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Purpose: This study aimed to assess the prognostic value of the postoperative serum
carcinoembryonic antigen (CEA) levels/preoperative serum CEA levels ratio (CEA ratio)
in colorectal cancer (CRC) patients with high preoperative serum CEA levels and to identify
the optimal prognostic cutoff value.

Patients and methods: The medical records of 187 CRC patients in a single center who
underwent surgery between September 2012 and September 2014 were retrospectively
reviewed. CEA ratio was defined as the ratio between the postoperative serum CEA and
preoperative serum CEA. The optimal cutoff values for the CEA ratio were determined by
time-dependent receiver operating characteristic (ROC) curve analyses. The Chi-square test
or Fisher’s exact probability test were used to test the correlation between CEA ratio and
clinicopathological characteristics. Univariate, multivariate, and subgroup Cox proportional
hazards analysis were used to identify independent prognostic factors. Kaplan—-Meier method
was used for establishing survival curves.

Results: The median follow-up time was 62 months (range 3—88 months). The optimal CEA
ratio cutoff value closely related to disease-free survival was 0.295. In the Chi-square test,
the CEA ratio was associated with pN stage (p=0.003) and postoperative CEA (»p<0.001). In
the multivariate analysis, the CEA ratio was an independent prognostic factor for disease-
free survival (p=0.003, HR 2.300 [95% CI: 1.326-3.988]) and cancer-special survival
(»=0.003, HR 2.525 [95% CI: 1.381-4.614]). The CEA ratio reflected the prognosis of
CRC patients more accurately than postoperative CEA levels alone, and the CEA ratio of
0.295 was more likely to reflect the prognosis than other cutoff values.

Conclusion: The CEA ratio is a simple and useful tool for further forecasting the prognosis
of CRC patients with high preoperative CEA levels and may help develop strategies for the
postoperative treatment of CRC patients.

Keywords: colorectal cancer, prognosis, CEA ratio, high preoperative CEA levels

Introduction

Colorectal cancer (CRC) is the third most common malignant tumor, and its mortality
rate ranks second worldwide. There were over 1.8 million new CRC diagnoses world-
wide in 2018, with an estimated 881,000 deaths.' In China, CRC is the fifth most
common malignant tumor, and its mortality ranks fourth. The incidence of the disease
continues to increase.” Despite the significant benefits of many treatment procedures,
including surgery, neoadjuvant radiotherapy, and adjuvant chemotherapy, the long-term
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survival rate of advanced CRC remains unsatisfactory, with a
5-year survival rate of less than 12%.%>" Therefore, further
research is required to identify prognostic indicators that better
assess CRC survival and tumor progression.

The carcinoembryonic antigen (CEA) is one of the
most commonly used prognostic factors for CRC.%’
Many studies have indicated that preoperative serum
CEA level is important for prognosing patients with
CRC and found that high preoperative serum CEA level
is an independent risk factor for prognosis.®'? However,
Konishi et al showed that patients with high preoperative
CEA levels can normalize after resection of the primary
tumor, and their prognosis was consistent with normal
preoperative CEA patients.*'*"'> These findings suggest
that other factors are needed to aid prognostication in CRC
patients with high preoperative CEA levels.

Recently, some studies hypothesized that the post/pre-
operative serum CEA ratio could predict the prognosis of
CRC patients. The CEA ratio reflects the prognosis
through changes in serum CEA levels after treatment,
which can correct other diseases or factors affecting
serum CEA levels.”'®!7 However, most of those investi-
gations studied specific TNM stages, and the relationship
between the CEA ratio and the prognosis of CRC patients
with high preoperative CEA levels remains unclear. In the
study, for the first time, we aimed to investigate the prog-
nostic value of the CEA ratio in CRC patients with high
preoperative CEA levels.

Materials and methods
Study design

This is a retrospective study from a single center.

Study population

The medical records of 670 CRC patients who underwent
surgery at the Department of Colorectal Anal Surgery at
the First Affiliated Hospital Medical
University (Guangxi, China) between September 2012

of Guangxi

and September 2014 were retrospectively reviewed.
Cases were selected according to the following inclusion
criteria: 1) histopathological diagnosis of colon or rectal
cancer, 2) complete clinical pathology report and post-
operative follow-up data, and 3) complete data of preo-
perative and postoperative serum CEA levels. Cases were
excluded according to the following criteria: 1) patients
died due to non-CRC-related means, 2) patients had nor-
mal preoperative serum CEA levels, 3) patients underwent

palliative surgery, and 4) refusal to sign informed consent
to process biological specimens.

