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Abstract

Background: The purpose of this study is to evaluate the predictive significance of preoperative serum level of
cytokeratin 19 fragments (Cyfra21-1) and squamous cell carcinoma antigen (SCC-Ag) after complete resection in
patients with stage II esophageal squamous cell carcinoma (ESCC).

Methods: Between 1995 and 2006, a total of 379 patients in stage II ESCC who underwent complete resection
were consecutively recruited. Statistical analyses were applied to test the associations between preoperative serum
titers of Cyfra21-1 and SCC-Ag, clinicopathological factors and prognoses.

Results: Preoperative high and normal serum level of Cyfra21-1 and SCC-Ag were found in 47.8%, 52.2% and 72.8%,
27.2%, respectively. The 1-, 3-, 5-year overall survival rate for the entire cohort of patients was 95%, 78%, and 56%,
respectively. Median overall survival (OS) was 45.3 months longer in patients with low preoperative serum level of
Cyfra21-1 (91.9 months) than those with high preoperative serum level of Cyfra21-1 (46.6 months) (P < 0.001).
Median OS among patients with SCC-Ag-low level was also longer than those with SCC-Ag-high level (89.7 vs.
63.7 months, P < 0.001), especially for those with stage IIB (P < 0.001). After multivariate analysis, along with pTNM
stage, preoperative serum level of Cyfra21-1 and SCC-Ag were independently and significantly predictive factors
(P < 0.001, P < 0.001). Furthermore, the five-year survival rate in double-low subset, either-low subset and
double-high subset was 100%, 83% and 27%, respectively (P < 0.001).

Conclusions: The preoperative serum level of Cyfra21-1 and SCC-Ag are independently significant predictors which
negatively affected the survivals of patients with stage II ESCC.
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Background
Esophageal cancer is one of the least studied and deadli-
est cancers worldwide and the fourth most frequent
cause of cancer-related deaths in China [1-3]. More than
90 percent of esophageal cancers are squamous cell car-
cinoma in China [3,4]. During the past four decades,
important changes have occurred in the therapeutic
patterns associated with this disease, such as surgery
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combined with chemotherapy and/or radiotherapy. Re-
cent advances in diagnosis, staging and treatment of this
neoplastic condition have led to promising and signifi-
cant improvements in survival. Clinically, approximately
38-60% of patients present with stage II disease and the
five-year survival ranging from 20% to 50% [5-8].
Additionally, to the best of our knowledge, despite ha-
ving the same stage disease, most patients have different
survival. Therefore, future studies should focus on the
use of molecular biomarkers to predict patient survival
and to select the patients who will benefit from specific
treatment, including adjuvant chemotherapy.
Tumor-related proteins could secrete into the periph-

eral circulation of patients with cancer and may be
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detected by protein analysis. Peripheral serum tumor
makers are non-invasive diagnostic tools for indentifying
cancer, and are commonly used for the screening for
cancer and as an indicator of treatment efficacy. Al-
though cytokeratin 19 fragments (Cyfra21-1) and squa-
mous cell carcinoma antigen (SCC-Ag) have been two of
the most commonly used in the diagnosis of a variety of
malignant tumor to date [9-14] the combination of them
to predict the clinical outcomes of esophageal squamous
cell carcinoma (ESCC) have not yet been well elucidated
and established.
In the present study, we herein evaluated the associa-

tions between Cyfra21-1 level,
SCC-Ag level and clinicopathological parameters in a

large cohort of ESCC patients with stage II. Further-
more, we analyzed the prognostic significance of pre-
operative serum level of Cyfra21-1 and SCC-Ag in these
cases.
Methods
Ethics Statement
This study was approved by the medical ethics commit-
tee of Cancer Center at Sun Yat-Sen University.
Patients
379 patients who underwent curative-intent surgery and
with histologically proven stage II ESCC at Cancer Center,
Sun Yat-Sen University between 1995 and 2006 were
retrospective recruited. The cases exclude from the
current study fulfilled the following criteria: (1) patients
who had received preoperative treatment (chemotherapy
and/or radiotherapy); (2) patients who presented with syn-
chronous primary tumors and/or have previous malignant
disease; (3) patients with a noncurative resection (R1); (4)
patients who died of postoperative complications.
Preoperative evaluation included complete history and

