Mary’s Hospital, the Catholic University of Korea, College
of Medicine from March 2011 to February 2014 were retrospectively
collected. The patients who were diagnosed with cancer, except
pancreatic cancer, were excluded. Demographic characteristics,
histologic type, cancer stage, distant metastatic organs, serum CYFRA
21-1, CA 19-9, total bilirubin level, treatment modality, and clinical
outcomes were analyzed by a retrospective chart review. The cancer
staging was determined based on the American Joint Committee
on Cancer staging system, 8" edition. During the study period, the
serum CYFRA 21-1 was uniformly measured by a two-step sandwich
chemiluminescent microparticle immunoassay (Architect i2000SR,
Abbott Laboratories, Ltd., II, USA).

Statistical analysis

The comparison of groups was performed by the Kruskal-Wallis
and chi-squared tests. For continuous variables, the Mann-Whitney
U test was performed. The correlations among the CA 19-9, CYFRA
21-1, and serum total bilirubin levels were assessed using the
Spearman correlation test. All statistical analysis was performed with
SPSS version 12.0 for Windows (IBM, NY, USA), except for plotting
the receiver operating characteristics (ROC) curves. The area under
the ROC (AUC-ROC) curves and comparison of the ROC curves for
CYFRA 21-1 and CA 19-9 were computed with MedCalc version 17.4
(MedCalc Software, Ostend, Belgium).

Results

Clinicopathological characteristics of patients

In the present study, 57 patients were diagnosed with pancreatic
cancer. The median age was 63 years (range 42—84 years), and 35
(61.4%) patients were males. For the 110 healthy individuals (control
group), the median age was 55 years (range 28—82) and 58 patients
(52.7%) were males.

Of the 57 patients with pancreatic cancer, 48 (84.2%)
were histologically confirmed for ductal adenocarcinoma or
adenocarcinoma otherwise. Three (5.3%), five (8.8%), and one
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(1.8%) patients were diagnosed with intraductal papillary mucinous
neoplasm-associated carcinoma, unspecified carcinoma, and acinar
cell carcinoma, respectively. At presentation, 22 patients (38.6%) were
diagnosed with pancreatic cancer without evidence of any distant
metastases, while 35 patients (61.4%) were proven to have distant
metastases. The total serum bilirubin was > 2 mg/dl in 11 (19.3%)
patients with pancreatic cancer at the time of CYFRA 21-1 and CA
19-9 estimation. The baseline patient characteristics are enlisted in
(Table 1 & Figure 1).

Table 1. Baseline characteristics of the study population

Variables Pancreatic cancer Control
(n=57) (n=110)
Median (range) 64 (42-84) 55 (28-82)
Age (years)
Mean (SD) 63.7 (9.3) 54.6 (12.3)
Male 35(61.4) 58(52.7)
Gender (%)
Female 22 (38.6) 52 (47.3)
Ductal ' 19 (33.3)
adenocarcinoma
Adenocarcinoma 29 (50.9)
Achar cell 1(18)
carcinoma
Poorly
. differentiated 1(1.8)
0,
Histopathology (%) carcinoma
Und?fferentlated 2(3.5)
carcinoma
1PMN-assomated 3(5.3)
carcinoma
Carcinoma.
’ 2(3.
unspecified G-3)
1A 1(1.8)
A 3(5.3)
AJCC stage (%) 1B 9 (15.8)
il 9 (15.8)
v 35(61.4)
Non-metastatic 22 (38.6)
Disease extent (%)
Metastatic 35(61.4)
<2 46 (80.7
Serum total - ( )
bilirubin (mg/dl) - 11(19.3)
SD, standard deviation; IPMN, intraductal papillary mucinous neoplasm

CYFRA 21-1 and CA 19-9 levels

The mean levels of serum CYFRA 21-1 were 13.11 + 26.33 ng/
ml and 1.64 + 1.27 in the patients with pancreatic cancer and control
group, respectively, showing a significant difference between the two
groups (p < 0.001). The mean levels of serum CA 19-9 were 5355.35
+ 13625.22 ng/ml and 40.39 + 219.96 in the patients with pancreatic
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cancer and control group, respectively, showing a significant difference
between the two groups (p < 0.001). In 22 patients with non-metastatic
pancreatic cancer, the mean CYFRA 21-1 and CA 19-9 levels were
2.87 £ 2.71 ng/ml and 582.19 + 854.49 U/ml, respectively. Both the
markers were significantly higher in the patients with non-metastatic
pancreatic cancer than in the control group (p = 0.002 and p < 0.001,
respectively) (Table 2 and Figure 2 & 3).
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Figure 1. Distribution of serum CYFRA 21-1 levels in the patients with advanced
pancreatic cancer, localized pancreatic cancer, and the control group

