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Background: The present study aimed to investigate the cause-specific survival (CSS) of very small rectal 
cancer in the context of preoperative serum carcinoembryonic antigen (CEA) elevation.
Methods: Patients diagnosed with node-negative rectal cancer from the Surveillance, Epidemiology, and 
End Results (SEER) database from January 2004 to December 2010 meeting the inclusion criteria were 
identified for this study. The Cox proportional hazards regression analyses were conducted to identify 
independent factors associated with CSS. Pearson’s chi-squared tests and Kaplan-Meier methods were 
performed.
Results: A total of 8,413 patients were included into our study. Kaplan-Meier analyses showed lower 
7-year CSS rate of very small tumors (≤5 mm) compared to those larger than 40 mm (70.4% vs. 76.0%, log-
rank P=0.469). Multivariate Cox analyses showed that patients with very small tumor size (≤5 mm) was also 
associated with a significantly increased risk of cancer-specific mortality compared with those with large 
tumor size (HR =2.567, 95% CI: 1.285 to 5.130, P=0.008, using ≥41 mm, C+ as a reference).
Conclusions: Very small tumor size in the context of preoperative serum CEA elevation could be a 
surrogate for biological aggressiveness. Our finding would provide a better understanding of tumor biology 
for us and elicit more future biological researches.

Keywords: Tumor size; carcinoembryonic antigen (CEA); rectal cancer

Submitted May 10, 2019. Accepted for publication Aug 08, 2019.

doi: 10.21037/atm.2019.08.81

View this article at: http://dx.doi.org/10.21037/atm.2019.08.81

Introduction

Rectal cancer is one of the most commonly diagnosed 
cancers among men and women (1). There were an 
estimated 43,030 new diagnoses of rectal cancer in 2018 
in the US alone (2). Compared with colon cancers, the 
distinctive anatomic and physiologic features conferred upon 
rectal diseases higher risk of local spread and recurrence (3).  
The prognosis of rectal cancer depends on multiple patient 
and tumor characteristics, including T stage, lymph 
node involvement, distant metastases, age, the serum 
carcinoembryonic antigen (CEA) level of and so on (3-5).

As a 201 kDa highly glycosylated antigen, serum CEA 
is the single most important tumor marker and elevated 
preoperative CEA correlate with worse prognosis in rectal 
cancer (5-7). In 2000, the Colorectal Working Group of 
the American Joint Committee on Cancer (AJCC) even 
proposed the inclusion of serum level of CEA (C-stage) 
into conventional TNM staging of rectal cancer (8). 
Furthermore, the American Society of Clinical Oncology 
(ASCO) (6) and the European Group on Tumor Markers (5)  
have both recommended the use of preoperative serum 
CEA as a prognostic tool in rectal cancer.

Traditionally, cancer gains the ability to metastasize as 
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it grows to a larger size (9). However, recent studies have 
suggested that metastasis can occur at an early point of 
tumor progression (10-13). Moreover, CEA-producing 
tumors have been demonstrated to have a higher ability 
for metastasis in mouse models (14,15). Then, we have the 
assumption that very small tumor with elevated serum CEA 
may suggest early acquisition of metastatic potential.

To the best of our knowledge, no research was reported 
to address the relationship of tumor size and survival rectal 
cancer in predicting cause-specific survival (CSS) with 
elevated serum CEA. In the present study, we sought to 
investigate the possible interaction between tumor size 
and elevated serum CEA. Because our hypothesis was that 
very small tumor size with elevated CEA would present 
aggressive biology, particularly, we would examine whether 
very small rectal cancer in the context of CEA elevation was 
associated with poor prognosis.

Methods

Study design and data source

Patients of our study were identified from the Surveillance, 
Epidemiology, and End Results (SEER) Program of the 
United States National Cancer Institute, released in 
2018. The SEER program collects patient demographic 
information, cancer diagnostic information, and outcomes 
in areas participating in the SEER Program, encompassing 
approximately 28% of the US population. It does not 
contain any identifiers and is publicly available for the 
studies of cancer-based epidemiology. The National Cancer 
Institute’s SEER-Stat software (Surveillance Research 
Program, National Cancer Institute SEER-Stat software 
(version 8.3.5) was used to get access to SEER database in 
this study.

