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Abstract

Background: Carcinoembryonic antigen (CEA) levels are used in conjunction with imaging to monitor response to systemic
therapy in metastatic colorectal cancer (mCRC). We sought to identify a threshold for CEA change from baseline to predict
progressive disease (PD) in mCRC patients receiving first-line therapy.
Methods: Patients from trials collected in the ARCAD database were included if baseline CEA was at least 10 ng/mL and
repeat CEA was available within 14 days of first restaging scan. Optimal cutoffs for CEA change were identified by receiver
operating characteristic analysis. Prediction performance of cutoffs was evaluated by sensitivity, specificity, and negative
predictive value. Analyses were conducted by treatment class: chemotherapy alone, chemotherapy with anti-VEGF antibody,
and chemotherapy with anti-EGFR antibody.
Results: A total of 2643 mCRC patients treated with systemic therapy were included. Median percent change of CEA from
baseline to first restaging for patients with complete response, partial response, or stable disease (non-PD) and PD was
�53.1% and þ23.6% for chemotherapy alone (n¼957) and �71.7% and �45.3% for chemotherapy with anti-VEGF antibody
(n¼1355). The optimal area under the curve cutoff for differentiating PD from non-PD on first restaging was �7.5% for chemo-
therapy alone and �62.0% for chemotherapy with anti-VEGF antibody; chemotherapy alone, adjusted odds ratio ¼ 6.51 (95%
CI ¼ 3.31 to 12.83, P< .001), chemotherapy with anti-VEGF antibody, adjusted odds ratio ¼ 3.45 (95% CI ¼ 1.93 to 6.18, P< .001).
A 99% negative predictive value clinical cutoff for prediction of non-PD would avoid CT scan at first restaging in 21.0% of che-
motherapy alone and 16.2% of chemotherapy with anti-VEGF antibody–treated patients. Among patients with stable disease
on first restaging, those with decreased CEA from baseline had statistically significantly improved progression-free and over-
all survival.
Conclusions: Change in CEA from baseline to first restaging can accurately predict non-progression and correlates with long-
term outcomes in patients receiving systemic chemotherapy.

The prognosis of metastatic colorectal cancer (mCRC) has im-
proved over the past 20 years because of improvements in sys-
temic therapies (1). First-line treatment for mCRC includes
fluorouracil-based chemotherapy in combination with anti-
vascular endothelial growth factor (VEGF) or anti-epidermal

growth factor receptor (EGFR) antibodies when appropriate (2).
In clinical practice, one of the primary objectives of disease
management is to identify disease progression during systemic
therapy at the earliest time point and to modify the treatment
regimen.
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Carcinoembryonic antigen (CEA) is a glycoprotein involved
in cell adhesion that is elevated in fetal development but pre-
sent at low levels in the blood of healthy adults and is elevated
in approximately two-thirds of CRC patients (2,3). CEA has low
sensitivity and specificity for diagnosis of CRC because other
non-malignant conditions and environmental exposures can
falsely elevate CEA (2,3). Guidelines recommend against use of
CEA as a screening or diagnostic tool for CRC (2–4). However,
CEA is often used for prognostication before resection of local-
ized CRC as well as postoperative surveillance (2–4). In conjunc-
tion with diagnostic imaging, CEA is also used to indirectly
monitor response to systemic therapy in mCRC patients.

Several small studies (n< 140) have addressed correlation
between CEA and response to systemic chemotherapy (5–10).
These studies suggest that CEA may be enough to evaluate re-
sponse to chemotherapy and limit the need for imaging.
However, no study to date has identified a threshold for change
in CEA that can be used to identify patients with mCRC who are
progressing on systemic therapy.

Patients and Methods

Patients

Patients were identified from the ARCAD database of pooled in-
dividual data from first-line prospective, controlled, random-
ized clinical trials of systemic chemotherapy with or without

targeted therapy in mCRC patients (11). Additional eligibility cri-
teria included baseline CEA of at least 10 ng/mL before initiation
of treatment and CEA levels available at time of first restaging
scan along with RECIST 1.0 response. Restaging scans were re-
quired to be within 3 weeks of protocol-specified schedule and
CEA within 14 days of restaging scan. Patients gave written in-
formed consent at time of enrollment on trials. The current ret-
rospective analyses were approved by the Mayo Clinic
Institutional Review Board.