a physical examination, complete blood cell count,
serum biochemistry, chest X-ray, esophageal barium
meal, computed tomography scan of the chest and abdo-
men, endoscopy and an ultrasound scan of abdomen.
The serum level of Cyfra21-1 and SCC-Ag were
examined as a part of the routine preoperative
evaluation within 1 week prior to surgery. According to
the manufacturer (MODULAR ELECSYS E170, Roche,
Mannheim, Germany; ARCHITECT SYSTEM i1000,
Abbott, Tokyo, Japan), the normal upper limit was
3.30 ng/ml for Cyfra21-1 and 1.5 μg/L for SCC-Ag.
According to normal upper limit of the tumor markers,
the patients were divided into low and high subsets. The
Cyfra21-1 and SCC-Ag levels were measured by a radio-
immunoassay (RIA) in the clinical laboratory in our
hospital. Stage was recorded based on American Joint
Committee on Caner (2010) [15].
Adjuvant chemotherapy was performed in patients
with stage IIB disease if the patients could tolerate add-
itional treatment after curative-intent surgery, or unless
the patients refused adjuvant chemotherapy. 206 patients
with stage IIB received systemic chemotherapy (cis-
platin-based combinations).
After completion of primary treatment, patients were

followed up every 4–6 months in the first 3 years and
every 12 months thereafter. The survival status was veri-
fied again using the best available methods in May 2010,
including verifying the clinical attendance records and
with direct telecommunication with the patient or their
family.

Statistical Analysis
The statistical analyses were performed using the SPSS
13.0 software package (SPSS, Inc., Chicago, IL). Overall
survival (OS) was defined as the time from the date of
surgery to the date of death or final clinical follow-up.
The correlations between preoperative serum level of
Cyfra21-1 and SCC-Ag and clinicopathological charac-
teristics were assessed using the χ2 test. Multivariate Cox
regression analysis was performed for all parameters that
were found to be significant by the univariate analysis.
Actuarial survival rates were plotted against time using
the Kaplan-Meier method, and log-rank testing was used
to compare the differences between the curves. P < 0.05
was considered statistically significant.

Results
Patient and Disease Characteristics
The median age of the patients was 60 years (range, 31
to 80 years), and 221 (58.3%) cases were men. Of 379
stage II ESCC patients, 253 (66.8%) received a left thora-
cotomy and 126 (33.2%) underwent an Ivor-Lewis/
Three-field technique. The distribution pTNM stages
was 127 stage IIA patients (33.5%), 252 stage IIB patients
(66.5%). The patient and disease characteristics from all
379 patients with stage II ESCC are shown in Table 1.
All further statistical analyses were performed on this
population.

The Preoperative Serum Level of Cyfra21-1 and SCC-Ag
and Their Correlations With Clinicopathological
Characteristics
The preoperative serum levels of Cyfra21-1 and SCC-Ag
were considered to be elevated as high when they
exceeded 3.30 ng/ml and 1.5 μg/L, respectively. In the
whole cohort, high and low serum level of Cyfra21-1
were in 181/379 (47.8%) and 198/379 (52.2%), respec-
tively (Table 1). The preoperative SCC-Ag level was ele-
vated in 72.8% (n= 276) of all patients with stage II
ESCC (Table 1). Further analyses demonstrated that pre-
operative serum levels of SCC-Ag correlated closely with



Table 1 Characteristics of the ESCC patients

Characteristics No. of patients (%)
(N=379)

Age, years†

≤ 60 128 (33.8%)

> 60 251 (66.2%)

Sex

Male 221 (58.3%)

Female 158 (41.7%)

Operative procedure

Left thoracotomy 253 (66.8%)

Ivor-Lewis/Three-field technique{ 126 (33.2%)

Tumor location

Upper 20 (5.3%)

Middle 260 (68.6%)

Lower 99 (26.1%)

Tumor Grade

Grade 1 80 (21.1%)

Grade 2 250 (65.9%)

Grade 3 49 (13.0%)

Pathological T status

T1 39 (10.3%)

T2 213 (56.2%)

