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ABSTRACT. The proteolytic region of cytokeratin-19, referred to as
CYFRAZ21-1, is a soluble molecule present in the serum and other body
fluids, and is considered a tumor marker in several neoplastic diseases.
To examine whether urinary or serum samples containing CYFRA21-1
can be used as biomarkers for bladder cancer, we conducted a
comprehensive meta-analysis of 3 case-control studies. In all studies
considered, patients with bladder cancer had a higher CYFRA21-1
level than healthy subjects. Subgroup analysis showed that patients
with metastatic bladder cancer had a higher CYFRA21-1 level than
those with locally invasive disease. However, no significant difference
in CYFRA21-1 was observed between patients with stage I and stage
IT bladder cancer; there was also no difference in patients with stage
I local bladder cancer and those with stage III local bladder cancer.
Based on our results, CYFRA21-1 level may be a diagnostic biomarker
for diagnosing bladder cancer as well as a possible biomarker for
differentiation between local and metastatic bladder cancer. However,
it cannot be used as a urinary or serum biomarker for differentiating
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histological stages of local bladder cancer for histological grades I-I11.
Key words: Bladder cancer; CYFRA21-1; Meta-analysis

INTRODUCTION

Bladder cancer is among the 10 most frequent cancers worldwide. Diagnostic pro-
cedures in patients with bladder cancer symptoms include urine cytology, cystoscopy with
biopsy, and excretory urography, but cystoscopy remains the reference method for detecting
primary or recurrent transitional cell carcinoma (Raghavan et al., 1990). Depth of muscle in-
vasion is used to classify the clinical stage, and differentiation and histological characteristics
are used for tumor grading. Treatment and prognosis depend on these latter features (Griffiths
and Neal, 1996). Superficial tumors are transurethral resected and may also receive intra-
vesical chemotherapy (Newling, 1996), while invasive tumors are deep-resected and treated
with systemic therapy, and cystestomized (Javle and Raghavan, 1996) and metastatic tumors
are treated with systemic chemotherapy. More than 50% of superficial tumors recur within
5 years, and 10-20% of these progress into invasive disease. Prognosis is multifactorial, and
regular follow-up is required (Morris et al., 1995). Cystoscopy is an invasive and uncomfort-
able procedure; therefore, many investigators have attempted to develop alternative methods
(Nisman et al., 2009). Cytology is a diagnostic modality that can replace cystoscopy, but its
sensitivity is too low to detect low-grade neoplasms (Badalament et al., 1987). Considerable
effort has been made to identify noninvasive biomarkers for bladder cancer with sufficient
diagnostic ability.

Biomarkers can be specific cells, enzymes, hormones, genes, or gene products that
can be detected and measured in parts of the body such as the blood, urine, or tissue (Bhide et
al., 2013). Numerous reports have recently been published regarding serum tumor markers for
bladder cancer. The proteolytic region of cytokeratin (CK)-19, referred to as CYFRA21-1, is
a soluble molecule in the serum and other body fluids and has been used as a tumor marker in
several neoplastic diseases. High levels of CYFRA21-1 have been observed in patients with
solid tumors, including lung (Stieber et al., 1994), head and neck (Doweck et al., 1995), gas-
tric (Nakata et al., 1996), ovarian (Hasholzner et al., 1994), breast (Nakata et al., 2000), and
prostate cancers (Theyer et al., 1999). We hypothesized that measuring the urinary or serum
levels of CYFRA21-1 would serve as a valuable biomarker for the diagnosis of bladder can-
cer. Furthermore, if CYFRA21-1 levels significantly differ in different clinical stage of blad-
der cancer, measuring CYFRA21-1 levels will be useful for diagnosis, assessment, follow-up,
and recognition of bladder cancer recurrence. Therefore, we performed a meta-analysis that
included the most recent and relevant articles to identify statistical evidence of the usefulness
of CYFRAZ21-1 in bladder cancer.

