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Aim: This study assessed the combination of carcinoembryonic antigen (CEA) with the 

American Joint Committee on Cancer (AJCC) TNM staging system, aiming to improve the 

AJCC TNM staging system, in terms of prognostic accuracy and clinical management of rectal 

cancer.

Methods: Eligible patients (N=22,132) were selected from the Surveillance, Epidemiology, 

and End Results database between January 1, 2004, and December 31, 2010. Patients with 

elevated CEA levels were designated as “C1 stage” and those with normal CEA amounts as 

“C0 stage”. The outcome of interest was cancer-specific survival (CSS). Cox proportional 

hazards regression analyses and Kaplan–Meier curves were used to identify independent 

prognostic factors and analyze the odds of CSS in patients with rectal cancer in different C and 

TNM stages, respectively.

Results: C1 stage was associated with a 61.0% risk increase in cancer-specific mortality 

(HR=1.610, 95% CI=1.219–1.705, P,0.001). In addition, C0-stage patients showed improved 

CSS compared with C1-stage counterparts. In addition, CSS was improved in stage IIB–C0 

patients (HR=2.478, 95% CI=1.660–3.699) compared with stage IIIB–C1 patients (HR=2.431, 

95% CI=2.021–2.924) or IIIA–C1 patients (HR=1.060, 95% CI=0.823–1.366, P=0.650) and 

stage IIC–C0 patients (HR=4.263, 95% CI=3.308–5.493) compared with stage IIIB–C1 or 

IIIA–C1 counterparts.

Conclusion: C stage is an independent prognostic factor of rectal cancer. The improved prog-

nostic precision of the C–TNM staging system and, thus, more individualized risk-adaptive 

treatments support the incorporation of C stage into the AJCC TNM staging system in rectal 

cancer.
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Introduction
Colorectal cancer is one of the most prevalent malignancies worldwide, and rectal 

cancer accounts for 40% of all colorectal cancers.1 The American Joint Committee 

on Cancer (AJCC) TNM staging system is the most commonly used algorithm in 

clinical practice. However, it is not perfect in the prognostic prediction and clinical 

management of rectal cancer.2

Carcinoembryonic antigen (CEA) is a protein that is normally produced during prenatal 

development. After birth, CEA blood levels are normally very low or undetectable. Mean-

while, elevated CEA levels are associated with many carcinomas and other health conditions. 
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Colorectal cancer is a common cause of elevated CEA amounts, 

and CEA testing is recommended in assessing patients prior to 

surgery and for monitoring recurrence post surgery.3

In 2000, the Colorectal Working Group of AJCC rec-

ommended that TNM groups should be stratified based on 

the presence or absence of elevated serum levels of CEA 

($5 ng/mL) during preoperative clinical examination.2

We have focused on improving the AJCC TNM staging 

system and applied the previously proposed C stage in colon 

cancer to rectal cancer.4,5 Using the Surveillance, Epidemi-

ology, and End Results (SEER) database, the current large 

population-based study was performed, aiming to assess the 

improvement of prognostic accuracy and clinical manage-

ment of rectal cancer with the C–TNM staging system.

Patients and methods
study design and data source
The National Cancer Institute’s SEER*Stat software, Ver-

sion 8.3.5 (Surveillance Research Program, National Can-

cer Institute SEER*Stat software, www.seer.cancer.gov/

seerstat) was used to select patients diagnosed with rectal 

cancer between January 1, 2004, and December 31, 2010, 

from the SEER-registered database, which is an authoritative 

source of information on cancer incidence and survival in 

the United States (Figure 1). The SEER database provides 

a comprehensive source of population-based information, 

including all newly diagnosed cancer cases in individuals 

residing in SEER-participating areas and covering ~28% of 

the US population.

As shown in Figure 1, among these patients with rectal 

cancer, individuals with known CEA test results, AJCC TNM 

stage, and positive histological confirmation were included 

in the current study. Patients with unknown race, unknown 

tumor size, or non-adenocarcinomatous histology and those 

not treated by surgery were excluded.

c–TnM stage
Considering the seventh edition of the AJCC, TNM stages 

were not assigned to patients diagnosed before 2010. We 

obtained the anatomic extent of the primary tumor using the 

code “CS extension” to determine the corresponding T stage 

in the seventh edition for each patient; based on the code 

“regional nodes positive (2004+),” the N stage in the seventh 

edition was derived; using the code “Derived AJCC M, 

sixth ed. (2004+)”, the M stage in the seventh edition was 

determined. Then, AJCC TNM stages (seventh edition) 

were manually assigned to each patient (I, IIA, IIB, IIC, 

IIIA, IIIB, IIIC, or IV). The CEA values of rectal cancer in 

the SEER database were recorded prior to treatment. Next, 

the patients with elevated CEA levels were designated as 

“C1 stage” and those with normal CEA as “C0 stage”. 