T3 127 (33.5%)

Pathological N status

N0 127 (33.5%)

N1 252 (66.5%)

Pathological TNM stage

Stage IIA 127 (33.5%)

Stage IIB 252 (66.5%)

Cyfra21-1 level

Low (≤3.30 ng/ml) 198 (52.2%)

High (>3.30 ng/ml) 181 (47.8%)

SCC-Ag level

Low (≤1.5 μg/L) 103 (27.2%)

High (>1.5 μg/L) 276 (72.8%)

Abbreviation: T, tumor; N, node; TNM, tumor-node-metastasis.
† Median age; {Thoracic-abdominal-cervical incision.
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pN status (P = 0.005) and pTNM stage (P = 0.005), but
no correlations were found between preoperative serum
level of Cyfra21-1 and clinicopathological variables
(P > 0.05, Table 2).

The Relationships Between Preoperative Serum Level of
Cyfra21-1 and SCC-Ag, Clinicopathological Characteristics
and ESCC Patient Survival
The median observation period was 52 months (range,
1.9 to 111.3 months), with 201 alive and 178 cancer-
related deaths at the last clinical follow-up. The median
and mean OS were 70.9 and 69.6 months, respectively.
The 1-, 3-, 5-year overall survival rate for the entire co-
hort of patients was 95%, 78%, and 56%, respectively
(Figure 1A).
In the Kaplan-Meier analysis, the preoperative serum

level of Cyfra21-1 and SCC-Ag were closely associated
with OS. For the whole cohort, median OS was
45.3 months longer in patient with low preoperative
serum level of Cyfra21-1 (91.9 months) than those with
high preoperative serum level of Cyfra21-1 (46.6 months)
(P < 0.001, Table 3, Figure 1B). Median OS among
patients with SCC-Ag-low level was also longer than
those with SCC-Ag-high level (89.7 vs. 63.7 months,
P < 0.001, Table 3, Figure 1C). Because the preoperative
serum level of Cyfra21-1 and SCC-Ag was found to be
significantly predictive factors for OS, we have further
examined the relationship between preoperative serum
level of Cyfra21-1 and SCC-Ag and survival based upon
patient’s pTNM stage. This analysis showed that the pre-
operative serum level of Cyfra21-1 could distinguish OS
when stratified by stage IIA and stage IIB (P < 0.001,
P < 0.001, Table 3). On the other hand, in patients with
stage IIB ESCC, the 5-year survival rate in SCC-Ag low
group was significantly better (78%) than those of
patients in SCC-Ag high group (45%) (P < 0.001, Table 3).
However, no significant difference was observed in the
5-year survival rate in the patients with stage IIA disease
between the patients with low SCC-Ag serum level and
those with high SCC-Ag serum level (86% vs. 72%,
P= 0.069, Table 3). The 5-year survival rate in double-
low subset, either-low subset and double-high subset
was 100%, 83% and 27%, respectively (P < 0.001,
Figure 1D).
Several clinical and pathological factors were found to

be associated with stage II ESCC patient survival on
both univariate and multivariate analyses (Table 4). On
multivariate analysis, stage IIB (HR, 2.191; P < 0.001),
Cyfra21-1 > 3.30 ng/ml (HR, 7.149; P < 0.001), and SCC-
Ag > 1.5 μg/L (HR, 2.926; P < 0.001) negatively affects
survival of surgically resected stage II ESCC patients.

Discussion
A complete surgical resection is considered to be the
first line treatment for individuals with localized ESCC
[3,16,17]. However, to the best of our knowledge, sub-
stantial differences in survival were observed for the
same TNM stage patients. After complete surgical re-
moval of the tumor, the five-year survival rate is 30 to
40 percent for stage IIA disease, and 10 to 30 percent
for stage IIB disease [5-8]. Those phenomena indicate
that stage II patients who undergo surgery form a het-
erogeneous group in which the disease progression and
survival rate can vary considerately. Thus, there is a



Table 2 The associations between Cyfra21-1 level, SCC-Ag level and the clinicopathological characteristics

No. of patients Cyfra21-1 level SCC-Ag level

Characteristics (%) (N=379) Low High P value* Low High P value*

Tumor location 0.312 0.136

Upper 20 (05.3%) 12 (60.0%) 8 (40.0%) 9 (45.0%) 11 (55.0%)

