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a b s t r a c t 

Background: To examine the relationship between carcinoembryonic antigen (CEA) kinetics and prognosis 

in metastatic colorectal cancer (mCRC) patients receiving first-line chemotherapy in the PRODIGE9 trial. 

Methods: Associations between monthly CEA measurements within 6 months since baseline and 

progression-free survival (PFS) were evaluated using a joint-latent class-mixed model. A validation set 

was used to test our prognosis model. Correlations between CEA trajectories (classes) and baseline char- 

acteristics were also investigated. 

Results: Three classes were identified. Class 1 had low baseline CEA with small variations. Class 2 had 

high baseline CEA with a rapid decrease reaching the same CEA level at 6 months as in class 1. Class 3 

had high baseline CEA with a transient decrease followed by an increase to reach, at 6 months, the same 

CEA level as at baseline. Six-month PFS was significantly lower in class 3 than in classes 1 and 2 (57% vs. 

91% and 93% respectively; p < 0.01). Class 3 was significantly associated with ECOG 2 status, a high LDH 

level and non-resected primary tumor. 

Discussion: Variations in CEA kinetics correlate with prognosis in patients receiving first-line chemother- 

apy for mCRC. We propose here a user-friendly application to classify CEA trajectory. 

© 2023 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved. 
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. Background 

Chemotherapy remains the cornerstone of metastatic colorectal 

ancer (mCRC) treatment. Multiple treatment options are possible, 

ainly depending on a patient’s characteristics, tumor aggressive- 

ess and molecular status [1 , 2] . Numerous predictors of outcome, 

ncluding clinical and biological parameters, have been reported in 

CRC patients [3–5] . Serum carcinoembryonic antigen (CEA) is a 
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iomarker of CRC, and is increased at baseline in approximately 

0% of patients in the metastatic setting. French clinical practice 

uidelines recommend the pre-therapeutic measurement of serum 

EA levels [2] . In mCRC patients, it has been suggested that base- 

ine CEA levels and decreases in CEA correlate with response rates 

nd survival [6–9] . However, despite their routine use, these data 

re still controversial, and in clinical practice CEA values are not 

onsidered a key tool to guide chemotherapy modalities. CEA ki- 

etics have been poorly investigated but are considered a potential 

iomarker in mCRC patients [10] . Previous studies assessed CEA ki- 

etics according to the slope from baseline and used a predefined 

hreshold to obtain a binary measurement [11–15] . Moreover, it 

as been suggested that CEA kinetics could correlate with imaging 

esponse [7] . In the present study, we propose an approach that 
rights reserved. 
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Fig. 1. Flowchart of the whole population of PRODIGE 9 trial. 
akes account of all CEA measurements since baseline to predict 

isease progression. Our objective was then to use CEA kinetics as 

 prognostic factor for progression-free survival (PFS) and to pro- 

ide a simple algorithm, based on CEA kinetics, to classify first-line 

CRC patients according to the risk of progression or death. 

. Methods 

We used individual data from patients randomized in the 

édération Francophone de Cancérologie Digestive (FFCD) phase 

II trial comparing Bevacizumab maintenance versus no mainte- 

ance during chemotherapy-free intervals in first-line mCRC pa- 

ients [16] . All patients were treated with cytotoxic doublet therapy 

sing 5-FU/Leucovorin/Irinotecan (FOLFIRI) and Bevacizumab every 

 weeks for 6 months. The results of PRODIGE 9 revealed no dif- 

erence in survival between the two treatment arms. 

.1. Patients’ selection 

In the PRODIGE 9 trial (Clinical trial number: NCT00952029 ), 

EA measurements were to be recorded at baseline (0–14 days be- 

ore randomization) and then every 4 weeks during the first se- 

uence of chemotherapy. To capture the non-linear feature of CEA 

inetics, we considered for analysis all patients who had at least 

hree CEA measurements in the 3.5 months since baseline. Patients 

ho progressed or died during this 3.5-month period were ex- 

luded from the analysis. Data were randomly split into two sets, 

ne to build the statistical model (the learning set), composed of 

5% of the patients, and the other, composed of 25% of the pa- 

ients, for model validation purposes (the validation set). 

