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Carcinoembryonic antigen (CEA) affects tumorigenesis by enhancing tumor cell

survival and by inducing tumor angiogenesis. This study aimed to evaluate base-

line CEA serum levels to predict bevacizumab-based therapy effect and survival

in patients with metastatic colorectal cancer (mCRC). Two hundred and ninety

eight mCRC patients receiving chemotherapy plus either bevacizumab or

cetuximab were analyzed in a retrospective study. Disease control (DC), progres-

sion-free survival (PFS), and overall survival were assessed and related to pre-

treatment CEA serum levels. Patients with baseline CEA serum levels below the

statistical median of 26.8 ng ⁄mL (group I) were compared with patients with

higher CEA levels (group II). The cetuximab-based treatment cohort was analyzed

for specificity assessment of CEA to predict the anti-vascular endothelial growth

factor effect in mCRC. Baseline CEA serum levels inversely correlated with thera-

peutic response in patients receiving bevacizumab-based treatment (disease con-

trol rate, 84% vs 60%), inversely correlated with median PFS leading to a median

PFS benefit of 2.1 months for patients in group I when compared with group II,

as well as inversely correlated with median overall survival (37.5 months vs

21.4 months). In an independent cohort of 129 patients treated with cetuximab-

based therapy, no association of therapeutic response or PFS with CEA serum lev-

els was found. As expected, baseline CEA levels were prognostic for mCRC. These

data give first evidence that baseline serum CEA levels might constitute an

important predictor for the efficacy of first-line bevacizumab-based therapy in

patients with mCRC.

T he major angiogenic growth factor vascular endothelial
growth factor (VEGF) and its receptor-2 (VEGFR-2) have

become the focus of therapeutic intervention to block tumor
angiogenesis, which has led to improved prognosis in many
cancers including those originating from colon, lung, breast,
and kidney.(1–3) Although this has been found beneficial for
patients with particular tumors – albeit only for a limited dura-
tion of time – a substantial fraction of patients with cancer
proves to be finally resistant to VEGF-based therapies.(4–6)

This might lie in the fact that tumor angiogenesis is not only
induced by VEGF, but also by a variety of other pro-angio-
genic factors.(7) In this context, we recently described a hith-
erto unknown paracrine effect of the carcinoembryonic antigen
(CEA), which induces pro-angiogenic endothelial cell behavior
in vitro leading to enhanced tumor angiogenesis in vivo.(8)

Notably, the CEA-induced angiogenesis was VEGF indepen-
dent. Furthermore, CEA has been shown to affect tumor cell
behavior by preventing apoptosis upon cell detachment, so-
called anoikis, and by interfering with cell differentiation.(9,10)

Carcinoembryonic antigen, first identified in 1965 by Phil
Gold and Samuel O. Freedman,(11) is aberrantly upregulated
by as many as 70% of all human cancers. The measurement of

serum levels of the extracellular biomarker CEA is routinely
carried out for the monitoring of adenocarcinoma growth as
well as efficacy of its treatment.(12) Under physiologic condi-
tions, CEA – the product of the CEACAM5 gene(13) – is
mainly expressed on the apical surface of the gastrointestinal
epithelium, and only low amounts of soluble CEA (approxi-
mately ≤5 ng ⁄mL) can be detected in serum. It is highly up-
regulated by many different cancers and in >75% of patients
with metastatic colorectal cancer (mCRC).(12)

As CEA affects tumor cell biology and its microenviron-
ment, we hypothesized that CEA serum levels might predict
the response to anti-VEGF treatment in mCRC exerted by the
VEGF-targeting humanized mAb bevacizumab. Although the
antibody has been approved by the FDA in 2004 for the treat-
ment of mCRC when combined with chemotherapy, so far no
validated predictive factors for VEGF-targeted therapies have
been identified.(14) For this purpose, we retrospectively corre-
lated baseline serum CEA levels with disease stabilization
rates (DC), progression-free survival (PFS), as well as overall
survival (OS) in mCRC patients treated with bevacizumab-
based first-line therapy or, for the control, in mCRC patients
treated with cetuximab-based first-line therapy.
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Materials and Methods