Finally, a modified AJCC TNM staging system (C–TNM 

stage) was assigned to each patient after the incorporation 

of C stage.

statistical analyses
Several Cox proportional hazards models were built to 

identify independent prognostic factors. All hazard ratios 

were shown with 95% CIs. Variables that showed prognostic 

significance (log-rank test, P,0.20) in univariate analysis 

were entered in multivariate analysis using Cox proportional 

hazards models of the selected patients: tumor location, 

tumor grade, seventh AJCC TNM stage, tumor size, age 

at diagnosis, gender, and year of diagnosis. Kaplan–Meier 

survival curves were used to assess the prognostic values 

of different factors, with the log-rank test used to assess 

statistical significance. This study also designed a variable 

called N–C stage, combining N stage (N0, N1, N2a, and N2b 

stages) and C stage (C0 and C1, based on CEA levels), to 

compare the interaction between these two stages in patients 

with nonmetastatic rectal cancer.

Statistical analysis was performed with SPSS version 

22 (IBM Corporation, Armonk, NY, USA), and two-sided 

P,0.05 was considered as statistically significant.

Figure 1 Flow diagram of patient population selected from seer database.
Abbreviations: seer, surveillance, epidemiology, and end results; aJcc, american 
Joint committee on cancer.
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ethics statement
The study was approved by the ethical committee and institu-

tional review board of the Fudan University Shanghai Cancer 

Center. The data did not include that of human subjects or 

personal identifying information, and no informed consent 

was required for this study.

Results
c stage is a strong prognostic factor in 
the overall cohort
Median follow-up time for the overall cohort was 63 months. 

At the end of the follow-up period, 5,544 (25.0%) patients 

succumbed to rectal cancer. Multivariable analysis was per-

formed to identify significant prognostic factors in the overall 

cohort. We found that C stage was independently associ-

ated with cancer-specific survival (CSS) in 22,132 patients 

with rectal cancer and caused a 61.0% increase in risk of 

cancer-specific mortality (HR=1.610, 95% CI=1.219–1.705, 

P,0.001; Table 1). In addition, other parameters were 

identified as prognostic factors, including tumor location, 

tumor grade, seventh AJCC TNM stage, tumor size, age 

at diagnosis, and gender. In addition, multivariable Cox 

analysis of all the nonmetastatic rectal cancer patients 

(n=19,338, 87.38% of the overall cohort) selected from the 

whole cohort demonstrated that C1 stage was associated 

with a 56.9% increase in risk of cancer-specific mortality 

in nonmetastatic rectal cancer, again confirming the prog-

nostic value of C stage (HR=1.569, 95% CI=1.467–1.677, 

P,0.001; Table S1).

Prognostic value of c–TnM stage 
combining c and aJcc TnM stages
Multivariate Cox regression analysis was used to assess 

HRs for various AJCC TNM- and C–TNM stages. Five-year 

CSS rates were also assigned to various C–TNM and TNM 

stages. Overtly, all C0–TNM-stage patients showed higher 

5-year CSS and lower HRs compared with the correspond-

ing C1–TNM-stage patients (Table 2). In addition, HRs of 

stages IIA–C0 (HR=1.029, 95% CI=0.850–1.245, P=0.770) 

and IIIA–C0 (HR=1.060, 95% CI=0.823–1.366, P=0.650) 

were not significantly different from the HR of stages 

I–C1. Furthermore, the HRs of several stage C1–TNM 

patients even exceeded those of stage C0–TNM coun-

terparts with higher conventional AJCC TNM stages. 