.2. The proposed prognostic model 

.2.1. The joint modeling of PFS and CEA longitudinal measurements: 

otivation and specification 

Progression-free survival (PFS) was defined as the time from 

aseline to the first disease progression or death from any cause. 

o focus on short follow-up times and to build an early risk dis- 

rimination tool, PFS was censored at 6 months for patients alive 

nd progression-free at this time point. Consequently, when build- 

ng the prognostic model, we only used the CEA measurements 

vailable during the 6 months since baseline. For a given patient, 

epeated CEA measurements were related to survival outcomes 

ince these measurements ended when death or disease progres- 

ion occurred, and therefore were correlated with the probability 

f experiencing an event. CEA thus appeared as an endogenous 

ariable [17] . To take account of this feature of the CEA variable 

n determining its association with the time-to-event outcome, 

e estimated these two variables simultaneously through a joint 

odel framework. The literature showed that these models were 

etter suited to analyzing such data because they estimated jointly 

he relative risk of the time-to-event outcome contingent upon 

he longitudinal outcome [18 , 19] . Moreover, to take account of 

epeated CEA measurements for a given patient, the longitudinal 

art was modeled with a mixed model that captured within- 

ndividual variability [20] . We also took advantage of a latent-class 

ixed model to characterize different groups of patients in terms 

f CEA trajectories [21 , 22] . 

Several models differing by the number of latent classes and 

ovariates (patients’ characteristics at baseline) were tested, and 

he best one, in terms of the Bayesian Information Criterion (re- 

ecting the model’s goodness of fit) and entropy (reflecting the 

odel’s ability to assign a subject to a latent class without am- 

iguity), was selected [22 , 23] . A detailed description of the joint 

atent class mixed model considered in our work is provided in 

upplementary File A. 
792 
.2.2. Subject classification and risk prognosis 

For a given patient, posterior probabilities of belonging to la- 

ent classes (one per class) were computed. Based on the Maxi- 

um A posterior Probability of class-membership rule (MAP rule), 

ach patient was assigned to the latent class to which he/she had 

he highest posterior probability of belonging to [20 , 21] . 

.2.3. Model validation 

A validation set of patients was used to validate the proposed 

rognostic model. Using the estimated parameters obtained at the 

earning step, and using CEA measurements until 3.5 months, pos- 

erior class-membership probabilities (one per class) were pre- 

icted for each subject of the validation set. Then, based on the 

AP rule, each subject was assigned to one of the predefined la- 

ent classes. For each subject’s group obtained from this classifica- 

ion, PFS was estimated and compared, using a log-rank test, with 

hat of the learning set subjects belonging to the same class. 

Of note, we used only CEA measurements until 3.5 months to 

ocus on the prognostic ability of the earliest measurements of the 

arker. To determine whether the subject’s classification was sen- 

itive to CEA measurements over 3.5 months, we built a second 

lassification of the validation set subjects based on CEA measure- 

ents until 6 months, and then assessed the agreement with the 

rst one using Cohen’s kappa [24] . 

. Results 

.1. Study population 

Among the 488 patients from the intention to treat (ITT) pop- 

lation of the PRODIGE 9 trial, 331 could be considered for analy- 

is. The learning set comprised 248 patients (75%) and data from 

he remaining 83 patients (25%) were used for the validation step 

 Fig. 1 ). 

The median CEA level at baseline was 53.65 (Interquartile range 

IQR) = 8.08–388.73) in the learning set and 65.95 (IQR = 13.83–

31.18) in the validation set. The survival probability at 6 months 

as 88% (95% CI: 84–92%) and 93% (95% CI: 87–99%) in the learn- 

ng set and the validation set, respectively. 
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Fig. 2. CEA typical trajectories and PFS curves and their confidence intervals (CI) estimated from the learning set. Top panels (A,B,C) show CEA typical trajectories (thick 

curves) and observed individual trajectories of CEA (grey curves) in class 1, 2 and 3 respectively. Bottom panels (D,E,F) are the corresponding PFS curves and their CIs in 

class 1, 2 and 3 respectively. 
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.2. CEA kinetics to predict PFS 

A joint latent class mixed model with three latent classes was 

elected, including primary tumor resection as a class-membership 

redictor and treatment arm as a survival predictor. Based on the 

AP rule, the distribution of the 248 patients in the three classes 

as 164 (class 1), 42 (class 2) and 42 (class 3). We identified 

rom the model estimates three typical shapes of the CEA trajec- 

ories (denoted hereafter as ‘classes’) and correlated each of them 

ith PFS ( Fig. 2 ). Roughly, individual CEA trajectories belonging to 

he same class were similar not only for their level but also for 

heir shape, reflecting the important role played by the whole CEA 

inetic in the classification. Class 1 was characterized by a typi- 

al CEA trajectory in which values were low at baseline (around 

9) then decreasing slowly during the first 5 months (nadir of 7 

eached at 5 months, meaning a 63% decrease from baseline) be- 

ore increasing slightly to reach 8 at 6 months (a 60% decrease 

rom baseline). PFS among Class 1 trajectory patients was 91% at 

 months. The typical CEA trajectory in class 2 started with a high 

evel at baseline (817), which then dramatically fell throughout the 

rst 6 months to reach a similar level as the typical class 1 tra- 

ectory (15, meaning a 98% decrease from baseline). PFS among 

lass 2 trajectory patients was 93% at 6 months. Class 3 was char- 

cterized by a typical CEA trajectory beginning with a high level at 

aseline (799) followed by a short decrease to reach a nadir of 341 

t 3 months (corresponding to a 57% decrease), which is followed 

y a period of increase until 6 months to reach 475. PFS among 

lass 3 trajectory patients was 57% at 6 months. The percentages 

f CAE variations level at baseline, month 3 and month 6 are pre- 
793
ented in supplementary file C. Log-rank tests showed significant 