Shown as Figure 1, patients diagnosed with pathological 
stage I–II rectal cancer treated with surgery between 
January 1, 2004 and December 31, 2010 were identified 
from the SEER database. We identified patients diagnosed 
within these years as pretreatment serum CEA information 
was recorded starting from 2004 and we wanted to allow for 
5 years of follow-up (SEER follow-up ended in 2015).

The exclusion criteria were as follows: tumor size 
unknown; race unknown; lack of positive histological 
confirmation; non-adenocarcinoma histologies; pathological 
T stage or pathological N stage unknown; not active follow-
up and lymph-node positive. We also excluded patients 
without surgery to ensure accurate assessment of tumor size. 

The aforementioned process was illustrated in a simplified 
sequence flow diagram in Figure 1. The whole population 
was then divided into 5 groups according to tumor size: (I) 
≤5 mm (including microscopic focus); (II) 6–20 mm; (III) 
21–30 mm; (IV) 31–40 mm and (V) ≥41 mm.

Statistical analyses

In our study, different clinicopathologic factors between 
the CEA-normal and CEA-elevated groups were compared 
using Pearson’s chi-squared tests. The study endpoint used 
in our study was CSS. The cause of death was categorized 
as rectal cancer specific or non-rectal cancer related, and 
CSS was calculated from the date of diagnosis to the date of 
rectal cancer death. Patients who died of other causes were 
censored at the date of death. A variable combined with 
tumor size and CEA levels was then defined to evaluate the 
interaction between tumor size and CEA level in predicting 
CSS. The CSS curves of our study were constructed using 
the Kaplan-Meier method, and log-rank tests were used to 

Figure 1 Schematic representation of patient population selected 
from SEER database. SEER, Surveillance, Epidemiology, and End 
Results.
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determine a univariate survival difference. Furthermore, 
we also conducted pair-wise comparisons between different 
combinations of tumor size and CEA level to determine the 
presence of significant CSS differences. Cox proportional 
hazard models were constructed to adjust hazard ratios 
(HRs) with 95% confidence intervals (CIs). Statistical 
analysis was mainly performed using SPSS version 22 
(SPSS Inc., IL, USA); and two-sided P<0.05 was considered 
statistically significant.

Results

Baseline characteristics

A total of 8,413 patients diagnosed with pathological stage 
I–II rectal cancer were identified from the SEER database. 
Median follow-up time among censored patients was  
84 months, and 1,144 (13.6%) patients died of rectal cancer 
at the end of the follow-up time. Of all, 5,867 patients 
(69.7%) were stratified into the CEA-normal group, and 
2,546 patients (30.3%) were stratified into the CEA-elevated 
group. The elevation of CEA was correlated with higher T 
stage, older age, black, mucinous adenocarcinoma or signet 
ring cell carcinoma and larger tumor size (P<0.001, Table 1).  
Within the smallest size stratum (≤5 mm), 211 patients 
(3.6%) had CEA-normal disease and 37 patients (1.5%) had 
CEA-elevated disease.

Interaction between tumor size and CEA levels in CSS

Multivariate Cox analysis was conducted after adjusting for 
pathological T stage, year of diagnosis, age at diagnosis, 
race, gender, tumor location, tumor grade, histology 
(Table 2). The results of multivariate analysis showed a 
significant interaction between tumor size and CEA levels 
in determining CSS (P<0.001, Table 2). Furthermore, the 
results also indicated more favorable prognosis of lower 
pathological T stage, younger age, white race, females, 
lower tumor grade and adenocarcinoma histology (Table 2). 
Separate Kaplan-Meier CSS curves for CEA-normal and 
CEA-elevated patients stratified by categorical tumor size 
are provided in Figure 2A,B. Among CEA-elevated (C+) 
cases, Kaplan-Meier analysis showed 7-year CSS (median 
follow-up time among censored patients was 7 years) 
decreased as tumor enlarged except when tumor size was less 
than 5 mm. We found that very small tumors (≤5 mm) had 
poorer 7-year CSS compared to those larger than 40 mm  
(70.4% vs. 76.0%), but it did not achieve significant 

difference (log-rank P=0.469), which was probably because 
of the relatively small sample size of group (≤5 mm, C+) 
(n=37, Figure 2A). Even after controlling for multiple 
patient-specific factors, however, patients with very small 
tumor size (≤5 mm) was associated with a significantly 
increased risk of cancer-specific mortality compared with 
those with large tumor size (HR =2.567, 95% CI: 1.285 
to 5.130, P=0.008, using ≥41 mm, C+ as a reference, 
Table 2). In addition, we have also conducted the Kaplan-
Merier CSS analyses of serum CEA levels and tumor size, 
respectively (Figures S1,S2). The results showed that serum 
CEA elevation and larger tumor are associated with worse 
prognosis.