MATERIAL AND METHODS
Literature search
We performed an electronic search of the PubMed, Cochrane library, Embase, Web of

Science, Springer Link, and CBM databases extensively to identify relevant studies available
through December 11, 2013. The search terms included [‘bladder cancer’ or ‘bladder tumor’
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or ‘bladder neoplasms’ (Mesh)] and [‘proteolytic part of CK-19” or ‘CYFRA21-1" (Mesh)].
References in the eligible studies or textbooks were also reviewed through a manual search to
identify other potentially eligible studies.

Inclusion and exclusion criteria

The studies included were required to meet the following criteria: i) the type of
study should be a case-control study; ii) these case-control studies should focus on the as-
sociation between CYFRA21-1 level and bladder cancer; iii) all patients were diagnosed
with bladder cancer (diagnosis was based on cystoscopy, transurethral resection or cys-
tectomy when applicable, and histopathological confirmation); iv) patient bladder tumors
were graded (I, II, or III) according to the 1973 World Health Organization system. The
publication language was restricted to English. Studies were excluded if they reported
incomplete, useless, or overlapping data; if they used median and interquartile ranges to
describe the CYFRA21-1 levels; or if they were meta-analyses, letters, reviews, or edito-
rial articles.

Data extraction

Using a standardized form, data from published studies were extracted independently
by 2 reviewers (Li Kuang and Wenjun Song) to populate the necessary information. The fol-
lowing information was extracted from each of the articles: first author, year of publication,
study design, source of cases and controls, number of cases and controls, sample, clinical
symptom, treatment, and CYFRA21-1 level. In case of conflicting evaluations, an agreement
was reached following discussion with a third reviewer (Fulin Song).

Quality assessment of studies included

Two reviewers (Li Kuang and Wenjun Song) independently assessed the quality
of papers according to modified STROBE quality score systems (von Elm et al., 2007;
Zhang et al., 2011). Forty assessment items related to quality appraisal were used in this
meta-analysis, with scores ranging from 0-40. Scores of 0-20, 20-30, and 30-40 were
defined as low, moderate, and high quality, respectively. Disagreement was resolved by
discussion.

Statistical analysis

The standardized mean difference (Std.MD) or mean difference (MD) and 95%
confidence interval (95%CI) were calculated using Review Manager Version 5.1.6 (pro-
vided by the Cochrane Collaboration, available at: http://ims.cochrane.org/revman/down-
load) and STATA Version 12.0 (StataCorp, College Station, TX, USA) software. Between-
study variations and heterogeneities were estimated using Cochran’s Q-statistic (Higgins
and Thompson, 2002; Zintzaras and loannidis, 2005) (P < 0.05 was considered to indicate
statistically significant heterogeneity). We also quantified the effect of heterogeneity us-
ing the I? test, which ranged from 0-100% and represented the proportion of inter-study
variability that can be attributed to heterogeneity rather than by chance. When a signifi-
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cant Q-test (P < 0.05) or I > 50% indicated that heterogeneity among studies existed,
the random effects model was conducted for meta-analysis. Otherwise, the fixed effects
model was used. To establish the effect of heterogeneity on the conclusions of the meta-
analyses, subgroup analysis was carried out. Funnel plots were used to detect publication
bias. However, because of limitations caused by varied sample sizes and subjective re-
views, Egger’s linear regression test, which measures funnel plot asymmetry using a natu-
ral logarithm scale of the odds ratio (OR), was used to evaluate publication bias (Peters et
al., 2006). When the P value was <0.05, publication bias was considered to be statistically
significant. All P values were 2-sided. To ensure the reliability and accuracy of the results,
2 reviewers (Li Kuang and Wenjun Song) populated the data in the statistical software
programs independently and obtained the same results.

RESULTS
Characteristics of studies included

According to the inclusion criteria, 3 studies (Sanchez-Carbayo et al., 1999; Andreadis
et al., 2005; Washino et al., 2011) met the inclusion criteria and were included in the meta-
analysis. The flow chart of study selection is shown in Figure 1. The 3 case-control studies
included 227 patients with bladder cancer (97 patients diagnosed with locally invasive bladder
cancer and 99 with metastatic bladder cancer histological stages I, I, and III, including
39, 60, and 68 patients, respectively), as well as 63 controls. The publication years of the
studies ranged from 1999 to 2010. All patients were diagnosed with bladder cancer based
on cystoscopy, transurethral resection or cystectomy when applicable, and histopathological
confirmation. Control subjects were healthy individuals. All quality scores of studies included
were >20 (moderate-high quality). The characteristics and methodological quality of the
studies included are summarized in Table 1.