ifferences between the survival curve in class 3 and the survival 

urves in classes 1 and 2 ( p -values < 0.01). There was no signif-

cant difference between the survival curve in class 1 and class 2 

 p -value = 1). Of note, for patients with a resected primary tumor, 

he prior probability of belonging to a given class differed signif- 

cantly between classes (0.81 [0.74; 0.89], 0.11 [0.04; 0.16], 0.08 

0.03; 0.13] for class 1, 2 and 3, respectively). These probabilities 

ere similar for patients with a non-resected primary tumor (0.45 

0.33; 0.58], 0.28 [0.17; 0.38], 0.27 [0.17; 0.38] for class 1, 2 and 3, 

espectively). We found no significant treatment-dependent effect 

n PFS, as reported in the main publication of the PRODIGE 9 trial. 

Baseline characteristics in each class are presented in Table 1 ; 

ost of them, including validated scores predicting survival in 

CRC, correlated significantly with the probability of being in 

ne of the 3 classes. Although the impact on PFS is similar in 

lasses 1 and 2, some baseline characteristics are significantly dif- 

erent between the two classes. Class 2 is significantly associated 

ith a lower proportion of male, ECOG Performance status > 0, 

on-resection of the primary tumor and elevated LDH reflecting a 

igher tumor burden which is consistent with the high CEA rate. 

.3. Validation 

Using the CEA measurements until 3.5 months and the es- 

imates of the proposed model, the posterior probability of 

elonging to a given class was predicted for the 83 subjects of the 

alidation set. Patients’ characteristics are presented in Table 2 . 

his allowed us to assign 55, 15 and 13 subjects, respectively, to 
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Table 1 

Patient baseline characteristics in the 3 classes of the learning set. 

Characteristics All 

N = 248 

Class 1 

N = 164 

Class 2 

N = 42 

Class 3 

N = 42 

p -value # 

Age, median (IQR) years 64 (58–72) 64 (58–73) 65 (61–71) 62 (49–69) 0.08 

Sex, N (%) 0.05 

Male 161 (64.92) 115 (70.12) 22 (52.38) 24 (57.14) 

Female 87 (35.08) 49 (29.88) 20 (47.62) 18 (42.86) 

Treatment arm, N (%) 0.81 

1 132 (53.23) 85 (51.83) 24 (57.14) 23 (54.76) 

2 116 (46.77) 79 (48.17) 18 (42.86) 19 (45.24) 

BMI, median (IQR) 24.69 (22.45–28.07) 24.77 (22.66–28.17) 24.62 (20.54–27.26) 24.27 (22.52–28.28) 0.70 

ECOG performance status, N (%) < 0.01 

0 128 (51.61) 100 (60.98) 13 (30.95) 15 (35.71) 

1 107 (43.15) 59 (35.98) 27 (64.29) 21 (50) 

2 13 (5.24) 5 (3.05) 2 (4.76) 6 (14.29) 

Primary tumor resected, N (%) < 0.01 

Yes 142 (57.26) 116 (70.73) 14 (33.33) 12 (28.57) 

No 106 (42.74) 48 (29.27) 28 (66.67) 30 (71.43) 

Number of metastatic sites, N (%) 0.17 

1 94 (37.90) 60 (36.59) 21 (50) 13 (30.95) 

> 1 154 (62.10) 104 (63.41) 21 (50) 29 (69.05) 

CEA at baseline, median (IQR) μg/L 53.65 (8.08–388.73) 17 (4.30–59.30) 1066.5 

(520.22–1814.75) 

658.4 (285.90–2238) < 0.01 

CA 19.9 at baseline, median (IQR) U/mL 81 (10–734) 34 (8–205.25) 771 (120–2624) 828 (78.5–4272.25) < 0.01 

LDH at baseline, median (IQR) UI/L 342.0 (220.5–594.5) 291.5 (193.8–429.2) 508.5 (306.2–869.8) 592.0 (292.5–1137.0) < 0.01 

Köhne criteria, N (%) < 0.01 

Low 90 (36.59) 58 (35.58) 20 (48.78) 12 (28.57) 

Intermediate 117 (47.56) 87 (53.37) 15 (36.59) 15 (35.71) 

High 39 (15.85) 18 (11.04) 6 (14.63) 15 (35.71) 

GERCOR score [22] , N (%) < 0.01 

Low 31 (13.9) 30 (20.27) 1 (2.78) 0 (0) 

Intermediate 162 (72.65) 110 (74.32) 24 (66.67) 28 (71.79) 

High 30 (13.45) 8 (5.41) 11 (30.56) 11 (28.21) 

# comparison between classes 

Abbreviations: Eastern Cooperative Oncology Group (ECOG) performance status, CA 19-9 : Carbohydrate antigen 19-9, LDH: Lactate dehydrogenase, BMI : body mass index; 

GERCOR : Groupe Coopérateur Multidisciplinaire en Oncologie, IQR : Interquartile range (1st – 3rd quartiles). 