Study design and patients. One hundred and sixty nine
patients with mCRC treated at our center with a bevacizumab-
based therapy were included in this study, all of whom met
the eligibility criteria: ≥18 years old; histologically confirmed
adenocarcinoma of the colon or rectum; metastatic disease
unsuitable for resection with curative intent; an Eastern Coop-
erative Oncology Group performance status <2; and adequate
organ function. The patients from our center received anti-
angiogenic therapy with bevacizumab (7.5 mg ⁄kg every
21 days or 5.0 mg ⁄kg every 14 days) plus standard chemother-
apy. The chemotherapy consisted of fluorouracil and leucovo-
rin or capecitabine in combination with either oxaliplatin
(FOLFOX, XELOX) or irinotecan (FOLFIRI, XELIRI), or
capecitabine alone (1250 mg ⁄m² b.i.d., days 1–14, every
3 weeks) at the oncologists’ discretion, treated from October
2004 to December 2009. Patients had to be naive to anti-
angiogenic therapies. The control cohort consisted of 129
patients with mCRC treated with cetuximab (400 mg ⁄m2 base-
line infusion on day 1 followed by 250 mg ⁄m2 weekly) plus
chemotherapy (FOLFOX6 or FOLFIRI) as previously pub-
lished.(15) The presence of KRAS mutations in codons 12 and
13 was determined by allele-specific real-time PCR assays
using validated methodology (DxS Ltd, Manchester, UK).(15)

This cohort was analyzed to assess the specificity of the pre-
dictive value of CEA for bevacizumab-based treatment regi-
ments in mCRC.

Carcinoembryonic antigen level assessment. Carcinoembry-
onic antigen baseline serum levels of patients with metastatic
colorectal cancer were centrally determined within 2 weeks
before the first cycle of bevacizumab-based treatment. The
CEA serum levels were measured with an Elecsys CEA elect-
rochemiluminescence assay on an Elecsys 2010 system (Roche
Diagnostics, Mannheim, Germany) and results were given as
ng ⁄mL.

Assessment of response. Assessment of response was deter-
mined according to the revised Response Evaluation Criteria
in Solid Tumours (RECIST) 1.1 criteria.(16) Disease control
rate was defined as the proportion of subjects with best overall
response, defined as either complete response, partial response,
or stable disease after 10 weeks minimum time from baseline.

Statistical methods. Objective treatment response was esti-
mated and associated exact two-sided 95% confidence limits
(Clopper–Pearson) were calculated. The time to progression or
death was defined as the time from randomization until the
first observation of disease progression or death due to any
cause (whichever occurred earlier). If a patient had no progres-
sion at the last follow-up visit or the death date was beyond
the last tumor assessment, time to progression ⁄death was cen-
sored on the date of last tumor assessment or randomization
(in case of no post-baseline tumor assessment). Overall sur-
vival was calculated from randomization until death. For
patients alive at the time of analysis or lost to follow-up, data
were censored at the time the patient was last determined to
be alive.
Many experts discourage from categorizing continuous vari-

ables such as the baseline serum CEA level before further sta-
tistical analysis.(17) Therefore, we have depicted the hazard of
progression at various CEA levels by Cox regression based on
fractional polynomials of CEA, which allows for a non-linear
dependency of the progression hazard on the baseline CEA
level.(18,19) Point-wise 95% confidence intervals (CI) for the
relative hazard have been calculated by bootstrap resampling

with 1000 repetitions. However, for description by cumulative
survival rates and objective treatment response rates, we have
stratified our study population at the sample median of the
bevacizumab group, which was 26.85 ng ⁄mL.
Response rates were compared between groups based on the

baseline serum CEA level using the v2-test.
Progression-free survival, given as the percentages of sub-

jects being alive and free of progression using RECIST crite-
ria, were calculated using the Kaplan–Meier method.(20) The
95% CI are based on standard errors obtained by Greenwood’s
formula. Groups were compared by the log–rank test. Similar
methods were applied to describe and compare the overall sur-
vival of the patients. All significance tests were performed
two-sided at a significance level of 0.05. The statistical soft-
ware system R (R development core team, Vienna, 2009;
www.r-project.org) was used for statistical analysis.