Electronic databases research
(December 11 2013)

N=116
14 - Letters or reviews
Excluded N=84 #  56-Not related with Bladder Cancer
y 54-Not related with Urine or Serum CYFRA21-1

Evaluate CYFRA21-1 level and bladder cancer|

N=32

15 -Without sufficient data for extraction
Excluded N=29 > 6 - Not case-control study

6 - Duplicate publication

2 - Using median and interquartile ranges

y

Studies included in this Meta-analysis
N=3

Figure 1. Flow chart showing study selection procedure.
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Difference between patients with bladder cancer and healthy controls in
CYFRA21-1 levels

A summary of the meta-analysis findings of the difference in CYFRA21-1 levels be-
tween patients with bladder cancer and healthy controls is provided in Figure 2. The meta-
analysis result showed that patients with bladder cancer had higher CYFRA21-1 levels than
healthy controls (Std.MD = 0.70, 95%CI = 0.40-1.00, P < 0.00001). Sensitivity analysis was
conducted by omitting single studies, and no influence was observed in the significance of the
pooled Std.MD.

Bladder Cancer Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean _ SD Total Mean SD Total Weight V. Fixed, 95% C V. Fixed, 95% CI
1.1.1 Urine Sample
Marta Sanchez-Carbayo1999 126.7 2608 86 27 08B 30 49.4% 0.54 [0.12, 0.96] —a—
Subtotal (95% CI) 86 30 49.4% 0.54 [0.12, 0.96] e
Heterogeneity: Not applicable
Test for overall effect: Z = 2.52 (P = 0.01)

1.1.2 Serum Sample
Andreadis 2006 20.23 26.67 86 071 023 33 506% 0.85 [0.44, 1.27] —a—
Subtotal (95% CI) 86 33 50.6% 0.85 [0.44, 1.27] -
Heterogeneity: Not applicable

Test for overall effect: Z = 4.02 (P < 0.0001)

Total (95% C) 172 63 100.0% 0.70 [0.40, 1.00] -
Heterogeneity: Chi? = 1.06, df = 1 (P = 0.30); I = 5% ' ! )
Test for overall effect: Z = 4.63 (P < 0.00001)

Test for subgroup differences: Chi? = 1.06, df = 1 (P = 0.30), I* = 5.3%

Figure 2. Association between CYFRA21-1 levels and bladder cancer risk. 95%CI = 95% confidence interval; df
= degrees of freedom.

-2 -1 0 1 2
Favours experimental Favours contral

Difference between patients with bladder cancer histological stages I and II in
CYFRA21-1 levels

A summary of the meta-analysis findings regarding the difference in CYFRA21-1
levels between patients with bladder cancer histological stages I and II is shown in Figure 3.
The meta-analysis results revealed no significant difference between patients with bladder
cancer histological stages I and II for CYFRA21-1 levels (P = 0.47). Sensitivity analysis was
conducted by omitting single studies, and no influence was found in the significance of the
pooled Std.MD.

Grade Il Grade lll Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight 1V, Fixed. 95% CI IV, Fixed, 95% C|
3.1.1 Urine Sample
Marta Sanchez-Carbayo1999 142,98 327.7 26 1536 363 26 41.6% -0.05 [-0.58, 0.50]
Subtotal (95% CI) 26 26 416% -0.05 [-0.59, 0.50]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.16 (P = 0.87)

3.1.2 Serum Sample
Satoshi Washino2011 222 326 4 671 125 42 584% -0.47 [-0.92, -0.01] |
Subtotal (95% CI) 34 42 58.4%  -0.47[-0.92,-0.01] o
-
0

“w

Heterogeneity: Mot applicable
Test for overall effect: Z = 1.99 (P = 0.05)