In contrast, among patients with normal level of 
CEA, tumor size correlated directly with CSS and 
7-year CSS gradually decreased as tumor size increased, 
without exception (log-rank P=0.002, Figure 2B). Similar 
phenomenon was found after controlling for T stage, year 
of diagnosis, age at diagnosis, race, gender, tumor location, 
tumor grade, histology chemotherapy (Table 2).

The relationship of adjusted HRs and different tumor 
size groups with elevated or normal level of CEA was 
visualized in Figure 3, in which the highest adjusted HR of 
very small tumor size (≤5 mm) with elevated level of CEA 
was very prominent.

Discussion

In the present study, aimed to investigate the possible 
interaction of tumor size and elevated serum CEA in 
predicting CSS of node-negative rectal cancer (stage I–II), 
we provide the first evidence that very small rectal cancers 
(≤5 mm) were associated with approximately double risk of 
cancer-specific mortality compared with tumors sized 6–20, 
21–30, 31–40, or ≥ 41 mm in the context of serum CEA-
elevation, even after adjusting for potential explanatory 
factors such as T stage, year of diagnosis, age at diagnosis, 
race, gender, tumor location, tumor grade, histology 
and chemotherapy. This finding was consistent with our 
previous hypothesis that very small tumor size with elevated 
CEA would be associated with aggressive biology. On the 
other hand, among those with normal serum CEA, the risk 
of mortality increased monotonically with tumor enlarging.

In 2011, an impressive research found that very small 
tumors would present aggressive biology when involved 
in node-positive breast cancer (16). Then, similar findings 
were demonstrated in colon and prostate cancer (17,18). 
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Table 1 Comparison of baseline characteristics by the CEA level in SEER cohort

Variable
No. of patients (%)

P
CEA-normal (N=5,867) CEA-elevated (N=2,546)

T stage <0.001

T1 1,587 (27.0) 297 (11.7)

T2 1,996 (34.0) 646 (25.4)

T3 2,101 (35.8) 1,358 (53.3)

T4 183 (3.1) 245 (9.6)

Year of diagnosis 0.086

2004–2007 3,401 (58.0) 1,527 (60.0)

2008–2010 2,466 (42.0) 1,019 (40.0)

Age at diagnosis (years) <0.001

≤65 2,777 (47.3) 1,008 (39.6)

>65 3,090 (52.7) 1,538 (60.4)

Race <0.001

White 4,939 (84.2) 2,019 (79.3)

Black 423 (7.2) 268 (10.5)

Other 505 (8.6) 259 (10.2)

Gender 0.466

Male 3,272 (55.8) 1,398 (54.9)

Female 2,595 (44.2) 1,148 (45.1)

Tumor location <0.001

Rectosigmoid junction 2,346 (40.0) 1,140 (44.8)

Rectum 3,521 (60.0) 1,406 (55.2)

Tumor grade 0.246

Grade I/II 5,066 (86.3) 2,192 (86.1)

Grade III/IV 622 (10.6) 290 (11.4)

Unknown 179 (3.1) 64 (2.5)

Histology <0.001

Adenocarcinoma 5,711 (97.3) 2,383 (93.6)

Mucinous adenocarcinoma/signet ring cell carcinoma 156 (2.7) 163 (6.4)

Tumor size (mm) <0.001

≤5 211 (3.6) 37 (1.5)

6–20 1,354 (23.1) 286 (11.2)

21–30 1,293 (22.0) 379 (14.9)

31–40 1,160 (19.8) 477 (18.7)

≥41 1,849 (31.5) 1,367 (53.7)

CEA, carcinoembryonic antigen; SEER, Surveillance, Epidemiology, and End Results.
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Table 2 Multivariate Cox regression analyses of CSS in SEER cohort

Variable
Overall Pairwise

HR (95% CI) P HR (95% CI) P

T stage <0.001 – –

T1 Reference

T2 1.147 (0.924–1.423) 0.213

T3 1.968 (1.582–2.450) <0.001

T4 4.822 (3.665–6.345) <0.001

Year of diagnosis 0.761 – –

2004–2007 Reference

2008–2010 0.981 (0.866–1.111)

Age at diagnosis (years) <0.001 – –

≤65 Reference

>65 1.897 (1.673–2.151)

