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Abstract

Objectives: Nonsurgical treatment of colorectal cancer,
the third most prevalent cancer worldwide, through
chemoradiotherapy (CRT) has been suggested to induce
complete remission. Carcinoembryonic antigen (CEA)
has been used as a candidate marker to predict treatment
response. In this study, we aimed to assess the applica-
bility of plasma levels of CEAs in predicting the response
to CRT, particularly complete pathological response.

Methods: We designed a retrospective, cross-sectional
study in which tumor stage and plasma levels of CEAs
before and after neoadjuvant CRT were extracted from
the medical records of patients with rectal tumors who
underwent neoadjuvant chemoradiotherapy before sur-
gery at Sina Hospital, Tehran, Iran from 2010 to 2015.

Results: Pre-CRT plasma levels of CEA positively
correlated with tumor stage, and chemoradiotherapy
significantly decreased plasma levels of CEA. Whereas
lower pre-CRT plasma levels of CEA and tumor stage
were significantly associated with complete response to
CRT, post-CRT plasma levels of CEA showed no asso-
ciation with complete response. In addition, in ROC
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curve analysis, a CEA cut-off value of 2.6 ng/mL pre-
dicted complete response to CRT (specificity = 82.6%,
sensitivity = 40.5%).

Conclusion: Although several factors other than plasma
levels of CEA and tumor stage are important in deter-
mining the response to CRT, preliminary plasma levels of
CEA and tumor stage can be used as factors for deter-
mining complete response to neoadjuvant chemo-
radiotherapy in rectal cancer.

Keywords: Carcinoembryonic antigen (CEA); Colorectal
surgery; Complete pathological response; Neoadjuvant che-
moradiotherapy; Rectal cancer
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Introduction

Colorectal cancer (CRC) is the third most prevalent
cancer worldwide, and it ranks second among cancers in
mortality.! On the basis of the most recent report on the
global burden of disease, the age-standardized incidence
rate of CRC in 2017 was approximately 23.2 per 100,000
person-years, which is almost 10% higher than that in 1990.”
The risk of occurrence of CRC increases with aging;
moreover, several environmental and genetic risk factors
contribute to the development of CRCs.”

Despite progress in adjuvant and neoadjuvant chemo-
therapy and radiotherapy methods, as well as newly devel-
oped immunotherapies, surgery remains the mainstay for the
treatment of CRCs.*’ However, on the basis of tumor
extension, tumor type, and patients’ underlying conditions,
neoadjuvant therapy may also be a possibility for inducing
complete remission.’ In rectal adenocarcinoma with wide
tumor extension, neoadjuvant chemoradiotherapy has been
found to effectively eliminate metastatic cells and decrease
tumor size and staging.® Overall, 10—30% of cancers show
complete pathologic response to chemoradiotherapy before
surgery.”® In special cases, such as squamous cell
carcinoma of the rectum, oncologic treatments such as
chemo/radiotherapy can replace surgery and consequently
are considered the only treatment for these cancers. Thus,
neoadjuvant chemotherapy before surgery can be beneficial
in decreasing tumor size, but whether it can be used more
extensively as the main treatment and whether it might
replace surgical treatment remain to be elucidated.

Importantly, because neoadjuvant therapy is followed by
surgical treatment, the extent to which such oncologic/
medical treatments might be effective in decreasing tumor
size cannot be determined. Therefore, surrogate markers
such as specific tumor markers have been suggested for
estimating changes in tumor size.” Carcinoembryonic
antigen (CEA) can be used to determine the response to
treatments, and to aid in diagnosis and prognostication.10

Approximately 40—60% of patients with CRCs test
positive for circulating levels of CEA before surgery,'' and
levels are higher in advanced tumor stages and tumor
invasion.'” Studies have shown that presurgical levels of
CEA are positively correlated with tumor recurrence after
surgery.”’]4 Furthermore, if the levels of CEA after
surgery remain high and do not return to normal, the
prognosis is poor, irrespective of the tumor staging.l‘;’“’
However, some studies have shown that although the
decrease in levels of CEA after chemotherapy is considered
a prognostic factor for patient survival, the factors
associated with surgery, tumor staging, and tumor location
are also important.ll{w’18