Cause-specific mortality increased in stage IIB–C1 

patients (HR=2.478, 95% CI=1.660–3.699) compared with 

Table 1 Multivariable cox regression analyses of all independent prognostic factors

Covariate Reference Variable CSS

HR (95% CI) SE P-value

Tumor location rectosigmoid junction rectum 1.008 (1.030–1.150) 0.028 0.003
grade grade i grade i 1.073 (0.942–1.221) 0.066 0.290

grade ii 1.405 (1.222–1.616) 0.071 ,0.001
grade iii 1.544 (1.212–1.967) 0.123 ,0.001
Unknown 0.974 (0.804–1.178) 0.097 0.783

c stage c0 stage c1 stage 1.610 (1.519–1.705) 0.029 ,0.001
seventh aJcc TnM staging stage i stage iia 1.851 (1.648–2.080) 0.059 ,0.001

stage iiB 3.222 (2.446–4.246) 0.141 ,0.001
stage iic 4.534 (3.759–5.469) 0.096 ,0.001
stage iiia 2.049 (1.715–2.449) 0.091 ,0.001
stage iiiB 4.130 (3.694–4.618) 0.057 ,0.001
stage iiic 6.942 (6.103–7.896) 0.066 ,0.001
stage iV 15.003 (13.408–16.787) 0.057 ,0.001

Tumor size #5 cm $5 cm 1.105 (1.041–1.173) 0.031 0.001
Unknown 1.058 (0.970–1.154) 0.044 0.200

age at diagnosis (years) #65 $65 1.595 (1.512–1.683) 0.027 ,0.001
race White Black 1.267 (1.161–1.383) 0.045 ,0.001

Other 0.907 (0.830–0.992) 0.045 0.032
gender Male Female 0.916 (0.867–0.966) 0.028 0.001
Year of diagnosis 2004 2005 0.976 (0.890–1.070) 0.047 0.599

2006 0.950 (0.865–1.043) 0.048 0.282
2007 0.894 (0.813–0.983) 0.048 0.021
2008 0.912 (0.827–1.005) 0.050 0.063
2009 0.896 (0.810–0.992) 0.052 0.034
2010 0.900 (0.811–1.000) 0.054 0.050

Abbreviations: CSS, cancer-specific survival; AJCC, American Joint Committee on Cancer.
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stage IIIB–C0 patients (HR=2.431, 95% CI=2.021–2.924) 

or IIIA–C0 patients, as well as in stage IIC–C1 patients 

(HR=4.263, 95% CI=3.308–5.493) compared with 

stage IIIB–C0 or IIIA–C0 patients. The abovementioned 

stage migration indicated that the C–TNM stages had a 

more accurate prognostic value compared with the TNM 

stage in rectal cancer.

Kaplan–Meier survival curves for C–TNM stages 

were also used to analyze the prognostic value of C–TNM 

staging in the whole cohort (n=22,132; Figure 2A and B). 

Table 2 Prognosis of c stage and TnM stage in rectal cancer

AJCC TNM staging system TNM–C staging system

Stage 5-year CSS 
rate (%)

Number 
of patients

CSS Stage 5-year CSS 
rate (%)

Number 
of patients

CSS

HR (95% CI) SE P-value HR (95% CI) SE P-value

i 93.9 5,440 1.00 (referent) – – i–c0 94.8 4,216 0.559 (0.456–0.686) 0.104 ,0.001
i–c1 90.4 1,224 1.00 (referent) – –

iia 87.3 6,266 1.851 
(1.648–2.080)

0.059 ,0.001 iia–c0
iia–c1

90.0
83.0

3,773
2,493

1.029 (0.850–1.245)
1.793 (1.484–2.166)

0.097
0.097

0.770
,0.001

iiB 77.2 234 3.222 
(2.446–4.246)

0.141 ,0.001 iiB–c0
iiB–c1

78.1
76.1

120
114

2.364 (1.584–3.529)
2.478 (1.660–3.699)

0.204
0.204

,0.001
,0.001

iic 66.9 498 4.534 
(3.759–5.469)

0.096 ,0.001 iic–c0
iic–c1

75.2
61.7

188
310

2.567 (1.848–3.567)
4.263 (3.308–5.493)

0.168
0.129

,0.001
,0.001

iiia 87.0 1,132 2.049 
(1.715–2.449)

0.091 ,0.001 iiia–c0
iiia–c1

89.5
78.8

870
262

1.060 (0.823–1.366)
2.365 (1.762–3.176)

0.129
0.150

0.650
,0.001

iiiB 72.7 4,443 4.130 
(3.694–4.618)

0.057 ,0.001 iiiB–c0
iiiB–c1

77.6
66.5

2,441
2,002

2.431 (2.021–2.924)
3.792 (3.159–4.551)

0.094
0.093

,0.001
,0.001

iiic 56.1 1,325 6.942 
(6.103–7.896)

0.066 ,0.001 iiic–c0
iiic–c1

58.1
54.2

629
706

4.811 (3.909–5.922)
5.732 (4.695–6.997)

0.106
0.102

,0.001
,0.001

iV 26.2 2,794 15.003 
(13.408–16.787)

0.057 ,0.001 iV–c0
iV–c1

40.8
22.1

591
2,203

8.261 (6.775–10.073)
14.145 (11.866–16.862)

0.101
0.090

,0.001
,0.001

Abbreviations: AJCC, American Joint Committee on Cancer; CSS, cancer-specific survival.

