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Abstract: Many studies have reported the prognostic value of pre-

treatment serum carcinoembryonic antigen (pre-CEA) levels on color-

ectal cancer outcomes. However, controversy remains concerning the

significance of pre-CEA levels in patients with rectal cancer treated with

neoadjuvant chemoradiotherapy (CRT). Our aim in this study was to

investigate the prognostic role of the pre-CEA level in patients with

locally advanced rectal cancer undergoing neoadjuvant CRT followed

by total mesorectal excision (TME).

A total of 419 patients with stages II and III rectal cancer treated

with neoadjuvant CRT followed by TME with available pre-CEA data

were included. The outcomes studied were 5-year local recurrence-free

survival (LRFS), distant metastasis-free survival (DMFS), and disease-

free survival (DFS). Optimal pre-CEA cutoff values to predict DMFS

were determined based on current smoking history.

The median pre-CEA level of smokers was 3.8 ng/mL, and that of

nonsmokers was 2.8 ng/mL (P< 0.01). Pre-CEA levels of 6.6 ng/mL for

nonsmokers and 11.4 ng/mL for smokers were determined to best

separate patients on the basis of time to distant metastasis by using

log-rank statistics. The pre-CEA level was associated with DMFS

(hazard ratio¼ 1.743, 95% confidence interval¼ 1.129–2.690,

P¼ 0.01). The pre-CEA level was not associated with LRFS or

DFS.The pre-CEA level appears to be a significant preoperative prog-

nostic factor. Moreover, it is as valuable as any known pathologic factor.

Future studies evaluating oncologic outcomes should take into con-

sideration the pre-CEA level.

(Medicine 94(31):e1291)

Abbreviations: CEA = carcinoembryonic antigen, CRM =

circumferential resection margin, CRT = chemoradiotherapy, CT
ok Kim, MD, PhD, and Young Jin Kim, MD, PhD

complete response, TME = total mesorectal excision, TRG = tumor

regression grade.

INTRODUCTION

P reoperative chemoradiotherapy (CRT)1–3 and total mesor-
ectal excision (TME)4,5 are widely accepted as the treat-

ment of choice for locally advanced distal rectal cancer, and this
multidisciplinary approach has dramatically improved local
control from an unacceptable local recurrence rate of 25% to
40% to <10%.1,2,4–6 However, 25% to 40% of patients still die
of metastatic disease.2,3,7,8 Although survival depends primarily
on distant metastasis, the treatment of advanced rectal cancer
has focused on reducing local recurrence. Even neoadjuvant
chemotherapy is intended as a radiosensitizer to reduce local
recurrence rather than prevent systemic metastasis.

Therefore, to improve the survival of patients with
advanced rectal cancer, reduction of distant metastasis is
needed. An accurate predictor of distant metastasis could
greatly benefit to select high-risk patients, especially before
treatment initiation. The Union for International Cancer Control
tumor–node–metastasis (TNM) classification is regarded as the
best predictor of oncologic outcome. In addition to TNM
staging, the College of American Pathologists identified 4
classes of colorectal prognostic markers; class I includes blood
and lymphatic vessel invasion, residual tumor, and preoperative
serum carcinoembryonic antigen (pre-CEA) level.9 Of these
markers, reappraising the prognostic role of pre-CEA in rectal
cancer treated with neoadjuvant CRT is important for several
reasons. First, serum CEA is the only marker that yields
presurgical information. Second, accurately assessing the ana-
tomical extent of rectal cancer at the time of diagnosis is
currently limited because of imprecise imaging tools,10,11 in
particular, the assessment of nodal stage, the strongest predictor
of outcome,11 is challenging. Finally, even the postneoadjuvant
CRT pathologic stage (yp stage) cannot represent the initial
metastatic burden because of variable downstaging, and sub-
sequently, cannot provide differentiated adjuvant treatment
strategies. The National Comprehensive Cancer Network
guidelines suggest that adjuvant chemotherapy be administered
for all patients treated with neoadjuvant CRT, regardless of
pathologic stage, even following an apparent complete
response.12

Several studies have shown that elevated pre-CEA was an
independent poor prognostic factor in colorectal cancer.13–17
ge study suggested that CEA level (C-
he conventional TNM staging of colon
ere are substantial clinical barriers to
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evaluating CEA as a prognostic factor, including the variable
definition of elevated CEA, heterogeneous study cohorts, and
factors associated with elevated CEA, such as other neoplastic
and nonneoplastic conditions.19–21 Therefore, in this study, we
determined pre-CEA cutoff values and evaluated the efficacy of
pre-CEA as a predictive factor for distant metastasis in patients
treated with neoadjuvant CRT.