In this study, we aimed to assess the changes in plasma
levels of CEA before and after neoadjuvant chemo-
radiotherapy, and their association with rectal tumor path-
ologic response. Although similar studies are available, we
aimed to elucidate whether this marker might aid in deter-
mining the net effects of neoadjuvant chemoradiotherapy in
our sample of patients with rectal cancer at Sina Hospital, a
tertiary center in Iran.

Materials and Methods
Study design and participants

We designed a retrospective cross-sectional study by
extracting the required data from the medical records of
patients with rectal cancer who had undergone surgery at
Sina Hospital, Tehran, Iran between 2010 and 2015. This
study was approved by the ethics committee of Tehran
University of Medical Sciences and Sina Hospital, and all
data were extracted anonymously and remained confidential.
The inclusion criteria were as follows: 1) diagnosis of rectal
cancer accompanied by pathological confirmation of the
tumor; 2) neoadjuvant chemoradiotherapy (CRT) before
surgery; and 3) complete tumor resection by surgery. The
exclusion criteria were as follows: 1) incomplete records, e.g.,
incomplete data on plasma levels of CEA before and after
CRT and after surgery; 2) failure to track patients’ follow-
up; and 3) familial colon cancer syndromes. No additional
limitations were set for patient demographics, such as age or
sex.

Data collection

The following parameters were extracted from patient
medical records: demographic data (age and sex), tumor
characteristics (tumor site, type, and staging), applied
therapies (surgery, chemotherapy, radiotherapy, and mixed
interventions), response to therapy (complete remission, no
progression, relapse or progression, and death), plasma
levels of CEA measured with the radioimmunoassay
method (normal range: 0—2.5 ng/dL) before (at the initial
visit before CRT) and after (at the initial visit after CRT
and just before surgery) CRT, and imaging findings (before
and after CRT). The diagnosis of rectal cancer was made by
one of three pathologists, and tumor staging was performed
on the basis of the American Joint Committee on Cancer
TNM system.l() The patients were categorized according to
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the changes in tumor stage after treatment. Regression to
stage 0 was considered complete, regression to lower
stages of 2—3 was considered moderate, and regression to
a lower stage of 1 was considered poor. Some patients’
tumors remained in the same stage (no response) or
showed tumor progression.

For neoadjuvant chemoradiotherapy, patients underwent
long-course radiotherapy with 45—50 Gy in 25—28 fractions
for approximately 6 weeks, and capecitabine or 5-
fluorouracil was used simultaneously as the chemotherapy.
Sphincter-sparing surgical tumor resection was applied for
all patients, except those with low rectal tumors with a dis-
tance less than 5 cm from the anal verge, who underwent
abdominal perineal resection. After surgery, all patients
underwent maintenance chemotherapy, and most received
FOLFOX (including 5-fluorouracil plus leucovorin plus
oxaliplatin) every 14 days. A smaller number of patients
received CapeOx/XELOX (capecitabine plus oxaliplatin)
every 21 days.

Statistical analysis

The power of the study was set to be 80%, and o and
were set as 0.05, 0.2, respectively. To estimate the required
sample size for observing the expected clinical difference
(20%), the sample size was calculated (n = 100). For com-
parison of tumor stages and plasma levels of CEA before and
after CRT, paired-sample t-tests were used. For assessing the
relationship between independent variables and study out-
comes, chi-square and Pearson statistical analyses were
conducted. Univariate and multivariate regression analyses
were conducted with the Cox proportional hazard model,
with the aim of predicting risk factors for patients’ patho-
logic responses.

Results
Demographics

Among the 107 participants included in this study, 45
were women, and 62 were men; the age ranged from 26 to
83, and the mean age was 55.30 + 11.7. No patients had
distant unresectable metastases. Among the included

Table 1: Demographics, plasma levels of CEA and tumor stage before and after CRT.