Table 2. Serum CYFRA 21-1 and CA 19-9 levels

Metastatic Non-metastatic
i : . Control
Biomarker (n) pancreatic cancer Pancreatic cancer (n = 110)
(n=35) (n=22)
CYFRA21-1
(ng/ml) 19.35+£32.05 2.87+2.71 1.64+1.27
(mean + SD)

CA 19-9 (U/ml)

(mean £ SD) 8355.63 £16772.34

582.19 + 854.49 40.39 +219.96

SD, standard deviation
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Figure 2. Distribution of serum CA 19-9 levels in the patients with advanced pancreatic
cancer, localized pancreatic cancer, and the control group
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Figure 3. Receiver operating characteristic (ROC) curves for CYFRA 21-1 and CA 19-9

Determination of the cut-off value, sensitivity, specificity,
and predictive value of CYFRA 21-1 using ROC curve
analysis

CYFRA 21-1 was elevated in 46 patients with pancreatic cancer,
and 22 patients without malignancy, with a cut-off value of 1.93 ng/
ml. The sensitivity, specificity, positive predictive value, and negative
predictive value were 80.7%, 80%, 67.6%, and 88.9%, respectively. The
sensitivity, specificity, positive predictive value, and negative predictive
value of CA 19-9 were 75.4%, 84.5%, 71.7%, and 84.5%, respectively,
with a cut-off value of 35 U/ml. No significant difference was observed
in the sensitivity and specificity between CYFRA 21-1 and CA 19-9.

Comparison of ROC curves between CYFRA 21-1 and CA
19-9

The AUC-ROC curves of CYFRA 21-1 and CA 19-9 were 0.83
[95% CI, 0.764-0.884] and 0.874 (95% CI, 0.814-0.921), respectively
(Figure 3). The comparison of AUC-ROC curves between CYFRA

21-1 and CA 19-9 revealed no statistically significant difference (p
=0.333).

Spearman correlation coefficients among CYFRA 21-1, CA
19-9, and serum total bilirubin in patients with pancreatic
cancers

There was a significant positive correlation between the CYFRA
21-1 and the CA 19-9 levels (r = 0.607, p < 0.001). The CYFRA 21-1
levels, however, did not correlate well with the serum total bilirubin
levels (r = 0.057, p = 0.676). A weak correlation between the CA 19-9
levels and the total serum bilirubin levels (r = 0.257) was observed,
which was not statistically significant (p = 0.054).

Prognostic value of CYFRA 21-1 and CA 19-9 for patients
with pancreatic cancer

The patients with pancreatic cancers with CYFRA 21-1 levels >5
ng/ml showed shorter overall survival than those with CYFRA 21-1
levels < 5 ng/ml (median OS 4.4 months and 9.5 months, respectively,
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log rank p = 0.000) (Figure 4). A CA 19-9 level of > 300 U/ml was also
an indicator of poor prognosis and corresponded to a median OS of
5.3 months. A median OS of 11.3 months was observed in patients
with pancreatic cancers with CA 19-9 levels <300 U/ml (log rank p
= 0.006) (Figure 5). A multivariate analysis using Cox’s regression
model showed that CYFRA 21-1 was a single independent prognostic
factor predicting inferior overall survival (hazard ratio 2.277, 95% CI,
1.137-4.559, p = 0.020).
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Figure 4. Kaplan-Meier curve for overall survival according to the CYFRA 21-1 level
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Figure 5. Kaplan-Meier curve for overall survival according to the CA 19-9 level

Discussion

The present study investigated the diagnostic and prognostic
value of CYFRA 21-1 as compared to CA 19-9. Boeck et al. described
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the clinical utility of CYFRA 21-1 as a marker in pancreatic
cancer. However, they have evaluated the response predictability
to chemotherapy at a palliative setting, and its prognostic value in
advanced disease [16]. Nolen et al. reported that a triple combination
of CA 19-9, CEA, and CYFRA 21-1 provided the highest efficacy for
screening pancreatic cancer in a prospective cohort study, and to the
best of our knowledge, it is the sole study that suggested the diagnostic
value of CYFRA 21-1 [17]. But their study did not explicitly provide
the sensitivity, specificity, positive predictive value, and negative
predictive value of CYFRA 21-1. During the course of our study,
another study establishing the pre-chemotherapy CYFRA 21-1 as an
independent prognostic factor in patients with advanced pancreatic
cancer was published. This study, however, also did not investigate the
diagnostic value of CYFRA 21-1 [18].

