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Association of pretreatment serum carcinoembryonic antigen
levels with chemoradiation-induced downstaging
and downsizing of rectal cancer
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Abstract. The aim of this study was to identify pretreatment
clinical parameters associated with preoperative chemoradiotherapy (CRT)‑induced downstaging and downsizing of
locally advanced rectal cancer (LARC T3‑4 or N+). Data from
51 LARC patients, who received preoperative CRT and radical
surgery between 2010 and 2013, were retrospectively analyzed.
Rectal adenocarcinoma was histologically confirmed in all
patients, who ranged in age between 41 and 81 years (median,
64 years). CRT consisted of 50.4 Gy pelvic radiotherapy with
concurrent chemotherapy using 5‑fluorouracil and leucovorin.
After a median interval of 7 weeks post‑CRT, the patients
underwent total mesorectal excision. Downstaging was
defined as the transition from cStage II‑III to ypStage 0‑I.
The longest tumor diameter was measured pre- and post‑CRT
using computed tomography or magnetic resonance imaging,
and based on the surgical specimen, respectively. Downstaging
was observed in 16 (31.4%) patients, including 5 (9.8%) with a
pathological complete response. The median downsizing rate
was 60%. The serum carcinoembryonic antigen (CEA) levels
were 0.8‑153.9 ng/ml (median, 4.4 ng/ml). The maximum
standardized uptake value was 4.7‑33.9 (median, 10.8). On
univariate analysis, cT stage, tumor size and CEA level were
associated with downstaging. On multivariate analysis, only
CEA level (≤5 ng/ml) was a significant predictor of downstaging (odds ratio = 16.0; 95% confidence interval: 1.8‑146.7;
P= 0.014). CEA level was the only factor significantly associated with downsizing (>60%) in the univariate analysis. These
results demonstrated that pretreatment serum CEA levels are
significantly associated with downstaging as well as downsizing of LARC following preoperative CRT. Therefore, this
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parameter may be useful in personalizing the management of
LARC patients.
Introduction
The preferred standard treatment for locally advanced rectal
cancer (LARC, T3‑4 or N+) includes preoperative short‑course
radiotherapy (RT) or long‑course chemoradiotherapy (CRT),
followed by radical surgery and postoperative chemotherapy (1,2). However, employing this multimodal treatment
approach for all patients with LARC may constitute overtreatment for a subset of the patients. Both preoperative therapy or
radical surgery may be considered overtreatment under certain
circumstances (3). A more personalized approach to the
management of LARC patients has been attracting increasing
attention (4).
The response of LARC to CRT varies from absent to
complete (5). To implement personalized treatment for LARC,
early and accurate prediction (or assessment) of CRT response
is necessary (6). The predicted response to CRT may affect
preoperative treatment, while response assessment post‑CRT
may affect the surgical approach. Certain patients may derive
no benefits from preoperative CRT or radical surgery, whereas
they may suffer from treatment‑induced morbidities.
The aim of this study was to investigate the pretreatment
clinical, patient and tumor parameters regarding their association with LARC response to CRT, which was indexed by the
downstaging and downsizing of rectal cancer.
Patients and methods
Patients. Data from 51 LARC patients who were managed
with preoperative CRT and radical surgery between 2010 and
2013 at the Soonchunhyang University Hospital (Cheonan,
Korea) were retrospectively analyzed. Rectal adenocarcinoma
was pathologically proven in all the cases. The clinical stage
was T3‑4 or N+ (cStage II‑III), evaluated using abdominopelvic computed tomography (CT), pelvic magnetic resonance
imaging (MRI), and/or endorectal ultrasonography. The
Institutional Ethics Committee approved the study protocol
(2015‑01‑006), and waived the written informed consent from
the patients due to the retrospective nature of the study.
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Pretreatment assessment. The pretreatment staging work‑up
included a digital rectal examination, complete blood count,
liver function tests, assessment of serum carcinoembryonic antigen (CEA) levels, and colonoscopy with rectal
biopsy. Chest radiography, abdominopelvic CT, pelvic MRI,
18
F‑fluorodeoxyglucose positron emission tomography‑CT,
and/or endorectal ultrasonography were also performed.
For preoperative RT, the patients underwent CT simulation. The initial target volume encompassed the gross tumor,
mesorectum, presacral space and regional lymphatics (perirectal, presacral, internal iliac and distal common iliac). A
three‑dimensional conformal plan comprised a 6‑MV photon
posterior‑anterior field and 15‑MV photon opposed lateral
fields. RT at a dose of 45 Gy was delivered in 25 fractions
to the pelvis, with a continuous boost of 5.4 Gy delivered
in 3 fractions. The boost target volume involved the gross
tumor and adjacent mesorectum. Preoperative chemotherapy,
administered concurrently with RT, used two cycles of a
bolus infusion of 5‑fluorouracil (450 mg̸m2̸d) and leucovorin
(20 mg̸m2̸d) for 5 days during the first and last weeks of RT.
Tumor resection and post-treatment staging. Six to eight weeks
after preoperative CRT completion, the patients underwent
radical resection, including total mesorectal excision. A total
of 45 patients underwent low anterior resection, 3 received
Hartmann's operation, and the remaining 3 were subjected to
abdominoperineal resection. The post‑CRT pathological stage
(ypStage) was determined according to the American Joint
Committee on Cancer (AJCC) staging system, 7th edition (7).
Downstaging was defined as initial cStage II‑III changing to
ypStage 0‑I following CRT. Tumor size was indexed by the
maximum size of the rectal mural tumor on pretreatment CT
or MRI, and the post‑CRT residual viable tumor on the surgical
specimen. Downsizing was indicated by a tumor size reduction
of >60%, which represented the median value in all patients.
Statistical analysis. To identify the pretreatment parameters
associated with pathological response to CRT, the Chi‑square
or Fisher's exact test were used for the univariate analyses.
Multivariate logistic regression was performed, including the
factors that achieved statistical significance in the univariate
analyses. The CRT response was indexed by downstaging as
well as downsizing. All reported P‑values were two‑tailed
and a P‑value of <0.05 was considered to indicate statistically
significant differences. All analyses were performed using the
SPSS software, version 14.0 (SPSS Inc., Chicago, IL, USA).
Results
Patient characteristics. Of a total of 51 patients, ranging in age
between 41‑81 years (median, 64 years), 35 (68.6%) were male.
The cT classification was cT2 in 5 (9.8%), cT3 in 32 (62.7%),
and cT4 in 14 (27.5%) patients. The cStage was II in 10 (19.6%)
and III in 41 (80.4%) patients. The pretreatment CEA levels
and maximum standardized uptake value were specified in
45 and 44 patients, respectively, with values of 0.8‑153.9 ng̸ml
(median, 4.4 ng̸ml) and 4.7‑33.9 (median, 10.8), respectively.
Post-treatment classification. The post‑CRT ypT classification was ypT0 in 2 (3.9%), ypTis in 3 (5.9%), ypT1 in 3 (5.9%),