Mean + SD (n=107)

Minimum.:maximum P value

Age 55.30 £ 11.7

Sex (female:male) 45:62

Pre-CRT CEA (ng/dL)’ 10.72 + 14.62

Post-CRT CEA (ng/dL)" 244 +£2.7

Pre-CRT tumor stage Median: 3

Stage 2: 23 (21.4%)
2A: 13 (12.1%)
2B: 10 (9.3%)

Stage 3: 76 (71.2%)
3A: 15 (14.0%)
3B: 44 (41.1%)
3C: 17 (15.9%)

Stage 4: 8 (7.2%)
4A: 6 (5.6%)
4B: 2 (1.4%)

Median: 2

Stage 0: 32 (29.9%)

Stage 1: 17 (15.8%)

Stage 2: 30 (28.0%)

Stage 3: 24 (22.4%)

Stage 4: 4 (3.7%)

Post-CRT tumor stage

Treatment (CRT) response

26:83
0.5:101
0.5:20.02
2:4 <0.001*

<0.001°*

0:4

Complete response: 32 (29.9%) =

Moderate response: 12 (11.2%)

Poor response: 34 (31.8%)
No response: 27 (25.2%)

Progression: 2 (1.9%)

Death rate 2:1.8%

Abbreviations: CEA: carcinoembryonic antigen, pre-CRT: before chemoradiotherapy, post-CRT: chemoradiotherapy, SD: standard

deviation.

% Plasma CEA level normal range (chemiluminescence measurement): 0—2.5 ng/dL.

* Paired sample t-test was used for comparison.
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Table 2: Pearson correlation between plasma levels of carci-
noembryonic antigen before chemoradiotherapy and tumor
stage before and after chemoradiotherapy.

P value 95% Confidence R? r
interval

Pre CRT tumor  0.005 to 0.43680.0836 0.072  0.2692
stage

Post CRT tumor 0.343 0.0991 to —0.2774 0.008 0.092
stage

Post CRT CEA  0.0001  to 0.52040.1902 0.134 0.366
level

Abbreviations: CEA: carcinoembryonic antigen, pre-CRT:
before chemoradiotherapy, post-CRT: chemoradiotherapy.

=
T

(22}
o
1
|
|

0 N s O

Satge Il Sateg lll

CEA Level (ng/mL)
N H
b 4

Stage IV

Figure 1: Plasma levels of carcinoembryonic antigen (CEA) before
chrmoradiotherapy in different tumor stages. Abbreviations: Pre-
CRT: before chemoradiotherapy.

patients, four had liver metastases, one had peritoneal in-
vasion, and one had liver metastasis and omental invasion.
The details of demographics and tumor stages are summa-
rized in Table 1.
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Comparison between plasma levels of CEA and tumor stage
before and after CRT

On average, the tumor stage decreased from stage 3 to
stage 2 after CRT (t = 12.16, p < 0.001). In contrast, the
CEA level significantly decreased from 10.72 £ 14.62 to
2.44 + 2.7 after CRT (t = 3.832, p < 0.001). The related data
are summarized in Table 1.

Correlation between plasma levels of CEA and tumor stage
before and after CRT

A significant positive correlation was observed between
the pre-CRT plasma levels of CEA and the tumor stage
before CRT (p < 0.01). Moreover, a significant association
between pre-CRT and post-CRT plasma levels of CEA
(p < 0.001) was found. However, pre-CRT plasma levels of
CEA were not associated with post-CRT tumor stage, as
shown in Table 2.

Difference between plasma levels of CEA in patients with
different tumor stages

Patients with a pre-CRT tumor stage of 2 or 3 had
significantly lower levels of CEA than patients with a pre-
CRT tumor stage of 4 (p < 0.01) (Figure 1). Comparison
between pre-CRT and post-CRT plasma levels of CEA
with two-way repeated measures ANOVA revealed that the
plasma levels of CEA significantly decreased in patients with
stage 3 and 4 tumors (p < 0.01) but not in those with stage 2
tumors (p > 0.05) (Figure 2).