Results

Patients’ characteristics. One hundred and sixty nine patients
with mCRC received first-line bevacizumab-based treatment.
The characteristics of these patients are described in Table 1.
Carcinoembryonic antigen did not show any correlation with T
or N scoring (Spearman’s rho = 0.01, P = 0.934 and
rho = 0.03, P = 0.752, respectively). For descriptive purposes,

Table 1. Characteristics of patients with metastatic colorectal cancer

treated with bevacizumab, at baseline

Variable Bevacizumab

n 169

Sex

Female, n (%) 74 (43.8)

Male, n (%) 95 (56.2)

Age, years

Median (quartiles) 63 (58, 67)

CEA, ng ⁄mL

Median (quartiles) 26.8 (5.4, 120.3)

Primary tumor location, n (%)

Colon 89 (50.6)

Rectum 42 (23.9)

N ⁄A 38 (25.5)

Metastatic sites, n (%)

Intestine ⁄ bowel 7 (4.1)

Liver 127 (75.1)

Lung 65 (38.5)

Lymph nodes 22 (13.0)

Bone 5 (2.9)

T stage, n (%)

1 4 (5.4)

2 10 (10.6)

3 58 (61.7)

4 21 (22.3)

Unknown 75

N stage, n (%)

0 21 (23.3)

1 34 (37.8)

2 34 (37.8)

3 1 (1.1)

Missing 79

In patients with >1 metastasis per organ site, the organ site was
counted once only. CEA, Carcinoembryonic antigen; N ⁄A, not assessed
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we divided the patients into those with CEA levels at or below
the median of 26.8 ng ⁄mL (group I) and those above the med-
ian (group II). To assess the specificity of the findings for bev-
acizumab-based treatment, 129 mCRC patients treated with
cetuximab-based regimens were analyzed.

Carcinoembryonic antigen and DC. The DC assessed accord-
ing to RECIST criteria in bevacizumab-treated patients corre-
lated with CEA serum levels: DC occurred in 71 (84%) of the
85 patients in group I, and in 50 (60%) of the 84 patients in
group II (v2-test, i < 0.005: odds ratio, 0.579; 95% CI, 0.422–
0.795; P < 0.001) (Fig. 1).

Carcinoembryonic antigen and PFS. As shown in Figure 2 and
Table 2, the median PFS for patients receiving bevacizumab-
based treatment was 8.5 months in group I and 6.4 months in
group II (P = 0.023). One-year PFS rates were 24% (95% CI
15–36%) in group I, and 13% (95% CI 7–25%) in group II
(Table 2, Fig. 2a). The hazard ratio (HR) of group II versus
group I was 1.47 (95% CI, 1.05–2.05). This HR was virtually

unchanged if adjusted for T and N (HR, 1.47; 95% CI, 1.04–
2.09). Figure 2(b) depicts the hazard of progression at various
baseline serum CEA levels, relative to the median level of
26.8 ng ⁄mL. This analysis indicates the almost linear depen-
dency of the progression risk on the baseline serum CEA level.
Compared to the median level of 26.8 ng ⁄mL, patients with
CEA levels of >69 ng ⁄mL were at a significantly elevated risk
for progression. In contrast, the progression risk appeared to
be lower for patients with CEA levels lower than 26.8 ng ⁄mL,
but a significance level was not reached.

