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Abstract

Background: It is important to predict patients with rectal cancer responding well to neoadjuvant
chemoradiotherapy (nCRT). Numerous studies have yielded inconsistent results regarding the relationship between
pretreatment CEA level and the response to nCRT in patients with rectal cancer. We conducted a systematic review
and meta-analysis of these studies to define the relationship between them.

Methods: A literature search of all major databases was performed. A total of 14 previously published eligible
studies including 3,705 cases were identified and included in this meta-analysis. Results: Normal CEA (<5 ng/ml)
predicted improved pathological complete response (pCR) (FE: RR 3.33; 95% CI 2.57–4.31; P<0.00001) and good
response (FE: RR 1.86; 95% CI 1.08–3.21; P < 0.00001) to nCRT. Moreover, Normal CEA was significantly
associated with decreased poor response (RE: RR 0.78; 95% CI 0.73–0.83; P<0.00001) to nCRT.

Conclusions: The current meta-analysis suggests that pretreatment normal CEA level is a useful predictive
factor for response to neoadjuvant treatment in patients with rectal cancer. The validated predictive value of
pretreatment CEA on pCR should be considered in the design of further clinical studies to determine the safety and
efficacy of wait-and-watch approach.

Keywords: Rectal cancer; Neoadjuvant chemoradiotherapy;
Pathological complete response; Carcinoembryonic antigen

Introduction
Neoadjuvant chemoradiotherapy (nCRT) is currently offered to

patients with locally advanced rectal cancer, and the combination of
this strategy with total mesorectal excision (TME) is recommended as
a standard procedure [1-3]. In a proportion of patients, nCRT results
in a pathologic complete response (pCR), with no residual tumor
identified in the surgical specimen. pCR carries a particular interest,
for it seems to be associated not only with a better rate of local
recurrence, but also with improved five-year overall and disease-free
survival (DFS) [4-6].

Unfortunately, great differences in treatment response still exist
among treated patients. Tumor downstaging can be obtained only in
half of cases, and a pCR is reported to range between 19% and 36%
[7-11]. Thus, there is a need to investigate validated biomarkers to
distinguish between patients who have a high or low rate of well
response, and to predict which patients are more likely to benefit from
nCRT. In addition, it is of great importance to predict pathologically
responding not completely to nCRT for patients achieving clinical
complete response (cCR), since these patients are more unlikely to
achieve pCR and should not be considered for a watchful waiting
approach.

Recently, there is substantial evidence that clinical factors and
biomolecular markers may be useful for identifying those patients who
would achieve pCR after nCRT [9]. Carcinoembryonic antigen (CEA)
is a tumor marker frequently used in a variety of clinical situations,
including predicting metastasis, recurrence and prognosis [12], as well
as monitoring response to chemotherapy treatment in colorectal
cancer (CRC). Several studies have demonstrated conflicting results for
the use of CEA as a significant predictor of response to nCRT. Some
studies found that patients with a normal pretreatment CEA level (<5
ng/ml) had better responses to CRT than those with elevated CEA level
(≥ 5 ng/ml) [13-20], while controversy exists in other studies [21,22].
We therefore performed a meta-analysis to evaluate the predictive
value of pretreatment CEA levels, normally available in clinical
practice, on the attainment of pCR after nCRT for rectal cancer.

Materials and Methods

Literature search
A literature search of MEDLINE, EMBASE, and the Cochrane

library was performed on all the relevant studies (up to 30 January
2015) using the following keywords: “((Carcinoembryonic antigen) OR
(CEA)) AND (rectal cancer) AND ((response) OR (regression)) [Title/
Abstract]”. Articles were also identified using the “related articles”
function. Moreover, we performed a manual search of references lists
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of retrieved articles and published reviews to search for additional
related studies. Only studies published in English were included.

Inclusion and exclusion criteria
Studies selected from the initial search were subsequently included

in this meta-analysis with the following criteria: (a) the study of
interest was evaluation of CEA level for predicting the response to
nCRT in locally-advanced rectal cancer, (b) assessment of pathological
response was clearly defined, (c) CEA was evaluated as an categorized
variable by the cut-off value equal to 5 ng/ml, (d) retrospective or
prospective design, and (e) the relative risk (RR) with 95% CI (or data
to calculate these) were reported. Reviews, letters to the editor, and
case reports were excluded. Multiple studies of the same patient
population were identified, the data sets of which were overlapped and
duplicated.