Collection of preoperative and
postoperative serum CEA levels, and
baseline clinicopathological

characteristics

Preoperative fasting venous blood (4 mL) was collected on
the second day following admission. Postoperative fasting
venous blood (4 mL) was collected on or after the 30th
day following surgery. Blood samples were centrifuged
within 1 hr of collection. Serum that could not be analyzed
within 6 hrs was stored at —20°C. Preoperative and post-
operative serum CEA levels were measured using a che-
miluminescence immunoassay with the Elecsys 2010
Risch-
Rotkreuz, Switzerland). The following concentrations

Immunoassay Analyzer (Roche Diagnostics,
were considered to indicate positive expression: preopera-
tive serum CEA levels >5 ng/mL, postoperative serum
CEA levels >5 ng/mL. The CEA ratio was calculated
using the preoperative and postoperative blood serum
CEA laboratory data by the following formula: CEA
ratio=postoperative serum CEA levels/preoperative serum
CEA levels. The clinicopathological characteristics exam-
ined were gender, age, pT stage, pN stage, metastasis,
tumor location, perineural/vascular invasion, pathological
type, differentiation, operation method, and postoperative
chemoradiotherapy.

Survival follow-up

According to the AJCC guidelines, patients were fol-
lowed-up with primarily by telephone and outpatient
clinics based on informed patient knowledge. Follow-up
examinations included blood tests such as serum tumor
biomarkers, as well as image diagnostics, including X-
rays, positron emission tomography, computed tomogra-
phy, and periodic colonoscopy. The end of the follow-up
period was June 25, 2019. The censored data for disease-
free survival (DFS) were defined as the data from patients
who had no recurrence and metastasis after operation at
the end of the follow-up deadline. DFS was defined as the
time from resection of the cancer to recurrence, metastasis,
or the censored time. The censored data for cancer-special
survival (CSS) were defined as the data from patients who
were alive at the end of the follow-up deadline. CSS was
defined as the time from resection of the CRC to death
from CRC or the censored time. Poor prognosis was
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defined as patients had recurrence and metastasis or died
of CRC during follow-up, good prognosis was defined as
patients had no recurrence and metastasis and were alive
during follow-up.

Statistical analyses
The
(ROC) curve analysis and area under the ROC curve

time-dependent receiver operating characteristic

(AUC) were used to evaluate the feasibility of using the
CEA ratio as a predictor of DFS, and the optimal prognosis
cutoff value for the CEA ratio was obtained by Youden
index.'® We used the time-dependent ROC analysis produc-
tion website, Cutoff Finder (http://molpath.charite.de/cut
off/index.jsp), which considered the censored survival
time.'® The Chi-square test or Fisher’s exact test was used
to test the correlation between the CEA ratio and clinico-
pathologic characteristics. The survival curve was esti-
mated by the Kaplan—Meier method, and statistical
differences were examined wusing a log-rank test.
Univariate, multivariate, and subgroup survival analysis
were performed using the likelihood ratio test of the Cox
proportional hazards model. The nomograms for predicting
DFS and CSS were established by using Cox proportional
hazards model. A probability (p) value of <0.05 (two-sided)
was considered statistically significant. All statistical ana-
lyses were performed using IBM SPSS Statistics for
Windows, version 24.0 (IBM Corp, Armonk, NY, USA)

and R Version 3.5.3 (https://www.r-project.org/).

Results

Patients, clinicopathologic characteristics
This study included medical records of 670 CRC patients.
One hundred and forty-eight patients were excluded due to
the lack of postoperative serum CEA data, 24 patients
underwent palliative surgery, 7 patients died of non-
CRC-related means, and 304 patients had normal preo-
perative serum CEA levels. In total, the medical records
of 187 CRC patients were retrospectively reviewed. The
median follow-up time was 62 months (the follow-up
period was 3—88 months). The process of case inclusion
and exclusion in this study is shown in Figure 1.

A total of 74 female patients and 113 male patients
were analyzed. The pathological diagnoses included 97
patients with rectum and 90 patients with colon. The
tumor staging of the patients included 18 patients with
TNM Stage 1, 59 patients with TNM Stage II, 86 patients
with TNM Stage III, and 24 patients with TNM Stage IV.

