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Abstract

Objective  The aim of this study was to evaluate the impact of serum carcinoembryonic antigen (CEA) in
the prediction of pathological complete response (pCR) in locally advanced rectal cancer (LARC) patients
treated with neoadjuvant chemoradiotherapy (nCRT).

Methods A total of 925 LARC patients who underwent nCRT followed by TME between March 2006
and February 2018 were enrolled at Fudan University Shanghai Cancer Center. Using logistic regression
models, we investigated the associations between serum CEA levels and pathological complete remission
(pPCR). Further stratified analyses were performed according to different CEA thresholds.

Results We found that pre-nCRT CEA and post-nCRT CEA were negatively correlated with pCR
(P<0.001). Stratified analyses revealed that when the CEA cutoff value was set to 5 ng/mL, 10.6% of
patients with post-nCRT CEA levels > 5 ng/mL achieved pCR. Meanwhile, when the CEA cutoff value was

set to 10 ng/mL, only 6.8% of the patients with post-nCRT CEA levels > 10 ng/mL achieved pCR.

Conclusion

In summary, pre- and post-nCRT CEA levels < 5 ng/mL were favorable predictors of pCR

in LACR patients, and the “watch and wait” strategy is not recommended for patients with post-nCRT CEA

levels > 10 ng/mL.
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Rectal cancer is one of the leading causes of
mortality and morbidity worldwide, and its growing
incidence reflects the consequences of a modification
in lifestyle behaviors V. According to NCCN clinical
practice guidelines ?, the standard treatment for locally
advanced rectal cancer (LARC) includes neoadjuvant
chemoradiotherapy (nCRT) followed by total mesorectal
excision (TME). However, prior studies have shown
inconsistent treatment responses to neoadjuvant CRT,
ranging from a pathological complete response (pCR)
to the total resistance. Previous studies *”! have shown
that rectal cancer patients with pCR after neoadjuvant
chemoradiotherapy and surgical resection of the primary
lesion have better long-term outcomes than patients who
lack significant remission or non-remission, and pCR
rates of 10%-30% have been reported in some studies 1.
However,amethod toidentify patients who can benefit the

most from nCRT remains to be found. This stratification
could be used to identify patients in whom “watch and
wait” management may be a significant treatment option.
“Watch and wait” is a novel alternative to TME after
a clinical complete response (cCR) to nCRT with the
promise of improved quality of life and comparable cure
effect . In addition, the NCCN guidelines suggest that
“watch and wait” management may be considered for
patients with a cCR and no evidence of residual disease.
Therefore, it is important to explore predictive factors of
PCR before surgery in LARC patients to support decision-
making in organ preservation strategies.

In recent years, a number of studies have explored the
importance of pre- and post-nCRT carcinoembryonic
antigen (CEA) levels on pCR and come to different
conclusions. Some studies!'>> have reported that a lower
pre-treatment CEA level is associated with a higher pCR
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rate, while others have shown that the predictive value is
only significant in non-smokers 7. Other studies have
shown that a lower pre-nCRT CEA level is not correlated
with pCR 51 while post-nCRT CEA is negatively
correlated with pCR 22, Furthermore, several studies
have suggested that patients with elevated pre-nCRT
CEA levels may not be suitable for the “watch and wait”
strategy (%3l However, only limited research focusing on
the correlation between pre- and post-treatment CEA
and pCR in the Asian population has been performed.
Therefore, this retrospective study was performed to
evaluate the predictive value of pre- and post-treatment
CEA levels after neoadjuvant chemoradiotherapy in
LARC patients. These findings can be used to distinguish
LARC patients who are suitable for the “watch and wait”
strategy based on the CEA levels.