Objectives

The primary aim was to investigate whether change in CEA
from baseline (before treatment initiation) to time of first
restaging scan could predict progressive disease (PD) vs stable
disease, partial response (PR), or complete response per RECIST
1.0 criteria on the first restaging scan in patients receiving first-
line therapy for mCRC (12). We aimed to identify a threshold for
percent change in CEA from baseline to first restaging scan to
predict disease control status. We also identified the number of
restaging scans that could be avoided using a threshold for CEA
increase or reduction to identify progression or non-progres-
sion, respectively.

Secondary aims included evaluating the association be-
tween CEA change at first restaging and long-term patient out-
comes; evaluating CEA change in patients with radiographic
stable disease as a predictor of progression-free survival (PFS) or

Table 1. Baseline patient demographics and clinical characteristics (n¼ 2643 patients)*

Characteristics Chemoþanti-EGFR (n ¼ 331) Chemoþanti-VEGF (n ¼ 1355) Chemo (n ¼ 957) Total (n ¼ 2643)

Age at enrollment, years
Median 63.0 59.0 62.0 61.0
Range 27.0–81.0 20.0–86.0 24.0–82.0 20.0–86.0

ECOG performance status, n (%)
Unknown 0 1 0 1
0 179 (54.1) 776 (57.3) 513 (53.6) 1468 (55.6)
1 135 (40.8) 569 (42.0) 396 (41.4) 1100 (41.6)
2þ 17 (5.1) 9 (0.7) 48 (5.0) 74 (2.8)

Sex, n (%)
Female 115 (34.7) 564 (41.6) 380 (39.7) 1059 (40.1)
Male 216 (65.3) 791 (58.4) 577 (60.3) 1584 (59.9)

CEA at baseline, ng/mL
Median 113.5 94.8 99.8 98.5
Range 10.3–19 000.0 10.0–61 250.0 10.0–23 800.0 10.0–61 250.0

CEA at first restaging, ng/mL
Median 23.7 24.4 46.0 32.0
Range 0.2–5660.4 0.0–27 800.0 0.7–13 610.0 0.0–27 800.0

RECIST at first restaging, n (%)
CR 1 (0.3) 4 (0.3) 1 (0.1) 6 (0.2)
PR 144 (43.5) 420 (31.0) 352 (36.8) 916 (34.7)
Stable disease 168 (50.8) 877 (64.7) 537 (56.1) 1582 (59.9)
PD 18 (5.4) 54 (4.0) 67 (7.0) 139 (5.3)

Study, n (%)
OPTIMOX1 0 (0.0) 0 (0.0) 274 (28.6) 274 (10.4)
OPTIMOX2 0 (0.0) 0 (0.0) 115 (12.0) 115 (4.4)
PACCE (C249) 0 (0.0) 186 (13.7) 0 (0.0) 186 (7.0)
PRIME (C203) 331 (100.0) 0 (0.0) 333 (34.8) 664 (25.1)
AGITG (MAX) 0 (0.0) 117 (8.6) 52 (5.4) 169 (6.4)
HORIZON II 0 (0.0) 351 (25.9) 183 (19.1) 534 (20.2)
HORIZON III 0 (0.0) 701 (51.7) 0 (0.0) 701 (26.5)

*CEA ¼ carcinoembryonic antigen; CR ¼ complete response; ECOG ¼ Eastern Cooperative Oncology Group; EGFR ¼ epidermal growth factor receptor; PD ¼ progressive

disease; PR ¼ partial response; VEGF ¼ vascular endothelial growth factor.
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overall survival (OS); and evaluating accuracy of CEA thresholds
at predicting stable disease, PR, or complete response (ie, non-
PD) on the second restaging scan.