METHODS

Patients
Between February 2005 and December 2012, 419 con-

secutive patients who received neoadjuvant CRT for locally
advanced (radiologic T3-T4 or Nþ and/or clinically bulky) mid-
to-low rectal cancer were included in this prospective study.
Only patients who completed full-course neoadjuvant CRTwere
included. Exclusion criteria included local excision after neoad-
juvant CRT, unavailable pre-CEA values, concurrent inflam-
matory bowel disease, hereditary colorectal cancer syndromes,
other malignancy, and newly developed distant metastasis
during neoadjuvant CRT. The smokers group was defined as
patients who smoked at the time of rectal cancer diagnosis. The
nonsmokers group included both ex-smokers (n¼ 40), who had
stopped smoking at least 6 months previously (n¼ 37) or before
the diagnosis of rectal cancer (n¼ 3), and patients who had
never smoked. Two patients who had stopped smoking after the
diagnosis of rectal cancer were included in the current smoker
group. This study was performed with approval of the institu-
tional review board of Chonnam National University Hwasun
Hospital, Gwangju, South Korea.

Staging and Treatment

Kim et al
Staging: The preoperative clinical stage of most patients
(396, 94.5%) was determined by rectal magnetic resonance
image (MRI). Abdominopelvic computed scan (CT) and

FIGURE 1. Cutoff value of pre-CEA. Nonsmoker group were ranked a
distant metastasis-free survival was determined with pre-CEA level¼6.
(B). pre-CEA¼pretreatment serum carcinoembryonic antigen.
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endorectal ultrasound were used for staging in 16 (3.8%) and
7 (1.7%) patients, respectively.

Neoadjuvant CRT: All patients received 5-fluorouracil (5-
FU)-based chemotherapy with concomitant external beam radi-
ation using a 4-field box technique preoperatively. During
weeks 1 and 5 of radiotherapy, 5-FU (425 mg/m2/d) and leu-
covorin (20 mg/m2/d) were administered intravenously.

Surgery: At 6 to 8 weeks following completion of neoad-
juvant CRT, surgery was performed based on the same onco-
logic policy among surgeons.22

Postoperative adjuvant chemotherapy: After recovery
from surgery, all patients who underwent radical surgery were
considered for postoperative chemotherapy.

Pathology and Follow-Up
All resected specimens were examined by 2 gastrointes-

tinal pathologists, and tumor regression induced by neoadjuvant
CRT was defined as the ratio of fibrosis to residual viable tumor.
The detailed tumor regression grade (TRG) scores were: TRG1
(<25% fibrosis), TRG2 (25%–50% fibrosis), TRG3 (50%–
75% fibrosis), and TRG4 (>75% fibrosis). Pathologic complete
response (pCR) was defined as the absence of viable tumor cells
with no lymph node involvement.23,24 Patients underwent stan-
dardized follow-up at 3-month intervals for 2 years and 6-month
intervals thereafter for a total of 5 years. Follow-up included
physical examination, complete blood count, blood chemistry
tests, and serum CEA assay. Distant metastasis was detected by
abdominopelvic and chest CTs. Neither rectal MRI nor positron
emission tomography/CT scan was used routinely.

Statistical Analysis
The x2 test or Fisher exact test was used to analyze
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categorical variables, and Student t test and the Wilcoxon
rank-sum test were used for continuous variables. Univariable
analysis was performed to evaluate the prognostic impact of

ccording to increased pre-CEA level and a maximum difference in
6 ng/mL in nonsmoker group (A) and 11.4 ng/mL in smoker group
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TABLE 1. Clinical and Pathologic Characteristics According to Preoperative Level of Cancinoembryonic Antigen

Variable Pre-CEA (Low) (n¼ 356) Pre-CEA (High) (n¼ 63) P

Age, y 62.3� 0.6 61.1� 1.6 0.45
Gender, n (%) 0.41

Male 264 (74.2) 43 (68.3)
Female 92 (25.8) 20 (31.7)