Total (95% CI) 60 68 100.0% -0.29 [-0.64, 0.06]
Heterogeneity: Chif = 1.34, df = 1 (P = 0.25); I? = 25% {2 1 1 2
Test for overall Eﬂe'.:t i (P,: 0.10) Favours experimental Favours control
Test for subgroup differences: Chi* = 1.34, df = 1 (P =0.25), I’ = 26.3%

Figure 3. CYFRA21-1 levels with bladder cancer histological stages I and II. 95%CI = 95% confidence interval,
df = degrees of freedom.
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Difference between patients with bladder cancer histological stages Il and III in
CYFRA21-1 levels

A summary of the meta-analysis findings of the difference in CYFRA21-1 levels be-
tween patients with bladder cancer histological stages II and III is shown in Figure 4. The
meta-analysis results showed that no significant difference was found between patients with
bladder cancer histological stages II and III in CYFRA21-1 levels (P = 0.10). Sensitivity
analysis was conducted by omitting single studies, and no influence was observed in the sig-
nificance of the pooled Std.MD.

Grade | Grade Il Std. Mean Difference Std. Mean Difference

d, 95% 07

2.1.1 Urine Sample
Marta Sanchez-Carbayo1999 1041 2745 30 1429 327.7 26 66.2% =0.13 [-0.65, 0.40]
Subtotal (95% CI) 30 26 66.2% -0.13 [-0.65, 0.40]
Heterogeneity: Not applicable

Test for overall effect: Z = 0.47 (P = 0.63)

2.1.2 Serum Sample

Satoshi Washino2011 1.56 12 9 222 326 34 338% -0.22 [-0.95, 0.52]
Subtotal (95% CI) 9 34 33.8% -0.22 [-0.95, 0.52]
Heterogeneity: Not applicable

Test for overall effect: Z = 0.58 (P = 0.56)

Total (95% CI) 39 60 100.0% -0.16 [-0.59, 0.27]
Heterogeneity: Chi*= 0.04, df =1 (P = 0.84); F = 0% I
Test for overall effect: Z = 0.72 (P = 0.47)

Test for subgroup differences: Chi* = 0.04, df =1 (P = 0.84), P = 0%

-2 -1 1] 1 2
Favours experimental  Favours control

Figure 4. CYFRA21-1 levels with bladder cancer histological stages II and I1I. 95%CI = 95% confidence interval;
df = degrees of freedom.

Difference in CYFRA21-1 levels between patients with locally invasive bladder
cancer and metastatic bladder cancer

A summary of the meta-analysis findings of the difference in CYFRA21-1 levels
between patients with locally invasive bladder cancer and metastatic bladder cancer is
shown in Figure 5. The meta-analysis result showed that patients with locally invasive
bladder cancer had lower CYFRA21-1 levels than those with metastatic bladder cancer
(MD = -17.69, 95%CI = -22.70 - 12.68, P < 0.00001). Sensitivity analysis was conducted
by omitting single studies, and no influence was found in the significance of the pooled
MD.

Locally invasive metastatic Mean Difference Mean Difference
_Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Fixed, 95% Cl i 1
Andreadis 2005 235 623 56 2023 2667 86 T729% -17.88[2375-1201) |
Satoshi Washino2011 143 075 41 186 177 13 271% -17.47[-26.79, -7.55] =
Total (95% CI) 97 99 100.0% -17.69 [-22.70, -12.68] -

Heterogeneity: Chi* = 0.02, df =1 (P = 0.90); I* = 0% g _;ﬂ . 1’0 2’0
Test for overall effect: Z = 6.92 (P < 0.00001) Favours experimental Favours control

Figure 5. CYFRA21-1 levels with locally invasive bladder cancer and metastatic bladder cancer. 95%CI = 95%
confidence interval; df = degrees of freedom.
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Publication bias

Publication bias of the literature was assessed by Begger’s funnel plot and the Egger
linear regression test. The Egger linear regression test was used to measure funnel plot asym-
metry. All graphical funnel plots of the studies included were symmetrical (Figures 6 and
7). The Egger test also showed that there was no statistical significance in all evaluations of
publication bias (all P> 0.05).