ypT2 in 12 (23.5%), ypT3 in 28 (54.9%) and ypT4 in 3 (5.9%)
patients. The ypStage was 0 in 5 (9.8%), I in 11 (21.6%), II in
19 (37.3%), and III in 16 (31.4%) patients. Downstaging was
observed in 16 (31.4%) patients. The pre- and post‑CRT
tumor sizes were 2‑11 cm (median, 4.8 cm) and 0‑5 cm
(median, 2 cm), respectively. The median reduction in tumor
size was 60% (range, 0‑100%). Downsizing (>60%) was
observed in 25 (49%) patients.
Factors associated with downstaging and downsizing. The
results of the univariate analyses of pretreatment factors
associated with downstaging are presented in Table I.
cT classification, tumor size and CEA level were found to be
significantly associated with downstaging. On multivariate
analysis, only CEA level (≤5 ng/ml) significantly predicted
downstaging [odds ratio (OR)=16.0; 95% confidence
interval (CI): 1.8‑146.7; P=0.014]. In the univariate analyses of
factors associated with downsizing (Table II), only CEA level
was found to be significant.
Discussion
The present study analyzed the pretreatment clinical, patient
and tumor parameters to identify the factors associated with
response to CRT, and the serum CEA levels were found to
be significantly associated with CRT‑induced LARC downstaging and downsizing.
Serum CEA is the most widely used tumor marker in
colorectal cancer. In 2000, the AJCC stated that preoperative
elevation of CEA (≥5 ng/ml) merits inclusion as a category I
prognostic factor in colorectal cancer (8). Since the timing of
CRT has changed from postoperative to preoperative in LARC,
ongoing research has sought to determine the markers associated with CRT response, which is ascertained early through
surgical pathology. If the previously recognized prognostic
value of preoperative CEA was related to the effectiveness
of postoperative CRT, then CEA level may also be associated
with preoperative CRT response.
Several previous studies have similarly reported that
pre‑CRT CEA level was associated with CRT response in
rectal cancer (9‑12). Park et al (9) analyzed data from 141 rectal
cancer patients, categorizing their CRT response as good or
poor. The good response group (n=26; 19%) included patients
with pathologically complete or near‑complete responses.
The mean pre‑CRT level of CEA was 18.99 ng/ml in the
poor response group and 6.57 ng/ml in the good response group
(P=0.049). The multivariate analysis indicated that an elevated
pre‑CRT CEA level (>5 ng/ml) was the only significant
predictor of a poor response (OR= 3.030; 95% CI: 1.03‑8.26).
Wallin et al (10) analyzed data from 469 rectal cancer patients
and reported that the factors associated with a pathological
complete response (n=96; 20%) on multivariate analysis
were low (≤5 ng/ml) pretreatment CEA levels (OR= 0.87;
95% CI: 0.77‑0.97) and interruption of CRT. Pretreatment cT
classification and tumor size were significantly associated with
T‑stage down‑classification, but no parameters were associated
with a reduction in tumor size. In the present study, statistically significant factors associated with pathological complete
response were not identified, possibly due to the small patient
sample. Instead, it was observed that pretreatment CEA levels
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Table I. Univariate analysis of factors associated with downstaging of locally advanced rectal cancer.
ypStage 0‑I