Middle 260 (68.6%) 129 (49.6%) 131 (50.4%) 71 (27.3%) 189 (72.7%)

Lower 99 (26.1%) 57 (57.6%) 42 (42.4%) 23 (23.2%) 76 (76.8%)

Tumor grade 0.191 0.771

Grade 1 80 (21.1%) 49 (61.2%) 31 (38.8%) 24 (30.0%) 56 (70.0%)

Grade 2 250 (65.9%) 125 (50.0%) 125 (50.0%) 67 (26.8%) 183 (73.2%)

Grade 3 49 (13.0%) 24 (49.0%) 25 (51.0%) 12 (24.5%) 37 (75.5%)

pT status 0.899 0.594

pT1 39 (10.3%) 20 (51.3%) 19 (48.7%) 12 (30.8%) 27 (69.2%)

pT2/3 213 (56.2%) 178 (52.4%) 162 (47.6%) 91 (26.8%) 249 (73.2%)

pN status 0.059 0.005

pN0 127 (33.5%) 75 (59.1%) 52 (40.9%) 46 (36.2%) 81 (63.8%)

pN1 252 (66.5%) 123 (48.8%) 129 (51.2%) 57 (22.6%) 195 (77.4%)

pTNM stage 0.059 0.005

Stage IIA 127 (33.5%) 75 (59.1%) 52 (40.9%) 46 (36.2%) 81 (63.8%)

Stage IIB 252 (66.5%) 123 (48.8%) 129 (51.2%) 57 (22.6%) 195 (77.4%)

Abbreviation: pT, pathological tumor; pN, pathological node; pTNM stage, pathological tumor-node-metastasis stage.
* χ2 test.
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significant need for early identification of patients who
are at increased risk of disease progression after their
primary treatment. A blood-based biomarker is attract-
ive filter because blood is easily accessible and measure-
ments may be repeated over time [18-20].
Several previous studies have revealed that the signifi-

cance of Cyfra21-1 and SCC-Ag level for cancer screen-
ing [21-23]. However, the predictive analysis of Cyfra21-
1 and SCC-Ag level in ESCC, especially in stage II
ESCC, has not been well elucidated and studied. Based
on unique etiology, patient characteristics, uniform
treatment modalities and long term follow-up, the
current study is the first to systematically evaluate the
prognostic value of preoperative serum level of Cyfra21-
1 and SCC-Ag in ESCC. Our findings indicate that pre-
operative Cyfra21-1 and SCC-Ag level significantly asso-
ciated with survival in patients with stage II ESCC.
Cyfra21-1 is a member of the keratin family. It is a

protein that in humans is encoded by the KRT19 gene
[24,25]. Its expression can be observed in many normal
tissues, and it is overexpressed in lung cancer, colorectal
cancer and breast cancer [26-29]. SCC-Ag is a sub-
fraction of the tumor antigen TA-4, a 48 kDa glycopro-
tein first isolated by Kato and Torigoe [30]. SCC-Ag is
released and often elevated in patients who have squa-
mous cell carcinomas. SCC-Ag has become a promising
aid for the management of squamous cell carcinoma in a
variety of sites, such as cervical cancer, head and neck
cancer and esophageal cancer. The previous studied have
indicated that Cyfra21-1 and SCC-Ag are sensitive
tumors marker in malignant disease, particularly in
squamous cell type [19,31,32]. In the present study, our
results firstly showed a significant correlation between
the preoperative serum level of SCC-Ag and clinico-
pathological factors (pN status, P= 0.005; pTNM stage,
P= 0.005). This finding corresponds with the studies
from France and Poland [19,21]. However, we failed to
reveal any correlation between the preoperative serum
level of Cyfra21-1 and patient disease characteristics. In
contrast, Moro et al. and Hanagirl et al. reported that
preoperative Cyfra21-1 was associated with tumor stage
in non small cell lung cancer [21,33]. We believe this re-
sult can be explained by three particular factors. Firstly,
various cutoff points might lead to various results. Sec-
ondly, the heterogeneity of tumors might result in the
discrepancies in the findings between the previous litera-
tures and our study. In addition, cohort-specific differ-
ences such as ethnicity and epidemiology might also
explain the observed phenomena. However, this conclu-
sion merits additional research.
To date, the use of serum markers has not been

accepted in assessing prognosis or assigning treatment
after complete resection for ESCC. The prognostic
values of Cyfra21-1 and SCC-Ag were also still contro-
versial. Cyfra21-1 is a small molecular protein respon-
sible for structural integrity of epithelial cells, which also