Effects of CRT on tumor stage in patients with different
tumor stages

Among the 23 patients whose tumors were in stage 2
before CRT, 12 tumors (52.17%) regressed to stage 0, 5 tu-
mors (21.7%) regressed to stage 1, 5 tumors remained at
stage 2 (21.7%), and 1 tumor (4.3%) progressed to stage 3
after CRT. Among the 76 patients whose tunors were in
stage 3 before CRT, 19 tumors (25%) regressed to stage 0, 12
tumors (15.7%) regressed to stage 1, 25 tumors (32.8%)
regressed to stage 2, 19 tumors (25%) remained at stage 3,

3 Pre CRT CEA Level
B Post CRT CEA Level

LM %L .

Satge Il Stage lli

Stage IV

Figure 2: Comparison of plasma levels of carcinoembryonic antigen (CEA) before and after chemoradiotherapy in different tumor stages.
Abbreviations: Post-CRT: after chemoradiotherapy; Pre-CRT: before chemoradiotherapy.
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Figure 3: Receiver operating characteristic (ROC) curve analysis
for determining the pre-CRT plasma carcinoembryonic antigen
(CEA) level cut-off for predicting disease stage.

and 1 tumor (1.3%) progressed to stage 4. Among the eight
patients whose tumors were in stage 4 before CRT, one tu-
mor (12.5%) regressed to stage 0, and four tumors (50%)
regressed to stage 3, whereas three tumors remained at stage
4 (37.5%). On the whole, 32 patients’ tumors (29.9%)
regressed to stage 0 after CRT. Notably, in 46 tumors
(43.0%), the disease stage decreased: 12 (11.2%) showed
moderate response, and 34 (31.8%) showed poor response;
however, 27 (25.2%) had no response to treatment, and 2
(1.9%) showed tumor progression.

Relationships among plasma levels of CEA, tumor stage and
response to treatment

The treatment effect was classified into complete, mod-
erate, poor, and no response. CRT significantly increased
complete response. Correlation analysis revealed that pre-
CRT plasma levels of CEA were negatively associated with
complete response (r = —0.22, p < 0.05), whereas post-CRT
plasma levels of CEA showed no association (p > 0.05). In
addition, correlation analysis showed that the pre-CRT

100+
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Figure 4: Receiver operating characteristic (ROC) curve analysis
for determining the post-CRT plasma carcinoembryonic antigen
(CEA) level cut-off for predicting complete or moderate response.

tumor stage was negatively correlated with poor, moderate
or complete response (p = 0.03, r = —0.19).

Determining the CEA cut-off for predicting tumor stage or
response to CRT

ROC curve analysis indicated that with a pre-CRT CEA
cut-off of 12.5 ng/mL, patients could be predicted to have
stage 4 tumors (sensitivity = 50%, specificity = 80%, positive
predictive value = 2.6, AUC = 0.74, p = 0.02) (Figure 3).

ROC curve analysis was also performed to predict
response to CRT. When a post-CRT CEA of 2.6 ng/mL was
set as the cut-off, complete response was observed
(specificity = 82.6%, sensitivity = 40.5%, positive predictive
value = 2.33, AUC = 0.66, p = 0.004) (Figure 4).