ypStage II‑III

	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑----‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑---------‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Factors

n

%

n

%

P-valuea

Age (years)					0.896
<65
9
32.1
19
67.9
≥65
7
30.4
16
69.6
Gender					0.524
Male
10
28.6
25
71.4
Female
6
37.5
10
62.5
Tumor location					
0.474
Lowb
2
20.0
8
80.0
Middle‑upper
14
34.1
27
65.9
cT					0.049
T2
3
60.0
2
40.0
T3
11
34.4
21
65.6
T4
2
14.3
12
85.7
cN					0.054
cN‑	
6
60.0
4
40.0
cN+
10
24.4
31
75.6
Tumor size (cm)					
0.003
<5
13
50.0
13
50.0
≥5
3
12.0
22
88.0
CEA (ng/ml)					
<0.001
≤5
13
54.2
11
45.8
>5
1
4.8
20
95.2
mSUV					
0.155
<10
8
50.0
8
50.0
≥10
8
28.6
20
71.4
CRT‑surgery interval (weeks)					
0.466
<7
2
18.2
9
81.8
≥7
14
35.0
26
65.0
a
Chi‑square or Fisher's exact test. b≤5 cm from the anal verge to the distal end of the tumor. CEA, carcinoembryonic antigen; mSUV, maximum
standardized uptake value; CRT, chemoradiotherapy.