Figure 1 Kaplan-Meier survival analysis in patients with stage II ESCC. (A) Overall survival curve for whole cohort of patients with stage II
ESCC; (B) Overall survival curve for whole cohort of patients with stage II ESCC according to the preoperative serum level of Cyfra21-1; (C) Overall
survival curve for whole cohort of patients with stage II ESCC according to the preoperative serum level of SCC-Ag; (D) Overall survival curve for
whole cohort of patients with stage II ESCC according to the preoperative serum level of Cyfra21-1 and SCC-Ag (double-normal subset vs.
either-normal subset vs. double-high subset).

Table 3 Prognostic value of preoperative Cyfra21-1 and SCC-Ag level in ESCC patients

Biomarker Cyfra21-1 SCC-Ag

Level No. Median OS 5-year survival P value* No. Median OS 5-year survival P value*

Total <0.001 <0.001

Low 198 91.9 85% 103 89.7 82%

High 181 46.6 33% 276 63.7 53%

pTNM stage

Stage IIA <0.001 0.069

Low 75 102.6 93% 46 85.7 86%

High 52 59.9 54% 81 78.2 72%

Stage IIB <0.001 <0.001

Low 123 84.4 80% 57 73.7 78%

High 129 41.1 25% 195 57.1 45%

Abbreviation: pTNM stage, pathological tumor-node-metastasis stage.
* Log-rank test.
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Table 4 Univariate and multivariate Cox regression analysis for overall survival in patients with ESCC

Univariate analysis Multivariate analysis

Characteristics HR 95% CI P value* HR 95% CI P value*

Age, years 1.014 1.001 to 1.028 0.038 0.998 0.985-1.012 0.764

Sex

Male vs. Female 1.212 0.902 to 1.629 0.202 - - -

Tumor location

Upper vs. Middle vs. Lower 0.980 0.558 to 1,611 0.318 - - -

Tumor Grade

Grade 1 vs. 2 vs. 3 1.668 1.085 to 2.166 0.056 - - -

pTNM stage

Stage IIA vs. Stage IIB 2.283 1.600 to 3.257 <0.001 2.191 1.533 to 3.132 <0.001

Cyfra21-1 level

Low vs. High 7.439 5.178 to 10.686 <0.001 7.149 4.961 to 10.303 <0.001

SCC-Ag level

Low vs. High 3.940 2.229 to 6.964 <0.001 2.926 1.655 to 5.175 <0.001

Abbreviation: HR, hazard ratio; 95% CI, 95% confidence interval; pTNM stage, pathological tumor-node-metastasis stage.
* Cox proportional hazards model.
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functions to promote cell growth, adhesion, migration
and invasion [34]. High Cyfra21-1 serum titers have
been demonstrated to correspond to poor prognosis in
patients with non small cell lung cancer and colorectal
cancer [21,26,33]. SCC-Ag may be involved in the malig-
nant behavior of squamous cell cancers, functioning in
invasion and/or metastasis. Associations between serum
SCC-Ag concentrations and patient survival have also
been observed [19,33,35,36]. In the current study, when
we focused exclusively on the survivals of patients, along
with the pTNM stage, the preoperative serum level of
Cyfra21-1 and SCC-Ag were shown to be independent
and significant prognostic parameter in surgically
resected stage II ESCCs (Table 4). Interestingly, in the
subset analyses, Cyfra21-1 and SCC-Ag level displayed
statistically significant effect on survival in stage IIB
patients. Furthermore, the present study indicated that
the double low subset, either-low subset and double-
high subset have significantly different survival
(P < 0.001, Figure 1D), suggesting that prognostic infor-
mation may be attainted from initial serum titers of
Cyfra21-1 and SCC-Ag.
Although this study has revealed the prognostic sig-

nificance of preoperative Cyfra21-1 and SCC-Ag serum
titers, we acknowledged that there were some limitations
in our study. Our study is a retrospective study, relied
exclusively on a single-institutional database. Additional
investigation into this area must be performed.