Data Extraction and Definitions
Data were extracted independently from all eligible publications by

two authors (Yu and Chen) and cross-checked to reach a consensus. If
they failed to reach a consensus, a third investigator (Cai) was
consulted to resolve the dispute. According to the inclusion criteria
listed above, the following data were extracted for each study: the first
author’s name, publication year, study period, country of origin, study
design, matching criteria. Sample size, treatment, pretreatment CEA
level. Data of the main outcomes were listed in tables showing the
pathological responses to CRT with respect to CEA level.

We used the definitions and standardizations for “normal” and
“elevated” CEA level, as well as “response to CRT”. One of the conflicts
that arised concerning serum CEA level is the cut-off point for
prediction. Different cutoff level for CEA was found to be significant
for prediction of pCR in several studies. Most studies proposed 5
ng/ml [13-27] and others 2.5 ng/ml [9,28], 3 ng/ml [29,30], 3.5 ng/ml
[31,32] or 6 ng/ml [22]. Therefore, elevated CEA level was defined as ≥
5 ng/ml, and normal CEA level refers to <5 ng/ml in current study.
Pathologic response following nCRT was assessed by different tumor
regression grade (TRG) systems. Most of the studies used TRG system
described by Dworak et al. [33], which categorize tumour regression in
five grades. Other studies simply assess the predictive effect of CEA on
pCR without detailed report about TRG. According to most studies, we
defined poor response (TRG 0-2), good response (TRG 3-4), and
complete response (no residual tumor rate, TRG 4).

Statistical Analysis
Relative ratio (RR) estimates with 95% CIs were combined using a

random-effect (RE) model or a fixed-effects model, according to the
heterogeneity [34,35]. Statistical heterogeneity among studies was
assessed with Cochrane’s Q test (considered significant for P<0.10) and
I2 statistics [36]. Sensitivity analysis was performed to evaluate the
stability of the results, in which low-quality studies and each study was
deleted each time.

An estimation of potential publication bias was executed by the
funnel plot, in which an asymmetrical plot suggests a possible
publication bias. All statistical tests were conducted by Review
Manager Version 5.0 (The Cochrane Collaboration, Oxford, London,
UK). The statistical tests were two-sided, and P<0.05 was considered
statistically significant.

The methodological quality of RCTs was assessed using the
Cochrane Risk of Bias Tool [37]. The methodological quality of
observational studies was assessed using the nine-star Newcastle–
Ottawa Scale [38]. The quality of studies was assessed in accordance
with six criteria in three domains: cohort selection, cohort
comparability, and outcome. Stars were awarded for each criterion, and
a score of 0 to 9 (allocated as stars) was allocated to each study. Studies
achieving a score more than seven were considered to be of high
quality.

Results

Description of eligible studies
As indicated in the search flow diagram (Figure 1), 14 studies

[13-16,18-23,25-27] published from 2006 to 2015 fulfilled the inclusion
criteria and were finally included in the meta-analysis. The
characteristics of included studies are summarized in Table 1. A total
of 3,705 patients from eligible studies were included. All the studies
were retrospectively observational and performed in single center,
except for a prospective study. The total number of patients per study
ranged from 47 to 609. Examination of the reference lists of these
studies did not detect any further studies for evaluation.

Author Year Country
Study
Design N

Clinical
Stage

Neoadjuvant
treatment

Study
Quality

Response
criteria

Provided information on pathologic
response

poor
response

good
response

complete
response

Kim HJ [27] 2015 Korea retro 102 cII-IV CRT 8 ypTNM ypTNM II-IV
ypTNM I and
pCR NR

Meng [26] 2014 Japan retro 314
cT2-4N0-
2 CRT 9 pCR NR NR pCR

Yeo [25] 2013 Korea retro 609

cT3-4N0-
2M0, cII-
III CRT 7

mTRG
Dworak TRG 1-2 TRG 3-4 NR

Wang [20] 2013 China retro 240 cII-III RT 7
mTRG
Bateman [49] >5% residual <5% residual pCR
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Lee [17] 2013 Korea retro 345
cT2-4N0-
2M0 CRT 9 pCR NR NR pCR