The types of surgery were as follows: open operation in 97
patients, laparoscopic operation in 90 patients. Only 126
patients

(Table 1).

received  postoperative  chemoradiotherapy

Optimal cutoff value for CEA ratio
associated with DFS

To determine the optimal CEA ratio cutoff value for pre-
dicting DFS, we imported the CEA ratios, survival condi-
tions, and survival times into the Cutoff Finder website for
time-dependent ROC curve analysis, the event for estimat-
ing the time-dependent ROC curve analysis is recurrence
and metastasis or death. The AUC value was 0.68 and the
optimal cutoff point for the CEA ratio was 0.295, with a
sensitivity of 70.4%, a specificity of 56.6%, and an accu-
racy of 68.0% (Figure 2). CRC patients were then divided
into high CEA ratio group and low CEA ratio group.

The correlation between CEA ratio and

clinicopathologic characteristics

The Chi-square test or Fisher’s exact test was used to test
CEA
Clinicopathologic characteristics, including gender, age,

the correlation between the ratio and
pT stage, pN stage, metastasis, tumor location, peri-
neural/venous invasion, pathologic type, differentiation,
operation method, postoperative chemoradiotherapy, and
postoperative CEA level. The CEA ratio was related to pN
stage (X?=11.390, P=0.003) and postoperative CEA

(X?=27.523, p<0.001) (Table 1).

Univariate, multivariate, and subgroup
analysis of the CEA ratio in CRC patients

In univariate analyses, pN stage (p<0.016), metastasis
(»<0.001), perineural/vascular invasion (P=0.004), postopera-
tive CEA level (p=0.001), and CEA ratio (p=0.001) were
associated with DFS; pN stage (p<0.029), metastasis
(»<0.001), perineural/vascular invasion (P=0.019), postopera-
tive CEA level (p=0.001), and CEA ratio (p<0.001) were
associated with CSS. In the multivariate analysis, pN stage
(»p=0.016), metastasis (p<0.001), and CEA ratio (p=0.003)
were independent prognostic factors for DFS; pN stage
(»p=0.029), metastasis (p<0.001), and CEA ratio (p=0.003)
were independent prognostic factors for CSS (Table 2). The
analysis of 12 subgroups of DFS was identified statistical
significance in the subgroups of male, age <60, T3-T4
stage, NO stage, no metastasis, rectal cancer, positive and
negative perineural/venous invasion, ulcerative type, poor
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Figure | The process of case inclusion and exclusion in this study.

and medium/high differentiation, laparoscopy operation, che-
moradiotherapy, and normal postoperative CEA levels (Figure
3A). The analysis of 12 subgroups of CSS was identified
statistical significance in the subgroups of male, age <60,
T3-T4 stage, NO stage, no metastasis, positive and negative
perineural/venous invasion, ulcerative type, poor and med-
ium/high differentiation, open and laparoscopy operation,
chemoradiotherapy, and normal postoperative CEA levels
(Figure 3B).

Comparison of the CEA ratio to

postoperative CEA level

A total of 76 (40.7%) patients had postoperative CEA
level >5 ng/mL, of which only 44 patients had a poor
prognosis, and prediction value of DFS is as follows: the
sensitivity, the specificity, and the accuracy were 54.3%
(44/81), 69.8% (74/106), and 63.1% (118/187), respec-
tively. While the CEA ratio was used to judge the prog-
nosis, the sensitivity, specificity, and accuracy could reach

70.4% (57/81), 57.5% (61/106), and 63.1% (118/187),
respectively. We also compared the CEA ratio survival
curves based on the postoperative CEA level and found
that the CEA ratio influenced the DFS and CSS in the
postoperative CEA level (<5 ng/mL) group (Figure 4A,C),
but no in postoperative CEA level group (=5 ng/mL)
group (Figure 4B,D).

Kaplan—Meier curve for the CEA ratio in

each TNM stage

In the TNM 1 stage and TNM IV stage, no significant
difference in survival curve was observed (no show). In
the TNM II stage, patients with a high CEA ratio had
significantly poorer DFS (p=0.012), compared to patients
with low CEA ratio, the survival rates among patients with
high or low CEA ratio were 57.7% and 84.8%, respec-
tively (Figure 5A); while patients with a high CEA ratio
had not significantly poorer CSS (p=0.054), compared to
patients with low CEA ratio, the survival rates among
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Table 1 Comparison of baseline clinicopathological characteristics based on CEA ratio

Feature Case CEA ratio 7 P
Low(85) High(102)