Statistical Analysis

Analyses were conducted separately by treatment class: chemo-
therapy alone; chemotherapy þ anti-VEGF antibody; and, che-
motherapy þ anti-EGFR antibody. Within each treatment class,
box plots were used to visualize the correlation between per-
centage change in CEA and RECIST response and logistic regres-
sion with smoothing splines. The cutoff for percentage change
in CEA was selected using two approaches. Optimal cutoff was
determined by receiver operating characteristic analysis to
maximize the Youden index (ie, sensitivity þ specificity � 1). In
addition, a clinical cutoff associated with 99% negative pre-
dicted value (NPV) was determined. NPV measures the percent-
age of true non-progressions among those who are predicted to
have non-PD. Using each of the above two criteria, the predic-
tion performance of the selected cutoffs was evaluated by sensi-
tivity, specificity, positive predicted value, and NPV. Moreover,
adjusted odds ratios (ORadj) and the corresponding 95% confi-
dence intervals (CIs) were estimated using the logistic regres-
sion model. Analysis results were validated using the
bootstrapping method. Multivariable logistic models were used
to assess associations after adjusting for age, sex, Eastern
Cooperative Oncology Group performance status, and prior che-
motherapy. OS was defined as time from randomization to
death due to any cause. PFS was defined as time from randomi-
zation to progression or death due to any cause, whichever oc-
curred first. The distributions of time-to-event outcomes were
estimated using Kaplan-Meier methods and compared between
CEA change below and above the cut point using stratified log-
rank test by treatment arm. Hazard ratios and 95% confidence
intervals were estimated using Cox proportional hazards model.
Multivariable Cox proportional hazards models were used to as-
sess adjusted associations, with adjustment for the same con-
founding factors indicated above in the multivariable logistic
models. All analyses were conducted using two-sided tests with
a statistical significance level of .05.

Results

Descriptive Statistics

This is a pooled analysis of 2643 patients identified from seven
clinical trials completed between January 10, 2000, and August
19, 2008 (Table 1; Supplementary Figure 1) (13–19).

Classification of the study population based on treatment type
is shown in Table 1. Timing of first restaging scan from time of
randomization varied across trials (6 weeks: AGITG, HORIZON
II; 8 weeks: OPTIMOX 1, OPTIMOX 2, PRIME, HORIZON III;
12 weeks: PACCE). Results from patients treated with chemo-
therapy in combination with anti-EGFR antibody are shown in
Supplementary Figures 2–4 and Supplementary Tables 1–3.
Results from patients treated with chemotherapy with anti-
VEGF plus anti-EGFR antibodies are not included because of
small sample size and because this combination is not
recommended.

Predicting Response to First-Line Treatment at Time of
First Restaging Using CEA

Because of known differences in response kinetics between che-
motherapy and targeted therapies, we analyzed outcomes
based on treatment type. We found that CEA shows predicted
value of PD vs non-PD among patients treated with chemother-
apy alone (AUC¼ 0.79) or chemotherapy with anti-VEGF anti-
body (AUC¼ 0.72) (Table 2).

For patients receiving chemotherapy alone (n¼ 957), median
percent change in CEA from baseline to first restaging scan was
�53.1% for patients with non-PD and þ23.6% for patients with
PD (Figure 1A, top). Based on AUC cutoff, CEA reduction by at
least 7.5% differentiated between PD and non-PD with sensitivity
of 71.6% (95% CI ¼ 59.3% to 82.0%) and specificity of 76.2% (95%
CI ¼ 73.2% to 78.9%) (Figure 1B, top; Figure 1D, top; Table 2).
Using this cutoff, PD could be excluded in 97.3% (95% CI ¼ 95.8%
to 98.4%) of patients and 72.8% of CT scans could be avoided.
Patients with an increase in CEA or CEA decrease less than 7.5%
from baseline had a 4.7% probability of PD compared with 2.3%
in patients with a decrease from baseline greater than 7.5%
(ORadj ¼ 6.51, 95% CI ¼ 3.31 to 12.83, P< .001). Based on 99% NPV
clinical cutoff, with a CEA decrease of at least 79.4%, PD could be
excluded in 99.0% (95% CI ¼ 96.5% to 99.9%) of patients and
21.0% of CT scans could be avoided (Figure 1B, bottom; Figure 1D,
bottom; Table 2). Patients with an increase in CEA or CEA de-
crease less than 79.4% from baseline had a 6.6% probability of PD
compared with 0.3% in patients with a decrease from baseline
greater than 79.4% (ORadj ¼ 4.98, 95% CI ¼ 1.18 to 21.02, P¼ .03).