Restivo [18] 2013 Italy retro 260 cII-III CRT 9 pCR NR NR pCR

Huh [16] 2013 Korea retro 391 cII-III CRT 9 pCR NR NR pCR

Wallin [19] 2013 USA retro 469
cT1-4N0-
2 CRT 8 pCR NR NR pCR

Yan [24] 2011 China retro 98
cT3-4N-/N
+ CRT 6

mTRG
Dworak TRG 0-2 TRG 3-4 NR

Moureau
[15] 2011 France retro 168

cT2-4N-/N
+ CRT 8 pCR NR NR pCR

Lin [21] 2010 China
prospec-
tive 47

cT3-4N-/N
+ CRT 6

mTRG
Dworak TRG 0-2 TRG 3 TRG 4

Perez [14] 2009 Brazil retro 170 cI-III CRT 7 pCR NR NR pCR

Yoon SM
[13] 2007 Korea retro 351

cT3-4N-/N
+ CRT 7

mTRG
Dworak TRG 1-2 TRG 3-4 TRG 4

Park [23] 2006 Korea retro 141
cT2-4N-/N
+ CRT 7 Park[23]

Remained
patients

only focal
residual pCR

Table1: Characteristics of included studies.

Patients received nCRT in 13 studies and neoadjuvant RT was given
in one study (Table 1). All the studies selected 5 ng/ml as the cut-off
point for CEA level to predict pathological response. Ten of the studies
were conducted in East Asian populations (2,638, 71%), while four of
the studies were conducted in European or American populations with
mixed but mostly white participants (1,067, 29%).

Figure 1: Flow diagram of studies identified, included and excluded

Elevated versus normal CEA level
Pooled data from the ten studies involving 2,359 patients

contributed data on complete response setting showed pretreatment
normal CEA level was significantly associated with improved complete
response to nCRT (FE: RR 3.45; 95% CI 2.66–4.46; P <0.00001)(Figure
2). The result of the nCRT, calculated separately with exclusion of one
study using neoadjuvant RT, showed the same significant correlation
(FE: RR 3.33; 95% CI 2.57–4.31; P<0.00001). Similarly in the analysis
of five studies involving 1,296 patients, pretreatment normal CEA level
was significantly correlated with good response (FE: RR 1.86; 95% CI
1.08–3.21; P<0.00001) (Figure 3). According to the analysis of the four
studies involving 1,198 patients that consistently assessed poor
response, normal CEA level was significantly associated with decreases
in poor response (RE: RR 0.77; 95% CI 0.72–0.82; P<0.00001) (Figure
4).

Figure 2: Forest plots of RR were assessed for association between
pretreatment CEA and pathologic complete response to
neoadjuvant CRT
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Figure 3: Forest plots of RR were assessed for association between
pretreatment CEA and good response to neoadjuvant CRT

Figure 4: Forest plots of RR were assessed for association between
pretreatment CEA and poor response to neoadjuvant CRT

Sensitivity analysis and publication bias
Sensitivity analysis was carried out to assess the influence of

individual studies and low-quality studies on the summary effect. The
results suggest that the influence of each individual data set to the
pooled RRs is not significant. The funnel plot for CEA level and pCR
rate is shown in Figure 5. The top of the funnel plots showed no
evidence of obvious asymmetry, while the bottom showed asymmetry,
indicating the potential publication bias.

Figure 5: Funnel plot of pretreatment CEA level and pCR rate

Discussion
The present meta-analysis of 14 studies systematically evaluated the

association between CEA level and response to nCRT in a large
population. The results indicate that pretreatment normal CEA level
(<5 ng/ml) predicts improved pCR and good response and decreased
poor response to neoadjuvant therapy in patients with rectal cancer.
Further stratification according to different neoadjuvant therapies
showed that this association remained. We interpret normal CEA level
as a valid biomarker predicting patients are likely to benefit from
nCRT.