Carcinoembryonic antigen and OS. Median OS was
37.5 months in group I and 21.4 months in group II (P = 0.019).
The survival rates at 24 months were 62% (95% CI, 51–75%)
and 43% (95% CI, 32–58%), respectively (Fig. 3a). The HR of
group II versus group I was 1.71 (1.08–2.70). This HR was
virtually unchanged if adjusted for T and N (HR, 1.78; 95% CI,
1.11–2.85).
One hundred and eighteen patients (69.8%) were assessable

for analysis of subsequent treatments, whereby available data
were balanced between the low and high baseline CEA groups
(58 ⁄118 [49.15%] and 60 ⁄118 [50.85%], respectively). In both
groups, anti-EGFR antibodies (cetuximab or panitumumab)
were given in further line treatments (low CEA group, 41.37%;
high CEA group, 36.67%). No significant differences were
found in the number of subsequent treatment lines between low
and high baseline CEA patients: 31.0% and 10.3% of the low
CEA patients and 26.7% and 10.0% of the high CEA patient
group received a third- and ≥fourth-line therapy. Thus, subse-
quent treatment did not significantly affect the prognostic value
of CEA (P = 0.56).

Baseline CEA levels and cetuximab-based therapies in

mCRC. Several reports have described that elevated CEA base-
line levels might be prognostic.(21,22) Consistent with these
results, the current study confirms a prognostic role of baseline
CEA levels in mCRC patients treated with anti-VEGF-based
therapy. In order to analyze whether baseline CEA serum levels
simply reflect high tumor load, resulting in detrimental treatment
outcome, a separate cohort of 129 patients who received cetux-
imab-based chemotherapy was analyzed. Thereby, baseline CEA
serum levels (categorized at 26.8 ng ⁄mL) were not associated
with either DC (P = 0.281; Fig. 4a) or PFS (P = 0.221; Fig. 4b).
However, as expected, CEA was prognostic as the OS in cetux-
imab-treated patients with higher CEA levels was decreased

Fig. 1. Carcinoembryonic antigen (CEA) serum levels and treatment
response in patients with metastatic colorectal cancer receiving bev-
acizumab-based therapies. Disease control was defined as complete
remission, partial remission, or stable disease.

(a) (b)

Fig. 2. Bevacizumab-based therapies and progression-free survival (PFS) in patients with metastatic colorectal cancer. (a) Kaplan–Meier esti-
mates for PFS. Subgroups according to the baseline serum carcinoembryonic antigen (CEA) levels, categorized at the observed median of
26.8 ng ⁄mL. (b) Hazard of progression versus baseline CEA serum level, relative to the median baseline serum CEA level (26.8 ng ⁄mL) with
point-wise 95% confidence intervals.

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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(median survival 23.4 months for group I vs 16.7 months for
group II, P = 0.014; Fig. 4c).

Discussion

Etiological concepts on cancer development, malignant growth,
and tumor propagation have undergone a revolutionary devel-
opment during recent years. Among other aspects, the discov-
ery of angiogenesis, the growth of new blood vessels from
preexisting vasculature, as a key element in the pathogenesis
of malignancy(7) has opened an abundance of biologic insights
and subsequent therapeutic options, which have led to
improved prognosis in many cancers including those originat-
ing from colon, lung, breast, and kidney. As VEGF represents
the main pro-angiogenic stimulator,(23) it is currently in focus
for therapeutic interventions and has resulted in the registration
of bevacizumab by the FDA and European Medicines Agency
(EMA) for the treatment of mCRC(24) and other malignancies.
Nevertheless, the use of VEGF-targeting drugs has been shown
to be only effective for certain patients, who eventually
become resistant to these drugs.(5,6) However, indications exist
that certain subgroups of patients might benefit from long-term
bevacizumab therapies.(25) Thus, continuing attempts have
aimed to characterize biomarkers indicative for bevacizumab