Gender 0.504 0.478
Male 113(60.4%) 49(57.6%) 64(62.7%)
Female 74(39.6%) 36(42.4%) 38(37.3%)

Age (Year) 0315 0.575
<60 97(51.9%) 46(54.1%) 51(50.0%)
260 90(48.1%) 39(45.9%) 51(50.0%)

pT stage 1.354 0.244
TI-2 35(18.7%) 19(22.4%) 16(15.7%)
T3-4 152(81.3%) 66(77.6%) 86(84.3%)

pN stage 11.390 0.003
NO 89(48.0%) 47(55.3%) 42(41.2%)
NI 66(35.3%) 32(37.7%) 34(33.3%)
N2 32(16.7%) 6(7.0%) 26(35.5%)

Metastasis 0.703 0.402
No 163(87.2%) 76(89.4%) 87(85.3%)
Yes 24(12.8%) 9(10.6%) 15(14.7%)

Tumor location 1.320 0.251
Rectal 97(51.9%) 48(56.5%) 49(48.0%)
Colon 90(48.1%) 37(43.5%) 53(52.0%)

Perineural/Vascular invasion 0.234 0.628
Negative 146(78.1%) 65(76.5%) 81(79.4%)
Positive 41(21.9%) 20(23.5%) 21(20.6%)

Pathological type 3.858 0.145
Protrude type 33(17.6%) 18(21.2%) 15(14.7%)
Infiltrating type 20(10.7%) 12(14.1%) 8(7.8%)
Ulcerative type 134(71.7%) 55(65.7%) 79(77.5%)

Differentiation 0.987 0.320
Poor 20(10.7%) 7(8.2%) 13(12.7%)
Medium/High 167(89.3%) 78(91.8%) 89(87.3%)

Operation method 0.071 0.789
Open 90(48.1%) 40(47.1%) 50(49.0%)
laparoscopic 97(51.9%) 45(52.9%) 52(51.0%)

Chemoradiotherapy 1.585 0.208
No 73(39.0%) 29(34.1%) 44(43.1%)
Yes 114(61.0%) 56(65.9%) 58(56.9%)

Postoperative CEA 27.523 <0.001
<5 111(59.4%) 68(80.0%) 43(42.2%)
25 76(40.6%) 17(20.0%) 59(57.8%)

Abbreviations: CEA. carcinoembryonic antigen; CEA ratio, postoperative blood serum CEA level / Preoperative blood serum CEA level; CRC, colorectal cancer; pT stage:
pathological Tumor stage; pN stage: pathological Node stage.
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Figure 2 Time-dependent receiver operating characteristic (ROC) curve of CEA
ratio in CRC patients with high preoperative serum CEA.

patients with high or low CEA ratio were 65.4% and
84.8%, respectively (Figure 5D). In the TNM III stage,
high CEA ratio patients also had significantly poorer DFS
(»=0.014) and CSS (p=0.011), compared to patients with
low CEA ratio, the survival rates among those patients
with high or low CEA ratio were 41.8%, 49.1% and
67.7%, 77.4%, respectively (Figure 5B,E). Among all
TNM stages, high CEA ratio patients had significantly
poorer DFS (p<0.001) and CSS (p<0.001) than low CEA
ratio patients, the survival rates of patients with high or
low CEA ratio were 44.1%, 50.0% and 71.8%, 76.5%,
respectively (Figure 5C,F).

Comparison of the optimal CEA ratio

cutoff value

To determine the optimal CEA ratio cutoff value for the
prognosis of CRC patients with high preoperative serum
CEA levels, we assessed cutoff values of 0.1, 0.295, 0.5,
and 1. Those cutoffs were compared for their sensitivities,
specificities, and accuracies. We found that a cutoff value
of 0.1 had the highest sensitivity, but low specificity and
accuracy. Cutoff values of 0.5 and 1 had high specificities
and accuracies, but low sensitivities. Thus, a cutoff of
0.295 was also assessed and exhibited high sensitivity,
specificity, and accuracy. Furthermore, we compared the
effects of different cutoff values on survival curve at each
TNM stage. We found that a cutoff value of 0.1 failed to

reach statistical significance in any stage. The cutoff value
of 0.5 was significant in stage II of DFS and was signifi-
cant in stage II and stage III of CSS. The cutoff value of 1
was significant in Stages III of DFS and CSS (Table 3).