Figure 2 Kaplan–Meier survival curves of c–TnM staging system.
Notes: (A) css of i–c0 stage, i–c1 stage, iia–c0 stage, iia–c1 stage, iiia–c0 stage, and iiia–c1 stage. (B) css of iic–c0 stage, iic–c1 stage, iiiB–c0 stage, iiiB–c1 stage, 
iiic–c0 stage, and iiic–c1 stage.
Abbreviation: CSS, cancer-specific survival.
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The abovementioned phenomenon indicated that C0–TNM-

stage patients showed improved CSS compared with the 

corresponding C1–TNM-stage patients, as illustrated in 

Kaplan–Meier curves.

Prognostic value of n stage combined 
with c stage
Multivariate Cox regression analysis was performed in 

patients with non-metastatic rectal cancer (stages I, II, 

and III) to assess HRs of various N stages (N0, N1, N2a, 

and N2b) before and after combination with C stage (N–C 

stage); 5-year CSS rates were also calculated for each stage 

(Table 3). The results showed that all C1-stage groups of 

each N stage showed higher HRs and decreased 5-year CSS 

compared with the corresponding C0-stage counterparts. 

Furthermore, all C1-stage groups of each N stage showed 

higher HRs and decreased 5-year CSS compared with the 

respective C0-stage counterparts of higher N stage. For 

example, stage N0–C1 (HR=1.841, 95% CI=1.681–2.017) 

showed higher cancer-specific mortality than stage N1a–C0 

(HR=1.722, 95% CI=1.505–1.971). These findings indicated 

that C1-stage (elevated CEA) patients had similar prognosis 

to N1a-stage counterparts.

Discussion
The current study assessed the prognosis of different AJCC 

TNM stages in rectal cancer after combination with C stage 

(C0 stage, normal CEA levels; C1 stage, elevated CEA levels). 

The target patients with available CEA information were 

identified from the large population-based SEER database. 

We demonstrated that C stage was an independent prognostic 

factor; further analysis revealed that C1 stage may be a stron-

ger predictor of worse prognosis. Therefore, we proposed the 

incorporation of C stage into the AJCC TNM staging system 

in clinical practice for rectal cancer assessment.

Despite the wide application in clinical practice for 

rectal cancer assessment, the AJCC TNM staging system 

only considers the invasion extent of the primary tumor 

(T stage), lymph node status (N stage), and distant spread 

(M stage) without taking into account other factors that 

influence the prognosis of rectal cancer.6 The resulting stage 

is therefore not perfect in prognostic prediction, although 

several modifications in the past years have improved its 

predictive ability.

In 2000, the Colorectal Working Group of the AJCC 

proposed incorporating C stage as a means to further refine 

the TNM staging system.2 However, the lack of a uniform 

definition of elevated CEA level7 and other reasons hindered 

the incorporation of the latter parameter into the AJCC stag-

ing system until now. In an update in 2006, the ASCO expert 

panel concluded that data are insufficient to support the use 

of elevated preoperative serum CEA to determine whether 

to treat a patient by adjuvant therapy.8 However, based on 

growing evidence regarding the usefulness of CEA in further 

determining patients’ prognosis, we proposed that incorpora-

tion of C stage into the AJCC TNM staging system deserves 

further investigation.9

In the present large, representative, and population-

based study, the AJCC TNM staging system was extended 

to include CEA test results. As shown earlier, all C1-stage 

patients had significantly increased mortality compared with 

C0-stage ones of the same TNM stage, with a 61.0% increase 

in HR of the whole cohort. The increased cancer-specific 

mortality of C1 stage was also validated in patients with 

nonmetastatic rectal cancer. Another finding of this study 

was that survival of several C0–TNM stages even exceeded 

C1–TNM stages with higher AJCC TNM stages. The 

increased cancer-specific mortality in stage IIB–C1 patients 

compared with stage IIIB–C0 or IIIA–C0 patients as well 

as in stage IIC–C1 patients compared with stage IIIB–C0 or 

Table 3 Prognosis of n stage combined with c stage in nonmetastatic rectal cancer