Discussion

In this study, we demonstrated that plasma levels of CEA
are associated with tumor stage, and chemoradiotherapy is
associated with significantly lower plasma levels of CEA and
rectal tumor stages. Specifically, this treatment decreased
plasma levels of CEA more significantly in higher disease
stages (i.e., stages 3 and 4 compared with stage 1 and 2).
Importantly, pre-CRT plasma levels of CEA were a predic-
tor of complete response to CRT, whereas post-CRT plasma
levels of CEA were not associated with complete response.
Moreover, ROC curve analysis indicated that plasma levels
of CEA lower than 2.6 ng/mL were predictive of complete
response to neoadjuvant CRT. CEA is a glycoprotein widely
expressed on the cell membranes in many tissues, such as
cancerous cells of the colon and rectum. A portion of this
antigen enters the blood circulation and can be detected via
radio-immunoassays on plasma samples.lj CEA has been
used as a marker for predicting tumor response to surgery
and as a prognostic marker for tumor regression or
recurrence. Our results are concordant with those from
previous studies indicating that lower pre-CRT plasma
levels of CEA, irrespective of other clinical and pathological
characteristics, are associated with complete response to
neoadjuvant CRT.!>'® However, some studies similar to
ours have shown low sensitivity and specificity of plasma
levels of CEA in predicting tumor recurrence after surgery;
moreover, inconsistencies exist in whether plasma levels of
CEA before and after chemotherapy are associated with
pathologic response.l4’l7’20 The low sensitivity of plasma
CEA levels in predicting response to CRT might be due to
other factors, such as tumor grade, location, stage, and
patient characteristics, that influence the response to
chemoradiotherapy.

In addition, several studies have reported different pre-
clinical CEA level cut-offs for predicting complete patho-
logical response to neoadjuvant chemoradiotherapy. For
instance, in a study by Das et al.,’' a pre-CRT CEA level
>2.5 ng/mL has been associated with a lower tumor down-
staging rate, whereas in studies by Zeng et al.,”? Wang
et al.,” Yang et al.,”* and Takagawa et al.,”” the cut-off for
predicting complete pathological response has been esti-
mated to be 5, 5, 6, and 10 ng/mL, respectively. Negative
post-CRT CEA has been significantly associated with com-
plete pathological response to CRT.?® In addition, in this
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study, although we observed no significant association
between post-CRT tumor stage or overall response to ther-
apy and post-CRT plasma levels of CEA, through ROC
curve analysis, we determined a cut-off for post-CRT plasma
levels of CEA. Some studies have determined cut-offs for
post-CRT plasma levels of CEA of 2.61 and 2 ng/mL,**?"’
values very close to the cut-off identified in this study.
Therefore, a decrease in plasma levels of CEA is an impor-
tant predictor of tumor downstaging and complete patho-
logical response. However, in this study, we did not assess the
association between CEA ratio after CRT and complete
response, which might potentially be a more reliable deter-
minant of tumor downstaging than post-CRT plasma levels
of CEA.”%”

Furthermore, this study showed that pathological stage
before CRT is an important determinant of tumor response
to CRT. Therefore, the higher the pre-CRT stage, the higher
the expected post-CRT stage, although the decrease in tumor
stage is greater at higher tumor stages. Furthermore, com-
plete pathological response was negatively associated with
pre-CRT tumor stage.

The findings of this study along with other similar studies
may aid in predicting complete pathological response and
identifying candidates for neoadjuvant chemoradiotherapy,
even without the need for surgery. However, this study has
several limitations; for instance, we did not consider the role
of other determinant factors predicting the response to
therapy, such as patient comorbidities; the time elapsed be-
tween neoadjuvant chemoradiotherapy and surgery; the
pathological characteristics of the tumors, such as tumor
differentiation and location; and the predictive value of other
markers such as CA19-9. This study design might at least
partly explain the discrepancies between the results of this
study and similar studies. Furthermore, the definition of
complete, moderate, and poor response substantially differs
across studies, thus sldo potentially explaining the discrep-
ancies between our study and previous studies.

Conclusion

Neoadjuvant chemoradiotherapy may be effective in
inducing complete pathological response in some patients
with rectal tumors. Several factors can aid in identifying
patients likely to be tumor-free after neoadjuvant chemo-
radiotherapy, including pre-CRT plasma levels of CEA and
tumor stage.

Abbreviations: CEA, carcinoembryonic antigen; CRC, colorectal
cancer; CRT, chemoradiotherapy.
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