For patients receiving chemotherapy in combination with
anti-VEGF antibody (n¼ 1355), median percent change in CEA
from baseline to first restaging was �71.7% for patients with
non-PD and �45.3% for patients with PD (Figure 1A, bottom).
Based on AUC cutoff, a CEA reduction by at least 62% differenti-
ated between PD and non-PD with a sensitivity of 66.7% (95% CI
¼ 52.5% to 78.9%) and specificity of 63.6% (95% CI ¼ 60.9% to

Table 2. PD prediction by percent change in CEA at first restaging scan for patients treated with chemotherapy alone or chemotherapy þ anti-
VEGF antibody

PD prediction by CEA Change in CEA, % AUC Sensitivity, % Specificity, % NPV, % CT scans avoided, %

Cutoff by optimal AUC
Chemo �7.5 0.79 71.6 76.2 97.3 72.8
Chemoþanti-VEGF �62.0 0.72 66.7 63.6 97.9 62.4

Cutoff by 99% NPV
Chemo �79.4 0.79 97.0 22.4 99.0 21.0
Chemoþanti-VEGF �88.7 0.72 96.3 16.7 99.1 16.2

*AUC ¼ area under curve; CEA ¼ carcinoembryonic antigen; CT ¼ computed tomography; NPV ¼ negative predicted value; PD ¼ progressive disease; VEGF ¼ vascular

endothelial growth factor.
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(a)

(c) (d) (e)

(b)

Figure 1. Using carcinoembryonic antigen (CEA) to predict response to first-line treatment at time of first restaging. A) Percent change from baseline CEA to first restag-

ing scan in patients treated with chemotherapy alone (top) and chemotherapy þ anti-vascular endothelial growth factor (VEGF) antibody (bottom). B) Waterfall plots

demonstrating predicted and observed response using CEA cutoffs identified with area under the curve (AUC) method (top) and the 99% negative predicted value (NPV)

method (bottom) in patients treated with chemotherapy alone. C) Waterfall plots demonstrating predicted and observed response using CEA cutoffs identified with

AUC method (top) and the 99% NPV method (bottom) in patients treated with chemotherapy þ anti-VEGF antibody. D) Receiver operating characteristic (ROC) curves

with AUC method (top) and the 99% NPV method (bottom) in patients treated with chemotherapy alone. E) ROC curves with AUC method (top) and the 99% NPV method

(bottom) in patients treated with chemotherapy þ anti-VEGF antibody. All tests were two-sided. CR ¼ complete response; PD ¼ progressive disease; PR ¼ partial re-

sponse; SD ¼ stable disease.
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(a)

(b)

Figure 2. Correlating carcinoembryonic antigen (CEA) change at first restaging with long-term outcomes. A) Association between magnitude of change in CEA at first

restaging with long-term outcomes of patients treated with chemotherapy alone. B) Association between magnitude of change in CEA at first restaging with long-term

outcomes of patients treated with chemotherapy þ anti-vascular endothelial growth factor (VEGF) antibody .
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66.2%) (Figure 1C, top; Figure 1E, top; Table 2). Using this cutoff,
PD could be excluded in 97.9% (95% CI ¼ 96.7% to 98.7%) of
patients and 62.4% of CT scans could be avoided. Patients with
an increase in CEA or CEA decrease less than 62% from baseline
had a 2.7% probability of PD compared with 1.3% in patients
with a decrease from baseline greater than 62% (ORadj ¼ 3.45,
95% CI ¼ 1.93 to 6.18, P< .001). Based on 99% NPV clinical cutoff,
with a CEA decrease of at least 88.7%, PD could be excluded in
99.1% (95% CI ¼ 96.7% to 99.9%) of patients and 16.2% of CT
scans could be avoided (Figure 1C, bottom; Figure 1E, bottom;
Table 2). Patients with an increase in CEA or CEA decrease less
than 88.7% from baseline had a 3.8% probability of PD compared
with 0.2% in patients with a decrease from baseline greater than
88.7% (ORadj ¼ 4.62, 95% CI ¼ 1.11 to 19.20, P¼ .04). These find-
ings were validated using the bootstrapping method; results are
summarized in Supplementary Tables 2 and 3. Moreover, the
impact of the baseline CEA level was evaluated as a covariate in
multivariable analysis and was not statistically significant for
any of the treatments (data not shown).