Body mass index, kg/m2 23.2� 0.2 22.7� 0.4 0.26
ASA class, n (%) 0.03

1 86 (24.2) 23 (36.5)
2 250 (70.2) 34 (54.0)
3 20 (5.6) 6 (9.5)

Smoking history, n (%) 0.47
Yes 78 (21.9) 17 (27.0)
No 278 (78.1) 46 (73.0)

Tumor location from anal verge 4.9� 0.1 5.3� 0.4 0.36
Clinical TNM stage, n (%) 0.51

I 17 (4.8) 2 (3.2)
II 93 (26.1) 13 (20.6)
III 246 (69.1) 48 (76.2)

Pathologic TNM stage, n (%) <0.001
0–I 147 (41.3) 10 (15.9)
II 128 (35.9) 24 (38.1)
III 81 (22.8) 29 (46.0)

CEA before neoadjuvant treatment, ng/mL 2.9� 0.1 30.1� 5.1 <0.001
Tumor size, cm 2.9� 0.1 3.6� 0.2 0.01
Histologic differentiation, n (%) .82

WD 137 (38.5) 22 (34.9)
MD 191 (53.7) 36 (57.1)
PD 28 (7.8) 5 (8.0)

Lymphovascular invasion, n (%) .01
Yes 19 (5.3) 9 (14.3)
No 337 (94.7) 54 (85.7)

Perineural invasion, n (%) <0.001
Yes 79 (22.2) 29 (46.0)
No 227 (77.8) 34 (54.0)

TRG, n (%) 0.04
<50% 96 (27.0) 26 (41.3)
�50% 215 (60.4) 33 (52.4)
pCR 45 (12.6) 4 (6.3)

Surgery type, n (%) 0.19
SPS 331 (87.9) 51 (81.0)
SSS 43 (12.1) 12 (19.0)

ASA¼American Society of Anesthesiologists, CEA¼ carcinoembryonic antigen, MD¼moderately differentiated, pCR¼pathologic complete
inoe
essi
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pre-CEA level on the local recurrence-free survival (LRFS),
distant metastasis-free survival (DMFS), and disease-free sur-
vival (DFS). The maximal x2 method was adapted to determine
which pre-CEA value best separated patients into poor- and
good-prognosis subgroup (in terms of the likelihood of surviv-
ing), and the log-rank test was used to measure the power of the
grouping. The R MaxStat package (R Foundation for Statistical
Computing, Vienna, Austria) was used for this analysis.25

Analysis according to smoking status was performed. The
Kaplan–Meier method was used to establish the effects of each
variable, and log-rank tests were used to compare survival

response, PD¼ poorly differentiated, pre-CEA¼pretreatment serum carc
sacrificing surgery, TNM¼ tumor–node–metastasis, TRG¼ tumor regr
curves. Multivariate analyses of survival were conducted using
Cox proportional hazards models. Significant variables in uni-
variate analysis (P< 0.1) were entered into regression models

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
with increasing complexity, and significance was assessed using
analysis of variance analysis. The performance of predictive
models was compared by the likelihood-ratio test, using the
‘‘coxph’’ and ‘‘anova’’ functions, which are included in the R
‘‘survival’’ package. Results with a P value< 0.05 were con-
sidered significant. Statistical analysis was performed using R
statistical software, version 3.1.1.

RESULTS

Patient Characteristics and Association Between

mbryonic antigen, SPS¼ sphincter preserving surgery, SSS¼ sphincter
on grade, WD¼well differentiated.
Pre-CEA Level and Clinicopathologic Factors
Of 419 patients, 307 (73.3%) were men. The mean age was