Only studies using 5 ng/ml as the cut-off point for CEA level to
predict pathological response were included in our study, while 2.5
ng/ml [9,28], 3 ng/ml [29] or 3.5 ng/ml [31] was also found to be
significant for prediction of pCR, good response or poor response in
selected excluded studies, determined by performed receiver operating
characteristic (ROC) curves. Briefly, all the selected studies showed
that normal CEA level (<cut-off point: 5, 3.5, 3 or 2.5 ng/ml) is
correlated with improved pathologic response to neoadjuvant therapy,
while high CEA level (≥ cut-off point: 5, 3.5, 3 or 2.5 ng/ml) may
predict increased poor response.

TRG system as mentioned above is the most popular way to assess
the response of primary tumors after the introduction of neoadjuvant
CRT, which correlates with DFS as an independent factor based on
several retrospective studies [1,4,5,39,40]. It is of significant
importance to predict patients who will perform well in TRG
assessment system before the neoadjuvant CRT, because it will be a
waste of time for patient who would not response well to neoadjuvant
CRT and may miss the best opportunity to receive surgical treatment.
For this reason, other biomarkers and genetic predictors, such as p21,
p53, Bax, Bcl2, COX2, VEGF, EGFR and thymidylate synthase [41-43],
have been studied. Some newly predictive biomarkers are also
reported, including Cathepsin S [44], expression of CD133 [45],
methylation of long interspersed nuclear element-1(LINE-1) [46], and
GRP78 the 78-kDa glucose-regulated protein [47], but some of them
are contradictory. These new biomarkers may help predict which
patients may respond, but they could not directly translate into widely
and low-cost clinical use. It is important to develop serum CEA, a
clinical variable that can potentially be used in the clinical setting.

Since cCR does not necessarily imply pCR, whether watch-and-wait
strategy can be pursued instead of routine surgery in patients who
achieve cCR after nCRT is still debated [48]. Based on our results,
patients with elevated pretreatment CEA are more unlikely to have a
pCR. Therefore, the enrolled patients achieving cCR with elevated
pretreatment CEA should not be considered for a wait-and-watch
approach in further clinical studies designed to determine its safety
and efficacy.

The present meta-analysis has the following limitations that need to
be acknowledged. First, most of the studies included were
retrospective, and the small number of cases in two studies also
decreased the reliability of the results, which made it difficult to
acquire strong evidence for the conclusions. Second, available data are
still sparse, and in-depth analyses of the associations in the context of
different cut-off values, TRG assessments, CRT regimens and intervals
between CRT and surgery are highly desirable to enable more-precise
estimates and a better understanding of the role of CEA in predicting
response to neoadjuvant CRT. Third, there was significant variability in
terms of cut-off values of CEA level among studies we first retrieved.
We exclude the studies not using 5 ng/ml as the cut-off value to reach
the comparability between studies, which may have contributed to the
selection bias. Use of the RE model for pooled data might minimize
the effects of heterogeneity, but does not abolish them. Finally, some
authors did not report the proportion of patients lost to follow-up,
which may influence the reliability of the conclusions.

Despite these limitations, some advantages of the current meta-
analysis should be addressed. First, the number of total cases and
controls were substantial, and the studies included were conducted at
major institutions in different continents. Therefore, the patients
evaluated may reflect patient populations around the world which
significantly increased the statistical power of the analysis. Second, we
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applied multiple strategies to identify studies, and strict criteria to
include and evaluate the quality of the studies. Sensitivity analysis
confirmed the reliability of the pooled estimates in the meta-analysis,
and no publication biases were detected, which indicates that the entire
pooled result may be unbiased. Third, we clearly defined grade of CEA
level and assessment of response. Cut-off values of pretreatment CEA
were the same in each study, which might avoid inconsistent results
between these studies and help to obtain accurate data with clinical
significance.

This is the first meta-analysis to assess the value of pretreatment
CEA level for predicting the response of rectal cancer patients to
neoadjuvant therapy. This study was conducted at an appropriate time
because enough data have accumulated for inspection by meta-
analytical methods at a time when the value of serum CEA levels in
predicting response to nCRT has been assessed frequently, particularly,
in recent two years. This analysis therefore provides the most up-to-
date information in this area.

Conclusions
The current meta-analysis suggests that pretreatment normal CEA

level is a useful predictive factor for response to neoadjuvant
chemoradiotherapy in patients with rectal cancer. The validated
predictive value of pretreatment CEA on pCR should be considered in
the design of further clinical studies to determine the safety and
efficacy of wait-and-watch approach.
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