efficacy in certain patient populations ultimately resulting in
targeted treatment strategies. This would not only ameliorate
overall treatment results, but also help in cost reduction when
treating patient populations with a certain disease entity. Only
a few biomarkers such as angiopoietin-2,(26) circulating levels
of short VEGF-A isoforms, soluble VEGFR-1,(27) or intramural
expression of VEGFR-2 or neuropilins(28) have so far been
proposed. However, theses markers need to be validated.
As new therapeutic options emerge, it is desirable to obtain

increased insights in molecular and tumor cell biology to opti-
mize and individualize therapy.(29) In this context, CEA has
been shown to affect tumor cell biology in an autocrine man-
ner, leading to increased cell survival and inhibition of tumor
cell differentiation.(30) Consistently, it was recently shown that
CEA injection led to an increase in metastasis formation in
mice.(31) In addition, we have previously observed a novel
functional role of CEA in endothelial cell activation and tumor
angiogenesis, effects that were induced in a paracrine man-
ner.(8) Thereby, CEA acted independently of the major angio-
genic growth factor VEGF. It was, therefore, tempting to
investigate whether CEA levels predict treatment effects in
anti-VEGF-based therapies. To address this assumption, we
have retrospectively analyzed the impact of initial CEA serum
levels on the clinical outcome of patients with mCRC treated
in our center with bevacizumab-based therapy combined with
cytotoxic drugs by a treatment interaction design.
So far, baseline CEA has only been identified to be a prog-

nostic marker in metastasized and non-metastasized CRC.(21,32)

This effect might partially be explained by the fact that high
tumor load is accompanied with higher CEA serum levels.
That baseline CEA levels are associated with prognosis was
consistently observed in our study; thereby, baseline CEA lev-
els were prognostic independent of the targeted treatment, in
anti-VEGF- as well as in anti- EGFR-treated patients. To
exclude that high tumor volume, however, is responsible for
the treatment efficacy in mCRC, we included a control cohort
of mCRC patients with comparable baseline characteristics.

Fig. 3. Kaplan–Meier estimates for overall survival in patients with
metastatic colorectal cancer treated with bevacizumab, grouped
according to baseline serum carcinoembryonic antigen (CEA) level
(CEA ≤26.8 ng ⁄mL vs CEA >26.8 ng ⁄mL).

Table 2. Progression-free survival (PFS) and overall survival (OS)

patients with metastatic colorectal cancer treated with bevacizumab,

grouped according to serum carcinoembryonic antigen (CEA) level

PFS in CEA populations

Median survival, months Bevacizumab

CEA ≤26.8 ng ⁄mL 8.5 months

CEA >26.8 ng ⁄mL 6.4 months

P-value in group 0.023

Survival rate in per cent

(95% CI)

CEA≤26.8 ng ⁄mL CEA >26.8 ng ⁄mL

3 months 89 (83–96) 76 (68–86)

6 months 68 (59–79) 54 (44–67)

9 months 47 (37–60) 27 (19–40)

12 months 24 (15–36) 13 (7–25)

T stage, hazard ratio

(95% CI)

0.89 (0.66–1.22)

P = 0.465

N stage, hazard ratio

(95% CI)

1.18 (0.85–1.62)

P = 0.325

OS in CEA populations

Median survival, months Bevacizumab

CEA ≤26.8 ng ⁄mL 37.5 months

CEA >26.8 ng ⁄mL 21.4 months

P-value in group 0.019

Survival rate in per cent

(95% CI)

CEA ≤26.8 ng ⁄mL CEA >26.8 ng ⁄mL

6 months 92 (86–98) 89 (82–96)

12 months 81 (73–90) 68 (58–79)

18 months 69 (59–81) 57 (47–70)

24 months 62 (51–75) 43 (32–58)

T stage, hazard ratio

(95% CI)

1.05 (0.70–1.58)

P = 0.803

N stage, hazard ratio

(95% CI)

1.46 (0.97–2.20)