Bladder Cancer and Control Bladder Cancer{ Grads I and Grade IT)
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Figure 6. Begger funnel plot of publication bias based on CYFRA21-1 levels. SE = standard error; SMD =
standardized mean difference odds ratio.
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Figure 7. Begger funnel plot of publication bias based on CYFRA21-1 levels. SE = standard error; SMD =
standardized mean difference odds ratio.
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DISCUSSION

The high propensity for bladder cancer recurrence highlights the need for cystoscopic
surveillance at defined intervals. Although flexible cystoscopy has greatly reduced the mor-
bidity associated with cystoscopy, it remains an invasive and uncomfortable examination for
the patient. Various non-invasive tests have been developed, including urine cytopathology,
immunostaining, and fluorescence in sifu hybridization of exfoliated cells or measuring the
concentration of soluble components in the urine or serum such as CKs. In addition, bladder
ultrasound scanning has been used to detect recurrent bladder tumors.

The development of bladder cancer includes an early step related to cellular damage,
which may be followed by cellular differentiation and exophytic growth. During this process,
bladder cells can be exfoliated into urine, and all of their intracellular components can be
detected in urine-voided samples. CKs as intracellular filaments are thought to be present at
different concentrations in the urine or serum of patients with bladder cancer, depending on
their proliferation and production rates and the different degrees of exfoliation in the different
subtypes of bladder cancer. CYFRA21-1 is a soluble fragment of CK-19, can be analyzed us-
ing an enzyme-linked immunosorbent assay, and is measurable in the serum and urine. In one
study (Pariente et al., 2000), abnormal serum levels of CYFRA21-1 in patients with bladder
cancer were observed only in patients with metastatic disease. In another study (Andreadis et
al., 2005), patients with abnormal CYFRA21-1 levels showed a significantly worse overall
median survival, which was correlated to the response to systemic treatment.

In our meta-analysis, we included 3 independent studies and examined the association
between urinary or serum CYFRA21-1 level and bladder cancer. Overall, our analysis showed
that patients with bladder cancer had a higher CYFRA21-1 levels than healthy subjects.
CYFRAZ21-1 levels were higher in the bladder cancer group than in the total control group,
which is consistent with the results of van Rhijn et al. (2005). This result suggested that
CYFRAZ21-1 levels are a potential biomarker for the diagnosis of bladder cancer. In addition,
we found that metastatic disease patients had significantly higher CYFRA21-I levels than
those with locally invasive disease. Therefore, CYFRA21-1 is a possible biomarker for
differentiating between bladder cancer subtypes. However, we found no significant difference
between CYFRAZ21-1 levels in patients with stage I local bladder cancer and stage II local
bladder cancer. We also found no significant difference between CYFRA21-I levels in patients
with stage II local bladder cancer and stage III local bladder cancer. Thus, it is necessary to
develop additional urinary biomarkers for the differential diagnosis of stage I local bladder
cancer and stage II local bladder cancer as well as to differentiate between stage II local
bladder cancer and stage I1I local bladder cancer.

There were several limitations to our study. First, the number of studies and subjects
included in the analysis were small. Second, some relevant studies could not be included in our
analysis because of incomplete raw data. Third, we could not address sources of heterogeneity
among all studies. Fourth, although all cases and controls in each study were well-defined with
similar inclusion criteria, there may be factors that were not taken into account, which may
have influenced our results. Fifth, meta-analyses are retrospective studies that are subject to
methodological limitations. Most importantly, our meta-analysis was based on unadjusted Std.
MDs or MDs estimates because not all published studies presented adjusted Std.MDs or MDs
or presented Std.MDs or MDs that were not adjusted by the same potential confounders, such
as age, ethnicity, and urine collection timing. Thus, additional investigations in these areas are
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necessary, and our conclusions should be interpreted cautiously.

In conclusion, this meta-analysis of 3 case-control studies showed that CYFRA21-1
level may be a diagnostic biomarker for the diagnosis of bladder cancer as well as a possible
biomarker for differentiating between bladder cancer subtypes (locally invasive or metastatic).
However, it cannot be used as a biomarker to distinguish between stage I, II, and III bladder
cancer. Because few studies have been conducted in this field, current evidence remains lim-
ited. Therefore, larger studies including proper control of confounding factors are necessary
to obtain valid results.
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