were independently associated with downstaging, another
important criterion of response of LARC to CRT. The present
study additionally demonstrated that CEA levels were associated with tumor size reduction.
The primary purpose of preoperative RT or CRT for
rectal cancer is to decrease the risk of local disease recurrence (1). However, substantial progress in local recurrence
rate reduction has been achieved using total mesorectal excision (13). An adequate oncological radical resection, with
complete distal and radial clearance, and en bloc resection of
the lympho‑adipose tissue surrounding the rectum by total
mesorectal excision, yields local recurrence rates of 4‑10%
after surgery alone (14). If the local recurrence rate after
surgery alone is hypothesized to be 10%, and if the addition of
preoperative CRT cuts that down to half, then administering
preoperative CRT to all LARC patients would have resulted
in overtreatment in ~95% of the patients. The introduction of

MRI to rectal cancer staging allows one to estimate the width
of the circumferential resection margin, which is a strong
predictor of the local recurrence risk (15). Selective use of
preoperative treatments for rectal cancer has been suggested
based on pretreatment MRI findings (16,17). The need for
preoperative CRT in LARC patients may be further assessed
using pre‑CRT CEA data. The present study demonstrated
that pretreatment CEA levels are associated with downstaging,
a valid surrogate marker of long‑term disease recurrence (18).
A recent update report from a seminal randomized
controlled trial that compared preoperative and postoperative
CRT for LARC, indicated that the absolute difference in local
recurrence rate decreased after a long (11‑year) follow‑up (19).
The authors hypothesized that preoperative CRT only postpones local recurrence. Considering the minimal benefits
conferred by local disease control, the major advantage of
preoperative CRT may be the possible avoidance of major
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Table II. Univariate analysis of factors associated with downsizing of locally advanced rectal cancer.
Downsizing >60%

Downsizing ≤60%

	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-----‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-------‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Factors

n

%

n

%

P-valuea

Age (years)					0.200
<65
16
57.1
12
42.9
≥65
9
39.1
14
60.9
Gender					0.193
Male
15
42.9
20
57.1
Female
10
62.5
6
37.5
Tumor location					0.499
Lowb
6
60.0
4
40.0
Middle‑upper
19
46.3
22
53.7
cT					0.252
T2
4
80.0
1
20.0
T3
15
46.9
17
53.1
T4
6
42.9
8
57.1
cN					0.726
cN‑	
4
40.0
6
60.0
cN+
21
51.2
20
48.8
Tumor size (cm)					
0.482
<5
14
53.8
12
46.2
≥5
11
44.0
14
56.0
CEA (ng/ml)					0.012
≤5
17
70.8
7
29.2
>5
7
33.3
14
66.7
mSUV					
0.690
<10
9
56.3
7
43.8
≥10
14
50.0
14
50.0
CRT‑surgery interval (weeks)					
0.789
<7
5
45.5
6
54.5
≥7
20
50.0
20
50.0
Chi‑square or Fisher's exact test. b≤5 cm from the anal verge to the distal end of the tumor. CEA, carcinoembryonic antigen; mSUV, maximum
standardized uptake value; CRT, chemoradiotherapy.
a

surgical resection through CRT‑induced tumor regression (3).
For a subset of patients exhibiting a complete to near‑complete
response to preoperative CRT, experimental approaches, i.e.,
local excision or no surgery (‘wait‑and‑see’ policy) have been
attempted (6,20). While the necessity of preoperative CRT to
improve long‑term local disease control may be diminishing,
the importance of preoperative CRT for possible conservative
surgery (or even no surgery) continues to increase; accordingly, the value of pretreatment CEA levels for predicting CRT
response will continue to increase.
This study was limited by its retrospective design and
relatively small sample size. Smoking status may affect
serum CEA levels, but the retrospective chart review method
employed herein was unable to fully capture this information (10). Prospective studies including a larger patient sample
are required to validate the current findings.

In conclusion, pretreatment serum CEA levels were found
to be significantly associated with the downstaging and downsizing of LARC following preoperative CRT. This parameter
represents a valuable tool that may facilitate treatment personalization for LARC patients.
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