Race <0.001 – –

White Reference

Black 1.421 (1.178–1.715) <0.001

Other 0.771 (0.617–0.964) 0.022

Gender 0.002 – –

Male Reference

Female 0.830 (0.737–0.934)

Tumor location <0.001 – –

Rectosigmoid junction Reference

Rectum 1.290 (1.142–1.457)

Tumor grade 0.095 – –

Grade I/II Reference

Grade III/IV 1.144 (0.959–1.364) 0.135

Unknown 1.336 (0.952–1.874) 0.094

Histology 0.670 – –

Adenocarcinoma Reference

Mucinous adenocarcinoma/signet ring cell 
carcinoma

1.059 (0.814–1.378)

Chemotherapy 0.140 – –

No Reference

Yes 0.898 (0.779–1.036)

Table 2 (continued)



Pan et al. Increased mortality in very small CEA+ rectal cancer

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2019;7(18):447 | http://dx.doi.org/10.21037/atm.2019.08.81

Page 6 of 9

These findings challenged the traditional view that cancer 
gains the ability to metastasize as it grows to a larger size (9).  
Among many tumor markers and prognostic indicators, 
the serum CEA was the single most important one and 
played an irreplaceable role in colorectal cancer (3,5). And 

CEA-producing tumors have long been demonstrated 
to have a higher ability for metastasis (14,15). We then 
have the appropriate assumption that rectal cancer with 
very small primary lesions, when involved in serum CEA-
elevation, might be a surrogate for biologically aggressive 

Table 2 (continued)

Variable
Overall Pairwise

HR (95% CI) P HR (95% CI) P

Tumor size and CEA level <0.001 – –

≤5 mm, C0 Reference 0.474 (0.264–0.851) 0.012

6–20 mm, C0 1.238 (0.695–2.207) 0.469 0.587 (0.459–0.751) <0.001

21–30 mm, C0 1.327 (0.740–2.383) 0.342 0.629 (0.506–0.782) <0.001

31–40 mm, C0 1.306 (0.723–2.361) 0.376 0.619 (0.502–0.764) <0.001

≥41 mm, C0 1.337 (0.745–2.398) 0.330 0.634 (0.534–0.752) <0.001

≤5 mm, C+ 5.415 (2.313–12.679) <0.001 2.567 (1.285–5.130) 0.008

6–20 mm, C+ 1.674 (0.875–3.203) 0.120 0.794 (0.550–1.146) 0.217

21–30 mm, C+ 2.018 (1.088–3.746) 0.026 0.957 (0.725–1.264) 0.756

31–40 mm, C+ 2.098 (1.143–3.852) 0.017 0.994 (0.784–1.262) 0.964

≥41 mm, C+ 2.109 (1.175–3.788) 0.012 Reference

C0, CEA-normal; C+, CEA-elevated. CSS, cause-specific survival; SEER, Surveillance, Epidemiology, and End Results; HR, hazard ratio; 
CI, confidence interval.

Figure 2 Kaplan-Meier CSS curves stratified by categorical tumor size in: (A) serum CEA-elevated rectal cancer; (B) serum CEA-normal 
rectal cancer. CSS, cause-specific survival; CEA, carcinoembryonic antigen.
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disease, where metastases pathways had more advantage 
than those resulting in “reattachment in or at the primary 
site” according to the “self-seeding” concept (9), and cancer 
cells experienced more clonal expansions and mutations 
according to the linear progression model of cancer 
progression (11), contributing to the significantly worse 
prognosis.

Our finding would have important implications for both 
researchers and clinicians. On the one hand, the present 
study could provide better understanding of rectal cancer 
biology to elicit further researches. CSS differences were 
presented both before and after adjusting for other known 
prognostic factors in rectal cancer. The dissemination of 
very small serum CEA-elevated rectal cancer cells might 
occur early after acquisition of fully malignant traits and 
these tumor cells are also thought to share most of their 
characteristics with the primary tumor (11). Very small 
serum CEA-elevated rectal disease could be a surrogate of 
increased biological aggressiveness and experience more 
clonal expansions and mutations which deserve future 
identifications and might elicit the discovery of new genomic 
changes or new drug targets in further researches (11).