Conclusions
In conclusion, our findings identified that stage II ESCC
patients with poor prognoses are certainly predictable.
The high preoperative serum level of Cyfra21-1 and
SCC-Ag are independently significant predictors which
negatively affected the survivals of patients with stage II
ESCC. A future confirmatory study or investigation for
patient-tailored adjuvant treatment with stratification
according to Cyfra21-1 and SCC-Ag serum level are
therefore warranted to evaluate whether such selection
may ultimately improve patient prognosis after surgery
for this deadly cancer.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
XC, LZ performed the statistical analysis, drafted the manuscript and
participated in the sequence alignment. GRF participated in the design of
the study and participated in the sequence alignment. JY participated in the
sequence alignment. RYW, JL and XMZ carried out data acquisition. YJH
conceived of the study, and participated in its design and coordination and
helped to draft the manuscript. All authors read and approved the final
manuscript.

Author details
1State Key Laboratory of Oncology in South China, Cancer Center, Sun Yat-
Sen University, No.651, Dongfeng Road East, 510060, Guangzhou, China.
2Department of Thoracic Oncology, Guangzhou, China. 3Clincal Laboratory,
Guangzhou, China. 4Department of Preclinical Medicines, Cancer Center, Sun
Yat-Sen University, Guangzhou, China. 5College of Traditional Chinese
Medicines, Southern Medical University, Guangzhou, China.

Received: 7 July 2012 Accepted: 18 September 2012
Published: 21 September 2012

References
1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D: Global cancer

statistics. CA Cancer J Clin 2011, 61(2):69–90.
2. Ke L: Mortality and incidence trends from esophagus cancer in

selected geographic areas of China circa 1970–90. Int J Cancer 2002,
102(3):271–274.

3. Enzinger PC, Mayer RJ: Esophageal cancer. N Engl J Med 2003,
349(23):2241–2252.



Cao et al. Journal of Translational Medicine 2012, 10:197 Page 7 of 7
http://www.translational-medicine.com/content/10/1/197
4. Daly JM, Fry WA, Little AG, Winchester DP, McKee RF, Stewart AK, Fremgen
AM: Esophageal cancer: results of an American College of Surgeons
Patient Care Evaluation Study. J Am Coll Surg 2000, 190(5):562–572.
discussion 572–563.

5. Heitmiller RF, Redmond M, Hamilton SR: Barrett's esophagus with
high-grade dysplasia. An indication for prophylactic esophagectomy.
Ann Surg 1996, 224(1):66–71.

6. Pera M, Trastek VF, Carpenter HA, Allen MS, Deschamps C, Pairolero PC:
Barrett's esophagus with high-grade dysplasia: an indication for
esophagectomy? Ann Thorac Surg 1992, 54(2):199–204.

7. Headrick JR, Nichols FC 3rd, Miller DL, Allen MS, Trastek VF, Deschamps C,
Schleck CD, Thompson AM, Pairolero PC: High-grade esophageal
dysplasia: long-term survival and quality of life after esophagectomy.
Ann Thorac Surg 2002, 73(6):1697–1702. discussion 1702–1693.

8. Reed CE: Surgical management of esophageal carcinoma. Oncologist
1999, 4(2):95–105.

9. Uenishi T, Yamazaki O, Tanaka H, Takemura S, Yamamoto T, Tanaka S,
Nishiguchi S, Kubo S: Serum cytokeratin 19 fragment (CYFRA21-1) as a
prognostic factor in intrahepatic cholangiocarcinoma. Ann Surg Oncol
2008, 15(2):583–589.

10. Cedres S, Nunez I, Longo M, Martinez P, Checa E, Torrejon D, Felip E: Serum
Tumor Markers CEA, CYFRA21-1, and CA-125 Are Associated With Worse
Prognosis In Advanced Non-Small-Cell Lung Cancer (NSCLC). Clin Lung
Cancer 2011, 12(3):172–179.