64.1 years (range, 27–87 years). A total of 364 (86.9%) patients

www.md-journal.com | 3



factor added significant prognostic information for the predic-

Kim et al
underwent anterior resection, 51 (12.2%) underwent abdomi-
noperineal resection, and 4 (0.9%) underwent Hartmann pro-
cedure. The median pre-CEA level was 3.0 ng/mL (interquartile
range, 1.9–4.9 ng/mL). The median pre-CEA level of smokers
was 3.8 ng/mL, and that of nonsmokers was 2.8 ng/mL
(P< .01). The pre-CEA levels of 6.6 ng/mL for nonsmokers
and 11.4 ng/mL for smokers were determined to best separate
patients on the basis of time to distant metastasis (Figure 1).
Based on these cutoff values, 46 (12.2%) nonsmokers and 17
(17.9%) smokers were classified as the high-CEA group.
Clinical and pathologic features according to pre-CEA level
are shown in Table 1. Patients in the high-CEA group were
significantly more likely to have a more aggressive pathologic
stage and poor prognosis. Higher pathologic tumor stage, larger
pathologic tumor size, lymphovascular invasion, and perineural
invasion were significantly higher in the high-CEA group than

FIGURE 2. Distant metastasis-free survival according to pre-CEA
level. pre-CEA¼pretreatment serum carcinoembryonic antigen.
in the low-CEA group. Moreover, poor radiation response (TRG

1þ2) was significantly more frequent in the high-CEA group
than in the low-CEA group.

Survival
In total, 368 surviving patients underwent follow-up for a

median 42.2 months (interquartile range, 27.6–55.5 months).
Thirty-nine (9.3%) patients had local recurrence. Twenty-nine
had local recurrence alone, and 10 had synchronous distant
metastasis. Distant metastasis occurred in 109 (26.0%) patients,
primarily involving the lung (61.5%) and liver (34.8%).

The pre-CEA was not a prognostic factor for 5-year LRFS,
but was significantly associated with 5-year DMFS (Figure 2).
Indeed, the cumulative incidence of distant metastasis was
21.9% and 49.2% in the low and high pre-CEA groups, respect-
ively (P< 0.01). We also examined the prognostic significance
of other potential clinicopathologic factors (Table 2). The 5-
year LRFS correlated with lymphovascular invasion, perineural

invasion, TRG, ypT, ypN, and circumferential resection margin
(CRM). The 5-year DMFS was associated with lower tumor
border from the anal verge >7 cm, cT, cN, lymphovascular

4 | www.md-journal.com
invasion, perineural invasion, ypT, ypN, CRM, and TRG.
Similar results were obtained for DFS, with the exception of
tumor location from the anal verge, which lacked prognostic
significance.

Significant factors in univariate analysis were included in
multivariate analysis (Table 3). Perineural invasion was the
only prognostic factor associated with all outcomes (LRFS,
DMFS, and DFS). In addition to perineural invasion, indepen-
dent prognostic factors associated with DMFS included pre-
CEA level, ypN, and ypT. In multivariate analysis, no other
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tion of distant metastasis already considering perineural inva-
sion, ypT, ypN, and pre-CEA level.

DISCUSSION
The cumulative distant metastasis rate of rectal cancer with

neoadjuvant CRT, followed by TME, has been reported as 25%
to 40%.2,3,7,8 In our study, the major treatment failure was
distant metastasis (26.0%) rather than local recurrence (9.3%),
with isolated local recurrence (6.9%). These results question the
current indiscriminate treatment strategy. Early systemic che-
motherapy with newer biological agents is more likely to
improve rates of distant metastasis and survival. Therefore, it
is crucial to select high-risk patients who are more likely to
experience systemic relapse and benefit from this treatment. In
1978, Wanebo et al14 reported an inverse linear relationship
between serum CEA and estimated mean time to relapse in
Duke B and C colorectal cancer. Since then, many studies have
reported the prognostic value of pre-CEA on colorectal cancer
outcomes.13,15–18,26,27

When analyzing the prognostic role of pre-CEA in rectal
cancer treated with neoadjuvant CRT, however, there has been
controversy concerning the significance of elevated CEA level
associated with low DFS.15,28–32 The inconsistent results could
be explained by different cutoff values of pre-CEA levels. All of
these studies used arbitrarily defined cutoff values of 2.5 to
10 ng/mL. No value was based directly on oncologic outcome.
In contrast, we evaluated the prognostic significance of deter-
mined cutoff values that could define a subgroup with the
greatest survival difference by using a maximal x2 method.
In addition to the receiver operating characteristic, which
assumes that all observations have occurred when the test is
performed, maximally selected rank statistics allow for the
evaluation of cutpoints with respect to a survival response.
To our knowledge, this is the first study to use this method to
determine the cutoff value of the pre-CEA level. Furthermore,
most of the studies evaluated the correlation between pre-CEA
and DFS and did not evaluate local or distant recurrence
separately. In this study, pre-CEA level was only significantly
associated with distant metastasis and not local recurrence,
which is verified by previous studies.27,29 Park et al27 showed
that although perioperative CEA was a significant prognostic
indicator for systemic recurrence, it was unable to predict
locoregional recurrence in either stage II or III patients. Sim-
ilarly, Wang et al29 showed that the predictive value of pre-CEA
on distant metastasis was more prominent in early systemic
metastasis (within 6 months after surgery).