Materials and methods

Study participants

Between March 2006 and February 2018, a total of
1130 patients with locally advanced rectal cancer received
nCRT at Fudan University Shanghai Cancer Center.
The inclusion criteria of this study were as follows: (1)
distance from the anal verge < 12 cm; (2) histopathological
diagnosis of adenocarcinoma; (3) clinical stage T3-4 and/
or N+ with MRI or ERUS; (4) no evidence of distant
metastasis shown on computed tomography (CT) of the
chest and abdomen; (5) receiving a long-course CRT
followed by radical resection within 6-10 weeks after
the end of CRT; (6) available pre- and post-nCRT CEA
data. Pre-nCRT CEA level was defined as the CEA value
measured within one week before nCRT, while post-
nCRT CEA level is the CEA value measured within one
week before surgery.

Treatment

All the patients underwent intensity-modulated
radiation therapy (IMRT) ranging from 44 to 55 Gy in
20 to 25 fractions, concurrent with capecitabine-based
chemotherapy, including capecitabine alone, capecitabine
plus oxaliplatin, and capecitabine plus irinotecan. A TME
was performed 6-10 weeks after completion of CRT. The
pathological evaluation was defined according to the 8th
American Joint Committee on Cancer (AJCC) Manual
24, PCR was defined as complete regression of both the
primary lesion and the regional lymph nodes.

Statistical analysis

Patient’s demographic and clinical-pathological
features, including age, gender, Body Mass Index (BMI),
distance from the anal verge, clinical T- and N-stage,
pathological T- and N-stage after TME, CRT regimen,
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type of surgery, and CEA values of pre- and post-CRT
were retrieved from the patient’s medical records.
Continuous variables were reported as mean and
standard deviations, and categorical variables were shown
as frequencies or percentages. Fisher’s exact and Pearson’s
chi-square tests were used to determine correlations
between categorical variables. Logistic regression models
identified the predictors of endpoint pCR. For all analyses,
a P-value of < 0.05 was considered significant. Statistical
analyses were performed using SPSS 26.0 software.

Results

Baseline characteristics

A total of 925 patients were recruited for this
retrospective study (Fig. 1 and Table 1). Overall, 29
patients (3.1%) had a clinical T2 primary tumor, 748
(80.9%) had a clinical T3 primary tumor, and 148 (16%)
had a clinical T4 primary tumor. Further, 64 patients
(6.9%) had a clinical NO and 861 (93.1%) had a clinical
N+, indicating lymphatic metastasis. Tumor pathological
staging after TME was evaluated, and 194 patients
(21.0%) achieved pCR, as shown in Table 2. Serum CEA
levels were collected at two different time periods, one
week before nCRT and one week before surgery. In total,
408 patients had pre-nCRT CEA levels greater than 5 ng/
mL, while 217 patients had post-nCRT CEA levels greater
than 5 ng/mL, while 103 patients had levels > 10 ng/mL.

Multivariate analysis of pCR

A logistic regression model was used to analyze the
potential factors influencing pCR (Table 3). The findings
revealed that patients with pre-nCRT CEA levels < 5
ng/mL were more likely to achieve a pCR (RR=0.596,
P<0.001). Similarly, post-nCRT CEA levels were
negatively correlated with the pCR rate (RR=0.438,
P<0.001). Other factors, including age, sex, BMI, clinical
T-category, clinical N-category, and distance from the
anal verge, were not significantly associated with pCR.

Stratified analysis of the effect of CEA after
nCRT on pCR

The 5 ng/mL and 10 ng/mL cutoff values were set to
stratify the patients based on their post-nCRT CEA level.
There were 217 patients with CEA greater than 5 ng/
mL (Table 4), whose pCR rate was 10.6%. Among the
remaining 708 patients, 24.2% achieved pCR. There were
103 patients with CEA greater than 10 ng/mL (Table 4), in
whom only 6.8% achieved pCR, while the corresponding
rate was 22.7% in the remaining patients. The differences
in complete response rate between subgroups were
statistically significant.



http://otm.tjh.com.cn

205 patients excluded accoeding to the inclusion criteria:
1) the distance from analverge < 12cm;

2) histopathological diagnosis of adenocarcinoma;
3) clinical stage T3-4 and/or N+with MRI or ERUS;
4) no evidence of distant metastasis;