11. Ardizzoni A, Cafferata MA, Tiseo M, Filiberti R, Marroni P, Grossi F, Paganuzzi
M: Decline in serum carcinoembryonic antigen and cytokeratin 19
fragment during chemotherapy predicts objective response and survival
in patients with advanced nonsmall cell lung cancer. Cancer 2006, 107
(12):2842–2849.

12. Catanzaro JM, Guerriero JL, Liu J, Ullman E, Sheshadri N, Chen JJ, Zong WX:
Elevated expression of squamous cell carcinoma antigen (SCCA) is
associated with human breast carcinoma. PLoS One 2011, 6(4):e19096.

13. Olsen JR, Dehdashti F, Siegel BA, Zighelboim I, Grigsby PW, Schwarz JK:
Prognostic Utility of Squamous Cell Carcinoma Antigen in Carcinoma of
the Cervix: Association with Pre- and Posttreatment FDG-PET. Int J Radiat
Oncol Biol Phys 2010, 81(3):772–777.

14. Calabrese F, Lunardi F, Giacometti C, Marulli G, Gnoato M, Pontisso P, Saetta
M, Valente M, Rea F, Perissinotto E, et al: Overexpression of squamous cell
carcinoma antigen in idiopathic pulmonary fibrosis: clinicopathological
correlations. Thorax 2008, 63(9):795–802.

15. Rice TW, Blackstone EH, Rusch VW: 7th edition of the AJCC Cancer Staging
Manual: esophagus and esophagogastric junction. Ann Surg Oncol 2010,
17(7):1721–1724.

16. Hulscher JB, van Sandick JW, de Boer AG, Wijnhoven BP, Tijssen JG, Fockens
P, Stalmeier PF, ten Kate FJ, van Dekken H, Obertop H, et al: Extended
transthoracic resection compared with limited transhiatal resection
for adenocarcinoma of the esophagus. N Engl J Med 2002,
347(21):1662–1669.

17. Goldminc M, Maddern G, Le Prise E, Meunier B, Campion JP, Launois B:
Oesophagectomy by a transhiatal approach or thoracotomy: a
prospective randomized trial. Br J Surg 1993, 80(3):367–370.

18. Gao WM, Kuick R, Orchekowski RP, Misek DE, Qiu J, Greenberg AK, Rom WN,
Brenner DE, Omenn GS, Haab BB, et al: Distinctive serum protein profiles
involving abundant proteins in lung cancer patients based upon
antibody microarray analysis. BMC Cancer 2005, 5:110.

19. Mroczko B, Kozlowski M, Groblewska M, Lukaszewicz M, Niklinski J, Jelski W,
Laudanski J, Chyczewski L, Szmitkowski M: The diagnostic value of the
measurement of matrix metalloproteinase 9 (MMP-9), squamous cell
cancer antigen (SCC) and carcinoembryonic antigen (CEA) in the sera of
esophageal cancer patients. Clin Chim Acta 2008, 389(1–2):61–66.

20. Khan N, Cromer CJ, Campa M, Patz EF Jr: Clinical utility of serum amyloid
A and macrophage migration inhibitory factor as serum biomarkers
for the detection of nonsmall cell lung carcinoma. Cancer 2004,
101(2):379–384.

21. Moro D, Villemain D, Vuillez JP, Delord CA, Brambilla C: CEA, CYFRA21-1
and SCC in non-small cell lung cancer. Lung Cancer 1995, 13(2):169–176.

22. Tanaka K, Yano M, Motoori M, Kishi K, Miyashiro I, Shingai T, Gotoh K, Noura
S, Takahashi H, Ohue M, et al: CEA-antigen and SCC-antigen mRNA
expression in peripheral blood predict hematogenous recurrence after
resection in patients with esophageal cancer. Ann Surg Oncol 2010,
17(10):2779–2786.
23. Mealy K, Feely J, Reid I, McSweeney J, Walsh T, Hennessy TP: Tumour
marker detection in oesophageal carcinoma. Eur J Surg Oncol 1996,
22(5):505–507.