Correlating CEA Change at First Restaging With Long-
Term Outcomes

To better understand the prognostic implications of kinetics
of CEA change, we analyzed the association between magni-
tude of change in CEA from baseline to first restaging with
long-term outcomes of mCRC patients treated with first-line
systemic therapy. For patients receiving chemotherapy alone
(n¼ 957), those with a CEA decrease by at least 7.5% (based on
AUC cutoff) had statistically significantly improved PFS (9.0
months, 95% CI ¼ 8.5 to 9.4 months vs 5.6 months, 95% CI ¼
5.2 to 5.9 months, P< .001) and OS (21.7 months, 95% CI ¼ 20.6
to 23.1 months vs 13.5 months, 95% CI ¼ 12.2 to 15.6 months,
P< .001) compared with those with an increase in CEA or CEA
decrease less than 7.5% (Figure 2A, top). Patients with a CEA
decrease by at least 79.4% (based on 99% NPV clinical cutoff)
had statistically significantly improved PFS (11.0 months, 95%
CI ¼ 9.9 to 12.0 months vs 7.4 months, 95% CI ¼ 7.0 to 7.8
months, P< .001) and OS (26.6 months, 95% CI ¼ 23.7 to 30.8

Figure 3. Carcinoembryonic antigen (CEA) dynamics as a predictor of long-term outcomes in patients with stable disease on first restaging. Association between CEA

change at first restaging and long-term outcomes of patients treated with chemotherapy alone (top) or chemotherapy þ anti-vascular endothelial growth factor (VEGF)

antibody (bottom) who had stable disease on the first restaging scan.
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months vs 17.1 months, 95% CI ¼ 16.3 to 18.2 months,
P< .001) compared with those with an increase in CEA or CEA
decrease less than 79.4% (Figure 2A, bottom). For patients re-
ceiving chemotherapy with anti-VEGF antibody (n¼ 1355),
those with a CEA decrease by at least 62% (based on AUC cut-
off) had statistically significantly improved PFS (10.8 months,
95% CI ¼ 10.3 to 11.0 months vs 8.3 months, 95% CI ¼ 8.1 to
8.5 months, P< .001) and OS (22.1 months, 95% CI ¼ 20.9 to
24.0 months vs 16.1 months, 95% CI ¼ 15.0 to 18.4 months;
P< .001) compared with those with an increase in CEA or CEA
decrease less than 62% (Figure 2B, top). Patients with a CEA
decrease of at least 88.7% (based on 99% NPV clinical cutoff)
from baseline had statistically significantly improved PFS (11.1
months, 95% CI ¼ 10.8 to 11.7 months vs 9.0 months, 95% CI
¼ 8.7 to 9.6 months, P< .001) and OS (29.0 months, 95% CI ¼
24.0 to 34.7 months vs 19.1 months, 95% CI ¼ 17.8 to 20.4
months, P< .001) compared with those with an increase in
CEA or CEA decrease less than 88.7% (Figure 2B, bottom).

CEA Dynamics as a Predictor of Long-Term Outcomes in
Patients With Stable Disease on First Restaging

To better understand the prognostic implications of discordant
CEA responses in patients with identical RECIST responses, we
analyzed the association between CEA dynamics and long-term
outcomes of mCRC patients with stable disease on first restag-
ing scan during first-line treatment. For patients receiving che-
motherapy alone (n¼537), those with a CEA decrease from
baseline had statistically significantly improved PFS (8.3
months, 95% CI ¼ 8.0 to 8.9 months vs 5.9 months 95% CI ¼ 5.5
to 6.7 months, P< .001) and OS (20.5 months, 95% CI ¼ 18.6 to
21.9 months vs 14 months, 95% CI ¼ 12.4 to 16.9 months,
P< .001) compared with patients with a CEA increase from base-
line (Figure 3, top). For patients receiving chemotherapy with
anti-VEGF antibody (n¼ 877), those with a CEA decrease from
baseline had statistically significantly improved PFS (9.4
months, 95% CI ¼ 8.8 to 10.2 months vs 7.3 months, 95% CI ¼ 5.9
to 8.5 months, P< .001) and OS (20.0 months, 95% CI ¼ 18.3 to
21.9 months vs 11.9 months, 95% CI ¼ 10.4 to 16.1 months,
P< .001) compared with patients with an increase in CEA from
baseline (Figure 3, bottom).

Predicting Response to First-Line Treatment at Time of
Second Restaging Using CEA

To further validate the identified CEA thresholds, we evaluated
the AUC CEA cutoffs at the time of the second restaging.
Because of lack of longitudinal data availability, data from 215
patients were analyzed at the second restaging. The compari-
son of baseline patient demographics between patients who
were included and excluded (due to lack of data availability) for
the second scan analysis is summarized in Supplementary
Table 4 (for patients receiving chemotherapy alone) and
Supplementary Table 5 (for patients receiving chemotherapy
with anti-VEGF antibody); there were no statistically significant
differences between the two populations. We found that CEA
showed a predicted value of PD vs non-PD among patients
treated with chemotherapy alone (AUC¼ 0.83) or chemotherapy
with anti-VEGF antibody (AUC¼ 0.77) (Supplementary Table 6).