5) receiving a long-course CRT;

6) with both Pre-nCRT and Post-nCRT CEA data.
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1130 patients with LARC
925 patients were included

Pre-nCRT CEA Post-nCRT CEA

Pre-nCRT CEA Post-nCRT CEA

<5 vs. > 5ng/ml <5 vs. > 5ng/ml

<10 vs. > 10ng/ml

Fig. 1

Stages of this research. Between March 2006 and February 2018, a total of 1130 patients with locally advanced rectal cancer received nCRT

at Fudan University Shanghai Cancer Center. In this period, 925 patients met the inclusion criteria for this retrospective analysis, with available pre- and

post-nCRT CEA levels.
Discussion

In this study, CEA expression levels were significantly
associated with pCR in LARC patients, indicating their
use in predicting patient response to nCRT. Patients
with pre-nCRT CEA level > 5 ng/mL had a lower pCR
(P<0.001). Similarly, a higher post-nCRT CEA level was
negatively correlated with higher pCR (CEA cutoff value
set to 5 ng/mL, RR = 0.438, P<0.001; CEA cutoff value
set to 10 ng/mL, RR = 0.300, P<0.001, respectively). The
PCR rate of patients with CEA level > 5 ng/mL was 10.6%,
while the pCR rate of the remaining patients with CEA
level < 5 ng/mL was 24.2%. Meanwhile, patients with
a CEA level greater than 10 ng/mL had a very low pCR
rate of 6.8%, while that in the remaining patients was
22.7%. There was no significant correlation between age,
sex, BMI, clinical T-category, clinical N-category, and
location from the anal verge with pCR.

In this study, the 21.0% pCR rate obtained is consistent
with data reported in other studies (10%-30%) 1% CRT
and TME result in a poor-quality of life due to adverse
reactions to TME. The idea of the “watch and wait”
method was first proposed by Habr-Gama 'l and is based
on the idea that treatment strategy for LARC patients
should be chosen based on the stages after neoadjuvant
therapy. Studies have shown that LARC patients who
received cCR after chemoradiotherapy have better long-
term follow-up results with a “watch and wait” strategy.
However, other studies have reported that only 36% of
patients clinically evaluated as cCR achieve pCR after
surgery. Therefore, precise diagnosis of cCR patients is
important. Herein, we performed a large sample study to
explore the predictive ability of curative characteristics of

nCRT treatment efficacy and to define predictive factors
of complete remission.

Recently, studies have discussed the correlation
between CEA and treatment evaluation in rectal cancer.
Joye I et al. ™! reports that the pre-treatment CEA mean
level is statistically significant with pCR to nCRT (P =
0.04). Yinuo Tan er al.["® reported that the pCR rate was
22% in patients with pre-treatment CEA levels < 5 ng/
mL and 18% in patients with pre-treatment CEA levels
> 5 ng/mL. Kleiman et al ') demonstrate that post-CRT
CEA levels are significantly lower in LARC patients with
pCR (1.7 vs.2.4mg/L, P<0.01). These studies indicate that
both pre- and post-CRT CEA levels are strong predictors
of achieving pCR in LARC. Similarly, we found that low
pre- and post-nCRT CEA levels are significant predictors
of pCR. Furthermore, when stratified according to the
post-nCRT CEA level (10 ng/mL), the difference in
pCR rate between subgroups is significant (6.8% vs.
22.7%). Therefore, the “watch and wait” strategy is not
recommended if the LARC patients’ post-nCRT CEA
level is greater than 10 ng/mL after chemoradiotherapy.