24. Schweizer J, Bowden PE, Coulombe PA, Langbein L, Lane EB, Magin TM,
Maltais L, Omary MB, Parry DA, Rogers MA, et al: New consensus
nomenclature for mammalian keratins. J Cell Biol 2006, 174(2):169–174.

25. Lacroix M: Significance, detection and markers of disseminated breast
cancer cells. Endocr Relat Cancer 2006, 13(4):1033–1067.

26. Chang CC, Yang SH, Chien CC, Chen SH, Pan S, Lee CL, Lin CM, Sun HL,
Huang CC, Wu YY, et al: Clinical meaning of age-related expression of
fecal cytokeratin 19 in colorectal malignancy. BMC Cancer 2009, 9:376.

27. Daskalaki A, Agelaki S, Perraki M, Apostolaki S, Xenidis N, Stathopoulos E,
Kontopodis E, Hatzidaki D, Mavroudis D, Georgoulias V: Detection of
cytokeratin-19 mRNA-positive cells in the peripheral blood and bone
marrow of patients with operable breast cancer. Br J Cancer 2009,
101(4):589–597.

28. Xenidis N, Ignatiadis M, Apostolaki S, Perraki M, Kalbakis K, Agelaki S,
Stathopoulos EN, Chlouverakis G, Lianidou E, Kakolyris S, et al:
Cytokeratin-19 mRNA-positive circulating tumor cells after adjuvant
chemotherapy in patients with early breast cancer. J Clin Oncol 2009,
27(13):2177–2184.

29. Kosacka M, Jankowska R: Comparison of cytokeratin 19 expression in
tumor tissue and serum CYFRA 21–1 levels in non-small cell lung cancer.
Pol Arch Med Wewn 2009, 119(1–2):33–37.

30. Kato H, Torigoe T: Radioimmunoassay for tumor antigen of human
cervical squamous cell carcinoma. Cancer 1977, 40(4):1621–1628.

31. Mino N, Iio A, Hamamoto K: Availability of tumor-antigen 4 as a marker of
squamous cell carcinoma of the lung and other organs. Cancer 1988,
62(4):730–734.

32. Stieber P, Hasholzner U, Bodenmuller H, Nagel D, Sunder-Plassmann L,
Dienemann H, Meier W, Fateh-Moghadam A: CYFRA 21–1. A new marker
in lung cancer. Cancer 1993, 72(3):707–713.

33. Hanagiri T, Sugaya M, Takenaka M, Oka S, Baba T, Shigematsu Y, Nagata Y,
Shimokawa H, Uramoto H, Takenoyama M, et al: Preoperative CYFRA 21–1
and CEA as prognostic factors in patients with stage I non-small cell
lung cancer. Lung Cancer 2011, 74(1):112–117.

34. Shi J, Sugrue SP: Dissection of protein linkage between keratins and
pinin, a protein with dual location at desmosome-intermediate filament
complex and in the nucleus. J Biol Chem 2000, 275(20):14910–14915.

35. Suminami Y, Nawata S, Kato H: Biological role of SCC antigen. Tumour Biol
1998, 19(6):488–493.

36. Yoon SM, Shin KH, Kim JY, Seo SS, Park SY, Moon SH, Cho KH: Use of serum
squamous cell carcinoma antigen for follow-up monitoring of cervical
cancer patients who were treated by concurrent chemoradiotherapy.
Radiat Oncol 2010, 5:78.

doi:10.1186/1479-5876-10-197
Cite this article as: Cao et al.: Preoperative Cyfra21-1 and SCC-Ag serum
titers predict survival in patients with stage II esophageal squamous cell
carcinoma. Journal of Translational Medicine 2012 10:197.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Ethics Statement
	Patients
	Statistical Analysis

	Results
	Patient and Disease Characteristics
	The Preoperative Serum Level of &b_k;Cyfra21-&e_k;&b_k;1&e_k; and SCC-Ag and Their Correlations With Clinicopathological Characteristics
	The Relationships Between Preoperative Serum Level of &b_k;Cyfra21-&e_k;&b_k;1&e_k; and SCC-Ag, Clinicopathological Characteristics and ESCC Patient Survival

	Discussion
	Conclusions
	Competing interests
	Authors´ contributions
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