For patients receiving chemotherapy alone (n¼ 115), based
on AUC cutoff, CEA reduction by at least 51.3% differentiated be-
tween PD and non-PD with a sensitivity of 81.1% (95% CI ¼
68.0% to 90.6%) and specificity of 79.0% (95% CI ¼ 66.8% to 88.3%)

(Supplementary Table 6). Using this cutoff, PD could be excluded
in 83.1% (95% CI ¼ 71.0% to 91.6%) of patients and 51.3% CT
scans could be avoided. Patients with an increase in CEA or CEA
decrease less than 51.3% from baseline had a 41.5% probability
of PD compared with 9.2% in patients with a decrease of at least
51.3% from baseline (ORadj ¼ 61.69, 95% CI ¼ 8.56 to 444.52,
P< .001). Meanwhile, for patients receiving chemotherapy in
combination with anti-VEGF antibody (n¼ 100), based on AUC
cutoff, a CEA reduction by at least 60.9% differentiated between
PD and non-PD with a sensitivity of 66.0% (95% CI ¼ 50.7% to
79.1%) and specificity of 73.6% (95% CI ¼ 59.7% to 84.7%)
(Supplementary Table 6). Using this cutoff, PD could be excluded
in 70.9% (95% CI ¼ 57.1% to 82.4%) of patients and 55% CT scans
could be avoided. Patients with an increase in CEA or CEA de-
crease of less than 60.9% from baseline had a 31% probability of
PD compared with 16% in patients with a decrease from base-
line of greater than 60.9% (ORadj ¼ 6.06, 95% CI ¼ 2.44 to 15.06,
P< .001).

For patients receiving chemotherapy alone (n¼ 115), based
on a 99% NPV clinical cutoff, CEA reduction by at least 98.5%
differentiated between PD and non-PD with a sensitivity of
100% (95% CI ¼ 93.3% to 100.0%) and specificity of 3.2% (95%
CI ¼ 0.4% to 11.2%) (Supplementary Table 6). Using this cutoff,
PD could be excluded in 100% (95% CI ¼ 15.8% to 100.0%) of
patients and 1.7% of CT scans could be avoided. Meanwhile,
for patients receiving chemotherapy in combination with anti-
VEGF antibody (n¼ 100), based on a 99% NPV clinical cutoff,
CEA reduction by at least 98.9% differentiated between PD and
non-PD with a sensitivity of 100% (95% CI ¼ 92.5% to 100.0%)
and specificity of 1.9% (95% CI ¼ 0.0% to 10.1%)
(Supplementary Table 6). Using this cutoff, PD could be ex-
cluded in 100% (95% CI ¼ NA) of patients and 1.0% of CT scans
could be avoided.

Discussion

In this study, we demonstrate that change in CEA from baseline
to first restaging can accurately predict non-PD in mCRC
patients receiving first-line systemic chemotherapy, either
alone or in combination with anti-VEGF antibody. Our findings
underscore the prognostic implications of CEA change kinetics
during treatment. In both treatment groups (chemotherapy and
anti-VEGF), patients who met the threshold for CEA decrease
based on AUC or 99% NPV clinical cutoffs had statistically signif-
icantly improved PFS and OS compared with patients who did
not meet the identified thresholds. Furthermore, we identified
different long-term outcomes for patients with discordant CEA
responses in the setting of identical RECIST stable disease re-
sponse at first restaging. The utility of CEA to predict non-PD
decreased on the second restaging compared with the first
restaging, with lower NPV and fewer CT scans avoided.