On the other hand,  according to the National 
Comprehensive Cancer Network (NCCN) guidelines, 
stage I rectal cancer was treated with surgical resection 

alone and stage II disease was treated with neoadjuvant 
chemoradiation therapy with subsequent surgical resection 
and systemic chemotherapy as the current standard of care 
for the intended cure of rectal cancer (19,20). As is known, 
many previous studies showed that larger tumors are 
associated with poorer oncologic outcomes (21-25). While 
tumor size appeared to be of minor value within the rectal 
disease (26), in our study, very small rectal cancer (≤5 mm) 
presented 156.7% increased risk of rectal cancer-specific 
mortality compared with large rectal disease (≥41 mm)  
with involvement of elevated serum CEA, even after 
adjusting for other prognostic factors. Our present results 
indicated that very small stage II rectal cancer might be 
candidates for intensification of chemoradiation therapy 
and chemoradiation therapy should also be considered for 
very small stage I rectal disease in the context of serum 
CEA-elevation. With the widely accept and application of 
pretreatment serum CEA examination and colonoscopy (3), 
in especial, the main strength of our study to guide clinical 
treatment was prior to the operation, when neoadjuvant 
therapy should be applied or paid more attention based on 
the results of blood examination (elevated serum CEA) and 
colonoscopy (very small tumor size).

While limited to very small sample size of tumor size less 
than 5 mm with elevated serum CEA (n=37), we were not 

Figure 3 Adjusted hazard ratios comparing CSS among different tumor size and serum CEA levels groups. CSS, cause-specific survival; 
CEA, carcinoembryonic antigen.
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able to effectively study the role of chemoradiation therapy, 
our present results might still more or less shed some 
enlightenment for clinicians to counsel patients with very 
small serum CEA-elevated rectal cancer about prognosis 
and guide clinical treatment.

The results of our multivariate analysis supported the 
finding that blacks were associated with higher risk of 
mortality compared with white patients (27). In Pearson’s 
chi-squared tests, blacks were more likely to present 
elevated serum CEA compared with whites, which might 
be one reason of blacks’ poorer prognosis. Furthermore, 
higher T stage, older age, mucinous adenocarcinoma or 
signet ring cell carcinoma and larger tumor size were more 
prone to serum CEA elevation. Our study also supported 
the excellent prognosis for patients with very small tumors 
in the context of normal serum CEA with an unadjusted 
7-year CSS of 93.2%.

This study had some limitations. First, it did not include 
multiple potential prognostic factors such as microsatellite 
instability, BRAF V600E mutation, radiotherapy and CEA 
level, introducing biases to some extent (28-30). Second, 
the sample size is relatively small. In especial, we had very 
few of patients within our smallest size group, and they 
represented a very small percentage of the overall cohort. 
This limitation was inherent to the study design given the 
relative rarity of very small rectal cancers with elevated 
serum CEA. Although this limitation might therefore 
reduce the general applicability of our findings, future 
researches into the biological characteristics of very small 
rectal disease with the involvement of serum CEA-elevation 
could potentially benefit all patients with rectal cancer. 
Third, because of the limitation of the SEER database, 
we cannot conduct concerning the detailed value of serum 
CEA, including the association of CEA and tumor size 
both as continuous variable. Finally, the present study 
was retrospective rather than prospective. These findings 
still need to be validated in other prospective cohorts. In 
spite of these limitations, the SEER database provides the 
opportunity for us to analyze a large sample size of patients 
with active follow-up. Our data represents the most robust 
evaluation of interaction between tumor size and elevated 
serum CEA.

In conclusion, our study provided the first evidence that 
very small tumors with elevated serum CEA might present 
significantly increased risk of mortality compared with 
larger tumors, suggesting that very small tumor size in the 
context of serum CEA-elevation could be a surrogate for 
biological aggressiveness that was not explained by known 

patient and tumor characteristics such as the depth of 
tumor invasion or tumor grade. Our finding, if validated 
in other databases, further researches should focus on the 
subset of very small rectal cancer with serum CEA-elevation 
to identify genetic or molecular changes that contribute 
to elevation of serum CEA and thus increasing the risk 
of mortality; in clinic, more attention of chemoradiation 
therapy should be paid to very small rectal cancer with 
serum CEA-elevation, especially prior to the operation 
based on the results of blood examination and colonoscopy.
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Figure S1 Kaplan-Meir CSS curves according to serum CEA levels in the whole cohort. CSS, cause-specific survival; CEA, 
carcinoembryonic antigen.



Figure S2 Kaplan-Meir CSS curves according to tumor size in the whole cohort. CSS, cause-specific survival.
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