The median value of CYFRA 21-1 in the current study was
higher than the value measured by Boeck et al. across all population
subtypes (7.5, 2.6, and 1.5 ng/ml in metastatic, recurrent, and locally
advanced cancer, respectively), keeping in consideration that our
study was performed in a single hospital setting [16]. The sensitivity
and specificity of CYFRA 21-1 were comparable to that of CA 19-9,
although it failed to prove a statistically significant superiority. The
comparison of diagnostic value, as assessed by AUC-ROC curves
showed no significant difference between CYFRA 21-1 and CA 19-
9. Thus, we can hypothesize that the patients with pancreatic cancers
lacking sialylated Lewis antigens may benefit from the use of CYFRA
21-1 as a potential biomarker.

Currently, the most commonly used serum biomarker for
pancreatic cancer is CA 19-9. According to the results of numerous
studies, the sensitivity and specificity of CA 19-9 for pancreatic
cancer vary in the range of 67-92% and 68-92%, respectively [3].
Postoperative CA 19-9 is considered to be a more reliable biomarker
than preoperative CA 19-9 [19-22], which is attributed to the fact that
obstructive biliary stasis can also cause elevation of CA 19-9 levels
[23, 24]. Therefore, it is worthwhile to investigate another adjunctive
biomarker which is not usually affected by biliary obstruction.

A variety of proteins, DNAs, and RNAs extracted from blood
were assessed in various studies as additional diagnostic markers
for pancreatic cancer. However, their reported diagnostic values
were inconsistent to be applied in clinical practice [25-28].
Genetic molecules such as DNAs and RNAs still have low utility as
biomarkers due to their reliability, practicality, and cost-effectiveness
issues. CYFRA 21-1 measurement involves the detection of serum
cytokeratin-19 fragment by two monoclonal antibodies. Thus, it is
a relatively simple method, which can be easily utilized in routine
clinical practice. Cytokeratins are known to express various subtypes
in a variety of epithelial cells, and retain their molecular structures
when epithelial cells are transformed during malignancy [29, 30].
Cytokeratin-19 is expressed positively in most pancreatic cancer
tissues, as confirmed by immunohistochemistry [31].

This study revealed a strong positive correlation between CYFRA
21-1 and CA 19-9 levels. No correlation, however, was observed
between CYFRA 21-1 and total bilirubin levels, and a weak non-
significant correlation was observed between CA 19-9 and total
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bilirubin levels. This raises the possibility of the clinical usefulness of
CYFRA 21-1 as a biomarker in pancreatic cancer.

We can hypothesize that CYFRA 21-1 may be helpful when the
elevation of CA 19-9 is suspected to be confounded by obstructive
biliary stasis, which is frequently present in the patients with
pancreatic cancers. We, therefore, hypothesize that CYFRA 21-1 can
be useful in diagnosing pancreatic cancer in patients with no elevation
of CA 19-9, nevertheless, this hypothesis needs to be tested in a larger
sample. Additionally, CYFRA 21-1 and CA 19-9 were found to be good
prognostic indicators for pancreatic cancer. A multivariate analysis
revealed that CYFRA 21-1, contrary to CA 19-9, is an independent
prognostic factor for the OS in pancreatic cancer. This result is
supported by previous studies by Boeck et al. [16] and Haas et al. [18].

Our study has some limitations. It is a retrospective analysis that
reviewed medical records from a single institute and has heterogeneity
in the study population because patients in all stages of pancreatic
cancers were included. However, to the best of our knowledge, more
robust results on this subject have not been published till date. In
conclusion, CYFRA 21-1 can be considered as a valuable diagnostic
and prognostic biomarker compared to CA 19-9 in pancreatic cancer.
Larger prospective studies to verify the prognostic value of CYFRA
21-1 and CA 19-9 in pancreatic cancer are warranted.
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