Development of the nomogram

Two nomograms were employed to evaluate the relationship
between CEA ratio and medical rank in CRC (Figure 6).
After adjustment with the Cox proportional hazards model,
only CEA ratio, N stage, and metastasis were entered the risk
model. The points against each factor could be counted, and
the DFS and CSS of 1-5 years can also be predicted.

Discussion

The serum CEA level is one of the most commonly used
serum tests to evaluate the prognosis of CRC patients.®
However, serum CEA is not specific to the diagnosis of color-
ectal tumors. Only about 40-50% of the CRC patients have
positive serum CEA levels before surgery.”’ %% In addition, the
CEA levels of patients with long-term smoking habits, cardi-
ovascular disease, gynecological disease, and other diseases
are also frequently elevated.”*** Thus, the base level of pre-
operative CEA secreted by each CRC patient is different and
not all patients with high preoperative CEA levels have a poor
prognosis. To further reflect the prognosis of patients with high
preoperative CEA levels, we introduced the CEA ratio factor
because it covers preoperative and postoperative serum CEA
levels. Thus, the difference in individual CEA concentrations
can be corrected. We also studied the prognostic value of the
CEA ratio in normal preoperative CEA patients but found that
CEA ratio was only applicable to high preoperative CEA
patients, which is consistent with previous research.>> This
finding may be due to the fact that not all colorectal tumors
secrete high levels of CEA, and may also secrete other tumor
markers such as CA199, CA724, CA125. High preoperative
CEA CRC can be considered as a high-CEA secretion type, of
which the changes in CEA level can reflect the degree of
residual tumor cells in the body. If the surgical removal of
the tumor is complete, there is no source of CEA production
and the CEA ratio decreases with its metabolic clearance rate.
However, if residual tumor cells remain following surgery, the
CEA ratio will not normalize.**® For normal preoperative
CEA patients, the ratio of other tumor markers may be more
accurate than the CEA ratio.

Multiple previous studies demonstrated that preopera-
tive and postoperative CEA levels influence predictions of
of CRC patients surgery.
However, the independent risk factors for prognosis

the prognosis following
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CEA ratio(DFS) CEA ratio(CSS)

A Hp>0.05 4p<0.05 Low High HR(95%CI) B Hp>0.05 #p<0.05 Low High HR(95%Cl)
Gender male] 1———1 49 64  2.550(1.249-5.204) Gender maled —e——— 49 64  2.636(1.229-5.625)
Femaled w——— 36 38 1.928(0.790-4.701) Female i—l———i 36 38 2.419(0.861-6.793)
Age(Years)<60 —4——1 46 51 2.482(1.141-5.399) Age(Years)<60- | 46 51  3.363(1.339-8.447)
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Figure 3 Subgroup multivariate analysis of CEA ratio on each baseline feature in DFS (A), CSS (B).
Abbreviations: DFS, disease-free survival; CSS, cancer-special survival.
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Figure 4 Comparison of the CEA ratio survival curves based on postoperative CEA level.

Notes: (A) Kaplan—Meier curves of DFS in low postoperative CEA level patients. (B) Kaplan—Meier curves of DFS in high postoperative CEA level patients. (C) Kaplan—Meier
curves of CSS in low postoperative CEA level patients. (D) Kaplan—Meier curves of CSS in high postoperative CEA level patients.

Abbreviations: DFS, disease-free survival; CSS, cancer-special survival.

remain controversial.* '%?°3! In this study, we found that was an independent prognostic factor for DFS and CSS.
the CEA ratio and postoperative CEA levels were both ~ We believe that the CEA ratio can dynamically show CEA
associated with prognosis; however, only the CEA ratio  changes in patients undergoing surgery and demonstrate
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Figure 5 Comparisons of Kaplan—Meier curves of DFS and CSS between two groups (High CEA ratio; Low CEA ratio) in each TNM stage.

Notes: (A) Kaplan—Meier curves of DFS in TNM Il stage patients. (B) Kaplan—Meier curves of DFS in TNM Il stage patients. (C) Kaplan—Meier curves of DFS in all TNM
stages patients. (D) Kaplan—Meier curves of CSS in TNM Il stage patients. (E) Kaplan—Meier curves of CSS in TNM lll stage patients. (F) Kaplan—Meier curves of CSS in all

TNM stage patients.
Abbreviations: DFS, disease-free survival; CSS, cancer-special survival.