N stage 5-year CSS 
rate (%)

Number 
of patients

CSS N–C 
stage

5-year CSS 
rate (%)

Number 
of patients

CSS

HR (95% CI) SE P-value HR (95% CI) SE P-value

n0 86.8 13,107 1.00 (referent) – – n0–c0 91.2 8,479 1.000 (referent) – –
n0–c1 78.4 4,628 1.841 (1.681–2.017) 0.046 ,0.001

n1a 72.5 2,603 1.711 
(1.571–1.864)

0.044 ,0.001 n1a–c0
n1a–c1

82.7
59.2

1,440
1,163

1.722 (1.505–1.971)
3.067 (2.732–3.442)

0.069
0.059

,0.001
,0.001

n1b 66.1 2,725 1.964 
(1.813–2.127)

0.041 ,0.001 n1b–c0
n1b–c1

76.2
55.2

1,378
1,347

2.277 (2.015–2.574)
3.230 (2.896–3.603)

0.062
0.056

,0.001
,0.001

n2a 53.9 1,940 2.289 
(2.104–2.490)

0.043 ,0.001 n2a–c0
n2a–c1

67.7
42.9

840
1,100

2.607 (2.276–2.988)
3.826 (3.424–4.275)

0.069
0.057

,0.001
,0.001

n2b 42.9 1,757 2.713 
(2.491–2.955)

0.044 ,0.001 n2b–c0
n2b–c1

55.8
34.7

681
1,076

3.531 (3.085–4.041)
4.310 (3.856–4.818)

0.069
0.057

,0.001
,0.001

Abbreviation: CSS, cancer-specific survival.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2018:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

5832

liu et al

IIIA–C0 patients indicated that CEA levels have an upstaging 

effect that may constitute an important complement for the 

AJCC TNM staging system, which could be of great clini-

cal significance. In 2004, pooled analysis of five Phase III 

cooperative group trials showed local recurrence rates of 7% 

and 9% for the pT1-2N1 and pT3N0 groups, respectively.10 

Meanwhile, increased CSS in stage IIIA–C0 patients com-

pared with that in stage IIA–C1 counterparts also seems to 

explain the lack of clear rank in pT1-2N1 and pT3N0 rectal 

cancer cases in predicting outcomes using conventional 

TNM stages.

Although adjuvant chemotherapy is currently recom-

mended by the National Comprehensive Cancer Network 

(NCCN) and the European Society for Medical Oncology 

(ESMO) in the postoperative management of stage II/III 

rectal cancer regardless of the fact that stage II has a sig-

nificantly lower risk of recurrence, application of adjuvant 

chemotherapy remains controversial, and a large population-

based study showed that adjuvant chemotherapy does not 

improve outcomes in randomly selected patients with stage II 

rectal cancer.11,12 Currently, it is widely accepted that patients 

with TNM stage II colon cancer showing any of the high-

risk factors, including T4-stage, obstruction, perforation, 

poorly differentiated histology, ,12 lymph nodes, pres-

ence of lymphovascular or perineural invasion, and posi-

tive margins, might be considered candidates for adjuvant 

chemotherapy.13–16 Yet, application of these high-risk features 

for adjuvant chemotherapy in stage II rectal cancer seems 

to be suboptimal.17 We suggested that C stage could play a 

role in selecting more appropriate patients with stage II rectal 

cancer who should receive adjuvant chemotherapy and highly 

disagree with the application of adjuvant chemotherapy in 

stage IIA–C0 rectal cancer.

This study showed that stage IIIA–C0 (T1–T2N1M0) had 

similar cancer-specific mortality with stage I (T1–T2N0M0) 

C1 and 5-year survival (89.5% vs 90.4%). Considering 

almost the same in the T stage (T1–T2), the C1 stage was once 

again shown to be non-inferior to the N1 stage for indicat-

ing poor prognosis. However, in clinical practice nowadays, 

stage IIIA patients are treated with adjuvant chemotherapy, 

while stage I cases are not.18,19 Therefore, this study took into 

account the possibility of undertreatment of TNM stage I 

rectal cancer cases and overtreatment of patients with TNM 

stage IIIA rectal cancer. Meanwhile, toxicity and adverse 

events caused by overtreatment in TNM stage IIIA rectal 

cancer should be considered. Fortunately, C stage could dis-

tinguish well between stages I–C0 and I–C1 in TNM stage I 

cases and between stages IIIA–C0 and IIIA–C1 in TNM 

stage IIIA cases, providing additional evidence to support 

C stage incorporation into the AJCC TNM staging system 

and suggesting less chemotherapy in stage IIIA–C0, which 

also deserves further investigation in prospective studies.