Fewer studies have combined the predictive value of
the CEA level with the “watch and wait” strategy. This
has been associated with a lack of accuracy and sensitivity
of CEA in predicting the efficacy of nCRT in LARC. Other
studies have identified other predictors of the curative
effect of nCRT in LARC. Monguzzi L er al. ™ reported
that the apparent diffusion coefficient (ADC) value of
magnetic resonance diffusion-weighted imaging (DW-
MRI) could be used to predict the pathological grade of
nCRT. Jia H et al.*® reported a panel of metabolites used
to predict pathological response to nCRT in LARC. Zhang
J et al.? also found that the LARC assigner 3 classification
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Table 1 Baseline characteristics. Table 2 Surgical type and pathological results.

ltems n % ltems n %

Total 925 100.0 Total 925 100.0

Age (years) Surgery
<55 440 476 Miles 415 44.9
>55 485 52.4 Dixon 458 49.5

Sex Hartmann 52 5.6
Male 634 68.5 pCR
Female 291 315 Yes 194 21.0

BMI No 731 79.0
<18 38 41 ypT
18-25 640 69.2 ypTO 215 23.2
225 208 225 ypT1 33 3.6
Unknown or missing 39 42 ypT2 246 26.6

Clinical T-categary ypT3 413 446
cT2 29 3.1 ypT4 18 1.9
cT3 748 80.9 ypN
cT4 148 16.0 ypNO 587 63.5

Clinical N-categary ypN1 263 284
cNO 64 6.9 ypN2 75 8.1
cN+ 861 93.1 Note: yp, pathological staging after neoadjuvant therapy.

Location from anal verge (cm)
<5 501 54.2 Table 3 Relative risk for pCR.

CR>T5regimen 424 48 ltems RR P value
Cap +RT 354 38.3 Age (> 55 vs. < 55) 0.867 0.277
CapOx +RT 295 31.9 Sex (Female vs. Male) 0.976 0.858
Caplri + RT 276 29.8 BMI (= 25 vs. < 25) 1.250 0.261

Pre-nCRT CEA level® Clinical T (cT4 vs. cT2-3) 0.958 0.970
<5 517 55.9 Clinical N (cN+ vs. cNO) 1.039 0.977
>3 408 44.1 Location from anal verge (> 5cm vs. < 5cm)  0.958 0.755

Post-nCRT CEA level® (cutoff = 5) Pre-nCRT CEA level (> 5 vs. < 5) 0.596 <0.001
<5 708 76.5 Post-nCRT CEA level (> 5 vs. £5) 0.438 <0.001
>3 217 23.5 Post-nCRT CEA level (> 10 vs. < 10) 0.300 <0.001

Post-nCRT CEA level® (cutoff = 10) Note: RR, risk ratio
<10 822 88.9
>10 103 141 Table 4 Correlation between Post-nCRT CEA level and pCR.

Note: PCR__ Non-PCR

2 Pre-nCRT CEA level was defined as the CEA value within one week  Items . o, P value

before nCRT. - n_% n_%

> Post-nCRT CEA level was defined as the CEA value within one week ~ USIng 5 ng/mL as Cut-off value of CEA <0.001

before surgery. < 5ng/mL 171 242 537 75.8

Abbreviation: BMI, Body Mass Index; CRT, chemoradiotherapy; RT, >3 ng/mL 23 106 194 894

radiotherapy; N+, lymphatic metastasis. Using 10 ng/mL as Cut-off value of CEA <0.001

<10 ng/mL 187 22.7 635 77.3
could predict outcomes in LARC patients, and tumors > 10 ng/mL 768 96 932

identified as low-risk based on this classification had a
better prognosis.

This study had several limitations. First, this
retrospective study used data from only a single cancer
center, which may have led to selection bias. Second, we
only reported a correlation between CEA levels and a
PCR, but other associated serum tumor markers were not
completely collected. Lastly, our study did not analyze the
prognosis of patients who chose nonsurgical treatment
based on the CEA value.

Note: CEA refers to Post-nCRT CEA.

Conclusion

This study demonstrated that high serum CEA level
is an independent predictor for a lower rate of pCR in
locally advanced rectal cancer patients. This could
facilitate patient selection and aid clinicians to identify
patients who may benefit most from watch-and-wait
strategies. However, further prospective, randomized
large-scale studies are warranted to combine predictive
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factors to develop a multi-factor prediction model with a
more accurate prediction of complete remission.
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