Another unique aspect to our study is the suggestion that
current smoking history be considered in the evaluation of the
clinical application of serum CEA. In the present study, the

median pre-CEA level was significantly different according to
smoking status. Using our calculated cutoff values of CEA for
smokers and nonsmokers, the proportion of nonsmokers

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 2. Univariate Analysis of Predictors on the Percentage of 5-Year Local Recurrence, Distant Metastasis, and Disease-Free
Survival

n 5-y LRFS P 5-y DMFS P 5-y DFS P

Total 419 89.5 69.7 62.5
Age, y 0.47 0.74 0.38
<65 227 88.4 69.7 60.9
�65 192 91.2 68.9 63.6

Gender 0.87 0.16 0.44
Male 307 89.4 70.6 62.6
Female 112 89.9 67.4 62.6

Body mass index, kg/m2 0.53 0.54 0.31
<25 321 89.0 68.4 60.6
�25 98 91.2 73.3 68.2

Tumor location from anal verge, cm 0.09 0.02 0.26
<7 298 87.9 72.7 64.0
�7 121 92.9 63.5 59.4

Preoperative T category 0.05 0.01 0.01
cT2 36 90.5 73.2 66.9
cT3 359 90.2 70.5 63.6
cT4 24 77.4 56.6 41.9

Preoperative N category 0.32 0.02 0.01
cN� 125 91.7 79.6 73.4
cNþ 162 88.5 65.3 57.7

CEA before neoadjuvant treatment, ng/mL 0.27 <0.001 <0.001
Low 356 90.3 75.5 67.6
High 63 85.7 42.7 38.3

Histologic differentiation 0.19 0.84 0.68
WD þ MD 386 90.3 70.7 64.0
PD 33 80.9 66.5 54.1

Lymphovascular invasion 0.01 0.01 <0.001
Yes 28 72.3 31.0 19.9
No 391 90.7 72.1 65.9

Perineural invasion <0.001 <0.001 <0.001
Yes 108 75.5 43.3 30.0
No 311 93.9 77.6 72.8

TRG 0.01 0.01 <0.001
<50% 122 81.4 64.4 52.4
�50% 248 91.2 69.1 62.7
pCR 49 100.0 89.2 89.2

ypT category 0.01 <0.001 <0.001
ypT0 46 100.0 93.1 93.1
ypT1 36 100.0 91.2 91.2
ypT2 94 89.7 77.8 69.2
ypT3 221 86.2 62.0 53.0
ypT4 22 78.4 25.3 18.0

ypN category 0.01 <0.001 <0.001
ypN0 307 92.2 77.6 71.5
ypN1 86 81.8 51.4 41.5
ypN2 26 83.9 39.2 28.8

CRM 0.01 0.01 <0.001
Negative 389 90.7 71.0 64.3
positive 30 74.3 52.3 38.5

CEA¼ carcinoembryonic antigen, CRM¼ circumferential resection margin, DFS¼ disease-free survival, DMFS¼ distant metastasis-free survi-
tiat
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(14.2%) and smokers (17.9%) in the high-risk group was similar

val, LRFS¼ local recurrence-free survival, MD¼moderately differen
TRG¼ tumor regression grade, WD¼well differentiated.
(P¼ 0.47). However, if the same cutoff value is used for
smokers and nonsmokers (ie, using the 6.6 ng/mL value of
the nonsmoking group), the proportion of high-risk patients