The improved prognosis of several node-positive stages 

(stages IIIA–C0, IIIA–C1, and IIIB–C0, respectively) com-

pared with multiple node-negative stages (stages IIC–C0, 

IIB–C1, and IIC–C1, respectively) suggested that node status 

may not be precise enough in predicting the prognosis of 

patients with malignant rectal carcinoma. In addition, all 

C0-stage groups in each N stage showed higher HRs and 

decreased 5-year CSS rates compared with C0-stage coun-

terparts in the higher N stage. Our findings suggested that 

C1-stage patients would have similar prognosis compared 

with N1a-stage counterparts, indicating that C1 stage might 

also be a powerful predictor of poor prognosis. Considering 

node-positive stages received adjuvant chemotherapy while 

node-negative stages not, we believe that C stage may have 

its role in the guidance of adjuvant chemotherapy in rectal 

cancer.

This study had several limitations. First, the C–TNM 

stage did not take into account other prognostic factors, 

including the DNA mismatch repair (MMR) status, che-

motherapy, and radiotherapy, which could independently 

affect patient survival.18,20 Second, although C1 stage may be 

associated with poor survival, whether C1-stage rectal cancer 

would benefit from current conventional chemotherapy 

remains controversial and deserves further investigation. 

Next, though colorectal cancer is a common cause of elevated 

CEA levels, such elevation could also be caused by biliary 

obstruction, inflammatory digestive disorders, smoking, and 

so on.21 Finally, the abovementioned analyses were merely 

based on retrospective data. Therefore, future prospective 

clinical studies of C stage are required for a more sensitive 

risk-adaptive staging system.

Conclusion
This large population-based study demonstrated that C stage 

is an independent prognostic factor. We hold the belief that 

routine preoperative CEA testing should be conducted for all 

rectal cancer patients, with C stage included into the TNM 

staging system. However, further evaluation of C stage is 

required to identify optimal candidate patients who may 

benefit from adjuvant treatment.
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Table S1 Multivariable cox regression analyses of all independent prognostic factors in nonmetastatic rectal cancer patients

Covariate Reference Variable CSS

HR (95% CI) SE P-value

Tumor location rectosigmoid junction rectum 1.233 (1.149–1.322) 0.036 ,0.001
grade grade i grade i 1.074 (0.925–1.247) 0.076 0.350

grade ii 1.331 (1.130–1.569) 0.084 0.001
grade iii 1.365 (0.992–0.878) 0.163 0.056
Unknown 0.981 (0.788–1.222) 0.112 0.866

c stage c0 stage c1 stage 1.569 (1.467–1.677) 0.034 ,0.001
seventh aJcc TnM staging stage i stage iia 1.863 (1.658–2.094) 0.060 ,0.001

stage iiB 3.310 (2.511–4.363) 0.141 ,0.001
stage iic 4.646 (3.846–5.612) 0.096 ,0.001
stage iiia 2.079 (1.740–2.485) 0.091 ,0.001
stage iiiB 4.271 (3.816–4.780) 0.057 ,0.001
stage iiic 7.315 (6.419–8.336) 0.067 ,0.001

Tumor size #5 cm $5 cm 1.129 (1.046–1.218) 0.039 0.002
Unknown 1.101 (0.993–1.222) 0.053 0.068

age at diagnosis (years) #65 $65 1.713 (1.604–1.829) 0.033 ,0.001
race White Black 1.397 (1.257–1.552) 0.054 ,0.001

Other 0.861 (0.771–0.961) 0.056 0.007
gender Male Female 0.875 (0.819–0.935) 0.034 ,0.001
Year of diagnosis 2004 2005 0.969 (0.866–1.085) 0.058 0.587

2006 0.951 (0.846–1.069) 0.060 0.398
2007 0.935 (0.833–1.051) 0.059 0.259
2008 0.950 (0.843–1.072) 0.061 0.407
2009 0.920 (0.811–1.044) 0.064 0.195
2010 0.952 (0.835–1.086) 0.067 0.467

Abbreviations: CSS, cancer-specific survival; AJCC, American Joint Committee on Cancer.
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