Table 3 Comparison of cutoff values of CEA ratio

Cutoff value Disease-free survival Cancer-special survival
sensitivity specificity accuracy TNM stage sensitivity specificity accuracy TNM stage
0.100 93.83% 15.09% 49.20% none 94.37% 14.66% 44.92% none
0.295 70.37% 57.55% 63.10% 1L 71.83% 56.03% 62.03% n
0.500 44.44% 84.91% 67.38% I 47.89% 84.48% 70.59% 1L
1.000 20.99% 96.23% 63.64% n 23.94% 96.55% 68.98% 1]

Abbreviations: CEA, carcinoembryonic antigen; CEA ratio,

disease prognosis more accurately than preoperative and
postoperative serum CEA levels. We also compared the
CEA ratio to postoperative CEA levels in CRC patients
with high preoperative CEA levels. In 40.6% of the
patients, postoperative CEA levels did not return to nor-
mal, which was mainly observed in late tumor stages. In
59.4% of the patients, postoperative CEA levels decreased
to normal, which was mainly observed in early tumor
stages. The CEA ratio could improve predictive prognosis
efficiency than postoperative CEA levels in terms of sen-
sitivity, specificity, and accuracy. We further found that
CEA ratio also can be used as a prognostic indicator for
patients with normal postoperative CEA by Kaplan—Meier
survival

curve and subgroup multivariate analysis.

postoperative blood serum CEA level/Preoperative blood serum CEA level.

Although monitoring postoperative CEA levels can aid
prognosis to some extent, the CEA ratio can furtherly
find some poor prognosis patients whose postoperative
CEA levels had been decreased to normal.

Studies calculated the CEA half-life at 37 days.>’*2>* It
is generally thought that tumor markers in blood require
more than 5-6 half-lives before they are eliminated, and
thus, if surgical resection is successful, high levels of CEA
should return to normal within 2—4 weeks after surgery.'®*>
Therefore, peripheral blood samples for postoperative serum
CEA assessments were obtained on or after the 30th day
following surgery in this study.

TNM stage is considered to be the best predictor of prog-
nosis in CRC, but prognosis at the same stage is often different,
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Figure 6 Development of the nomogram.
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Notes: The nomogram can provide individual patients with a probability of 1-5 years disease-free survival (A) and cancer-special survival (B) based on the sum of the scores

for each variable predicted at the bottom scale.
Abbreviations: DFS, disease-free survival; CSS, cancer-special survival.

suggesting that different factors must be assessed to predict
prognosis.>® We compared the survival curves of CEA ratios at
each TNM stage. High CEA ratio patients demonstrated sig-
nificantly poorer prognosis in the TNM II Stage, TNM III
Stage, and all TNM Stage. Those results suggest that the
CEA ratio can be used as a supplement to TNM stage.
Although there is no recognized optimal critical value
for the CEA ratio, Beastall et al hypothesized that com-
pared to the level of tumor markers before treatment,
>50% was ineffective, 10-50% was improved, and <10%
was effective. Reductions to the reference range were
considered significant.’” However, recent studies also sug-
gested that the optimal cutoff value for the CEA ratio was
0.5 or 1 for the prognosis of postoperative patients with
CRC.”' In this study, we assessed the CEA ratio cutoffs
of 0.1, 0.352, 0.5, and 1. Those values were compared for
their sensitivities, specificities, and accuracies. The higher
cutoff points such as 0.5 and 1 have higher specificity and
accuracy, but lower sensitivity, and the lower cutoff points
such as 0.1 have higher sensitivity, but lower specificity
and accuracy, while the cutoff points of 0.295 have a more
appropriate sensitivity, specificity, and accuracy. In com-
paring the survival curves of different cutoff values at each
TNM stage, we found using the lower cutoff points such as
0.295, 0.5 may predict the prognosis of early stage cancer.
We also constructed two nomograms, showing that the
contribution of T stage and metastasis was increased with
advancing stage, and the CEA ratio also contributes signifi-
cantly to the time-dependent survival percentage. Comparing
these risk-related factors, the effects of N stage and metas-
tasis are greater than the CEA ratio. By applying this model,
we could forecast the time-related survival percentage.
Patients with lower total number of points have a much better

survival rate than those with higher total number of points.

There are several limitations in our research. This retro-
spective study is a single cohort study that is based on the
limited data available now. Therefore, it is necessary to expand
the sample from self-validation in the future or further validate
our point of view through horizontal multi-center data.

Conclusion

The CEA ratio is a simple and useful tool for further
forecasting prognosis of CRC patients with high preopera-
tive CEA levels and may help develop strategies for the
postoperative treatment of CRC patients.
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