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
in the smoking group would d increase to 34.3%, and is

ed, pCR¼ pathologic complete response, PD¼ poorly differentiated,
significantly different from nonsmoker group (P¼ 0.02).
We believe that prognostic effect of pre-CEA levels

evaluated herein should be considered in future studies. First,
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TABLE 3. Multivariate Analysis of Different Covariables on 5-Year Local Recurrence Free-Survival, Distant Metastasis Free-Survival,
and Disease Free-Survival After Preoperative CRT

LRFS DMFS DFS

Variable (Reference) HR 95% CI P HR 95% CI P HR 95% CI P

CEA (low vs high) – – – 1.743 1.129–2.690 0.01 – – –
yp N category (N0 vs Nþ) 1.688 0.859–3.314 0.12 1.867 1.246–2.797 0.01 1.863 1.292–2.687 <0.001
yp T category (T0–2 vs T3–4) – – – 1.863 1.119–3.102 0.01 1.579 0.994–2.509 0.05
Perineural invasion (negative vs positive) 2.501 1.254–4.984 0.01 1.829 1.207–2.773 0.01 1.911 1.307–2.790 <0.001
Lymphovascular invasion (negative vs positive) – – – – – – 1.711 1.040–2.816 0.03
TRG (<50% vs �50%) 0.456 0.255–0.815 0.01 – – – 1.302 0.562–1.048 0.09
CRM (positive vs negative) 0.509 0.217–1.190 0.11 – – – 1.581 0.375–1.065 0.08
Tumor location (<7 cm vs �7 cm) 0.403 0.176–0.919 0.03 – – – – – –

CEA¼ carcinoembryonic antigen, CRM¼ circumferential resection margin, DFS¼ disease-free survival, DMFS¼ distant metastasis-free survi-
ade.
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according to the pre-CEA level, a more selective approach to
neoadjuvant CRT should be considered for patients who are at a
low risk of local recurrence, and systemic chemotherapy should
be initiated as soon as possible.33,34 Williamson et al34 reported
that the role of current neoadjuvant therapy could be diminished
by performing surgery for highly selective patients. They
selectively administered neoadjuvant CRT for rectal cancer
with predicted CRM involvement by MRI precluding R0
resection and for extensive nodal disease (at least N2). Surpris-
ingly, the 5-year local recurrence rate was 6.5% in the neoad-
juvant CRT group and nil in the surgery-alone group
(P¼ 0.04).34 Based on this result, it is thought that earlier
systemic treatment is more likely to improve DMFS in this
specific clinical setting. Second, although there remains no
consensus about effective neoadjuvant and adjuvant chemother-
apy regimens to reduce distant metastasis, the pre-CEA level
could be used as an important stratification factor. A more
detailed stratification of a patient cohort based on this study
could be incorporated into a clinical study designed to test the
efficacy of more intensive neoadjuvant and adjuvant che-
motherapy. Finally, we believe that our results could provide
important insights for the development of promising CEA-
targeted treatment.35

There are some limitations to our study. The relatively
small sample size and the relatively short follow-up (median
42.2 months) are potential limitations that might explain lack
of results within certain subgroups. For example, we could not
clearly discern the prognostic effect in patients with pCR.
Patients with pCR and patients with low pre-CEA highly
overlapped (45 of 49 patients with pCR were in the low
CEA group), supporting previous reports that the pre-CEA
level is a predictive factor for complete tumor response.31,36

Another limitation is that certain clinical factors, including
tethered or fixed tumor, circumferential lesion, and near
obstruction, were not evaluated in this study. Finally, although
the physical examination remains an important factor in the
treatment of locally advanced rectal cancer,32 significant inter-
observer variation and absence of physical examination
records in some cases hindered a full consideration of this
factor

val, LRFS¼ local recurrence-free survival, TRG¼ tumor regression gr
In summary, the pre-CEA level is a unique factor that
could predict distant metastasis before initiating any treatment,
and moreover, could predict the response of neoadjuvant CRT
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in rectal cancer to some extent. Based on the observation made
in this study, we recommend routine pre-CEA testing for all
locally advanced rectal cancer patients. In addition, the cutoff
value of pre-CEA should take into consideration the current
smoking history of patients. The pre-CEA level appears to be a
significant preoperative prognostic factor with a predictive role
that is as valuable as any known pathologic factor. Future
studies should consider pre-CEA when evaluating oncologic
outcomes.
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