P = 0.068

Median time and survival rates are based on Kaplan–Meier estimates.
CI, confidence interval.
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The cetuximab-based cohort, published in a previous commu-
nication,(15) was evaluated for CEA and treatment efficacy and
compared to the bevacizumab cohort. The negative results in
the control cohort revealed that baseline CEA levels were only
predictive for bevacizumab-based treatment, suggesting CEA
as a specific marker of response and PFS for anti-VEGF treat-
ment in mCRC. A treatment cohort characterized by chemo-
therapy alone with lack of an antibody addition was not
available in our center, because targeted therapies in the first-
line setting have been widely used since 2005. Patients treated
before 2005 received different chemotherapy treatment regi-
mens including bolus 5-fluouracil, which prevented these
patients forming a control group. The control group used in
our study, cetuximab plus chemotherapy, also had some limita-
tions as in this group every patient received a doublet chemo-
therapy as a backbone to anti-EGFR. In the bevacizumab
cohort, 39% had fluoropyrimidine alone plus bevacizumab,
which might explain the difference in PFS. However, this did
not affect the predictive value of baseline CEA in the bev-
acizumab cohort.
In our study, we used a categorization of CEA levels at

the statistical median of 26.8 ng ⁄mL for descriptive pur-
poses. In the present analysis, a statistical median level of
CEA 26.8 ng ⁄mL was the cut-off for bevacizumab-respond-
ers with a favorable prognosis for patients with a CEA level
below 26.8 ng ⁄mL. However, analysis of the progression
risk with CEA as a continuous variable did not suggest a

natural candidate cut-off level. Rather, the progression risk
was continuously increasing with increasing CEA levels.
Although our study has some methodological limitations, the
data suggest that CEA as a classic biomarker with intrinsic
activity on tumor cells and tumor microenvironment might
predict therapeutic response towards anti-VEGF therapy in
mCRC.
As we have recently shown that CEA is capable of inducing

endothelial cell activation in the presence of VEGF inhibi-
tors,(8) it is tempting to speculate that high CEA levels might
functionally bypass anti-VEGF antibody treatment regimens.
Although not shown here, our data on baseline CEA levels in
predicting treatment response towards anti-VEGF are consis-
tent with this hypothesis. Expression of CEA can be induced
by inflammation or tobacco smoking, however, serum levels
observed under these conditions do not usually exceed 5 ng
⁄mL, which makes it unlikely that this affects the predictive
value of CEA in anti-VEGF treatment.
The data presented here provide the first evidence that the

canonical biomarker CEA, which is used for monitoring tumor
growth of adenocarcinomas as well as treatment efficacy,
might have not only a biological role, but could provide a pre-
dictive function for anti-VEGF-based combination therapies.
The described effects of CEA on treatment outcome were
obviously limited to bevacizumab-based treatment and were
independent from various degrees of metastatic spread, as
observed in a separately analyzed cohort of 129 patients who

(a)

(b) (c)

Fig. 4. Baseline serum carcinoembryonic antigen
(CEA) levels and cetuximab-based therapies
in patients with metastatic colorectal cancer.
(a) Disease control was defined as complete
remission, partial remission, or stable disease; CEA
groups in the cetuximab population according
baseline serum CEA (≤26.8 ng ⁄mL vs >26.8 ng ⁄mL).
(b) Kaplan–Meier estimates for progression-free
survival (PFS). Subgroups according to the baseline
serum CEA levels, categorized at 26.8 ng ⁄mL.
(c) Kaplan–Meier estimates for overall survival (OS)
by CEA group in cetuximab population (CEA
≤26.8 ng ⁄mL vs CEA >26.8 ng ⁄mL).

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
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received cetuximab-based chemotherapy as a first-line treat-
ment.
We thus conclude that baseline CEA serum levels might rep-

resent a first step in optimizing and individualizing anti-
angiogenic therapies with bevacizumab-based treatment in
mCRC to maximize patient benefit and prevent an ineffective
treatment with potential side-effects. Following the present ret-
rospective analysis, further studies to replicate our findings as
well as a prospective validation are needed to finally translate
this marker into clinical practice.
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