There have been several smaller studies (n< 140) that have
addressed the correlation of CEA with disease response to sys-
temic chemotherapy in mCRC (5–10). Hanke et al. examined the
diagnostic accuracy of CEA in 85 mCRC patients compared with
objective response by WHO criteria (5). CEA was found to be ele-
vated (�10 ng/mL) in 51% of patients, and a CEA increase of at
least 50% differentiated between PD and disease control with a
sensitivity of 76% and specificity of 90%. With CEA decreases
from baseline of at least 30%, PD could be excluded in 99%
patients. Similarly, Ward et al. measured CEA levels in 33
patients (6). CEA was elevated in 85% patients at baseline, and it
correlated with disease control status with positive predicted
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value of 54% and 100% for PR and PD, respectively. They con-
cluded that although decreasing levels of tumor markers over-
estimate the number of responses demonstrated by imaging,
increasing tumor markers accurately predict PD. Finally, de
Haas et al. studied 113 patients with mCRC to the liver undergo-
ing preoperative chemotherapy and found that 94% of patients
with radiologic response or stabilization had similar biological
evolution for CEA and 95% of patients with radiologic progres-
sion had similar biological evolution of CEA (8).

Our findings suggest that CEA reduction performs better for
prediction of non-PD in mCRC patients treated with chemother-
apy alone compared with anti-VEGF–treated patients. In particu-
lar, median change in CEA to first restaging scan in patients with
PD was notably different with chemotherapy (23.6%) compared
with anti-VEGF–treated patients (�45.3%). This may reflect differ-
ences in imaging response characteristics with use of anti-VEGF
agents. Prior studies have reported lack of association between
outcomes and radiological response in mCRC patients treated
with anti-VEGF antibodies (20,21). In addition to size, morpholog-
ical criteria (including tumor attenuation and interface between
normal-tumor tissues) may aid in reliable response assessment
(22). Our findings suggest that evaluation of CEA along with the
imaging characteristics may be beneficial in the assessment of
response to regimens containing anti-VEGF agents. Since chemo-
therapeutic agents, including 5-fluorouracil, which was part of
the chemotherapy backbone for all seven trials included in this
study, can increase CEA expression and shedding (23), an alter-
native explanation for the findings could be that anti-VEGF treat-
ment may attenuate CEA expression or shedding by tumor cells,
as proposed previously by others (24). In comparing the use of
CEA at first restaging vs second restaging, the NPV of identified
AUC CEA cutoffs and the percentage of CT scans that could be
avoided favored the first restaging time point. These findings
suggest that the utility of CEA to predict non-PD decreases with
increasing time on the same treatment regimen.

There are clear advantages of CEA over imaging studies, be-
cause it is inexpensive; requires only a blood draw, thus avoid-
ing unnecessary radiation exposure; and does not require
subjective interpretation. The proposed cutoffs for identifying
non-PD, in whom CT scans can be avoided, represents a value-
based approach to disease monitoring by which health-care
resources may be more efficiently utilized. To realize its health
economic benefit, CEA could be checked at the start of the che-
motherapy cycle before the anticipated time of the routine
restaging scan to allow sufficient time for oncologists to deter-
mine whether the restaging scan can be safely omitted based
on CEA change and allow the scanning slot to be reallocated to
another patient. The results of this study are applicable only to
patients with unresectable metastatic disease; any patients
with potentially resectable metastatic disease should undergo
routine restaging scans to determine eligibility for local treat-
ment modalities, including surgery, ablation, or radiation. In ad-
dition, this analysis, which to the author’s knowledge
represents the largest dataset to date correlating CEA levels
with disease response for mCRC, provides benchmarks for up-
coming clinical trials of novel tumor-monitoring approaches,
such as circulating tumor cells or circulating tumor DNA (25).

The strengths of this study include its large sample size and
high data quality. Study limitations include small size of sub-
sets on second restaging scan because of limited data availabil-
ity, inability to review imaging, and exclusion of patients with
baseline CEA< 10 ng/mL (due to variation in upper limit of nor-
mal of CEA across sites). The location of primary tumor (right vs
left) has recently been identified as a prognostic and predictive

factor in the metastatic setting with regard to response to tar-
geted therapies (26). However, we were unable to assess this
factor because tumor sidedness was only noted in a small mi-
nority of trials. We believe the trials included in this study re-
main very relevant because they are currently standard of care.
When additional data become available to the ARCAD group,
validation of these findings in patients receiving other targeted
therapies (regorafenib, TAS-102, trastuzumab, dabrafenib) and
immunotherapy will be needed to compare with findings from
targeted therapy–treated patients included in our study.

In conclusion, change in CEA from baseline to first restaging can
accurately predict non-PD in patients receiving systemic chemo-
therapy. We identify different long-term outcomes based on the
magnitude of CEA change for mCRC patients with identical RECIST
stable disease response. Use of CEA is a cost-effective method for
predicting non-PD during first-line systemic therapy for mCRC.
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