Table 2 

Patient baseline characteristics in the 3 classes of the validation set. 

Characteristics All n = 83 Class 1 

n = 55 

Class 2 

n = 15 

Class 3 

n = 13 

p -value # 

Age, median (IQR) years 65 (57–72) 65 (58–73) 65 (54–71) 66 (59–69) 0.77 

Sex, No. (%) 0.04 

Male 60 (72.29) 35 (63.64) 14 (93.33) 11 (84.62) 

Female 23 (27.71) 20 (36.36) 1 (6.67) 2 (15.38) 

Treatment arm, N (%) 0.78 

1 37 (44.58) 26 (47.27) 6 (40) 5 (38.46) 

2 46 (55.42) 29 (52.73) 9 (60) 8 (61.54) 

BMI, median (IQR) 24.91 (21.89–27.98) 25.46 (21.92–27.71) 24.21 (23.21–28.11) 23.24 (21.45–25.06) 0.56 

ECOG performance status, N (%) 0.30 

0 42 (50.60) 31 (56.36) 7 (46.67) 4 (30.77) 

1 38 (45.78) 21 (38.18) 8 (53.33) 9 (69.23) 

2 3 (3.61) 3 (5.45) 0 (0) 0 (0) 

Primary tumor resected, N (%) < 0.01 

Yes 50 (60.24) 41 (74.55) 4 (26.67) 5 (38.46) 

No 33 (39.76) 14 (25.45) 11 (73.33) 8 (61.54) 

Number of metastatic sites, N (%) 0.14 

1 33 (39.76) 25 (45.45) 6 (40) 2 (15.38) 

> 1 50 (60.24) 30 (54.55) 9 (60) 11 (84.62) 

CEA at baseline, median (IQR) μg/L 65.95 (13.83–331.18) 17.40 (6.40–65.95) 541.00 

(329.45–1101.00) 

1143.50 

(408.65–2643.25) 

< 0.01 

CA 19.9 at baseline, median (IQR) U/mL 48 (11–293.50) 29 (10–180) 225 (65.5–490.5) 293 (11–1130) 0.07 

LDH at baseline, median (IQR) UI/L 302.0 (204.0–525.5) 243.0 (192.8–430.2) 552.5 (280.5–1278.8) 450.0 (295.0–741.0) 0.01 

Köhne criteria, N (%) 0.21 

Low 32 (39.02) 24 (43.64) 6 (40.00) 2 (16.67) 

Intermediate 39 (47.56) 25 (45.45) 8 (53.33) 6 (50.00) 

High 11 (13.41) 6 (10.91) 1 (6.67) 4 (33.33) 

GERCOR score, N (%) 0.12 

Low 9 (12.68) 9 (18.75) 0 (0) 0 (0) 

Intermediate 51 (71.83) 30 (62.5) 12 (85.71) 9 (100) 

High 11 (15.49) 9 (18.75) 2 (14.29) 0 (0) 

# comparison between classes 

Abbreviations: Eastern Cooperative Oncology Group (ECOG) performance status, CA 19-9 : Carbohydrate antigen 19-9, LDH: Lactate dehydrogenase, BMI : body mass index; 

GERCOR : Groupe Coopérateur Multidisciplinaire en Oncologie, IQR : Interquartile range (1st – 3rd quartiles). 

794 
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Fig. 3. CEA typical trajectories and PFS curves and their confidence intervals (CI) estimated from the validation set. Top panels (A, B, C) show CEA typical trajectories (thick 

curves) and observed individual trajectories of CEA (grey curves) in class 1, 2 and 3 respectively. Bottom panels (D, E, F) are the corresponding PFS curves and their CIs in 

class 1, 2 and 3 respectively. 

c  

A

w

a

F  

1  

8

o

d

s

C

s

r

h

F

i

p

m

a

3

w

3

(

fi

a

t

e

C

r  

i  

r

4

t

s

W

6

a

a

F

r  

s

a

C

a

F

t

t

c

a

t

C

lasses 1, 2 and 3 identified at the learning step. Fig. 3 (panels

, B, C) show that for each class the individual CEA trajectories 

ere in accordance with the estimated typical trajectory obtained 

t the learning step. Corresponding PFS estimates were plotted in 

ig. 3 (panels D, E, F). As at the learning step, 6-month PFS in class

 and class 2 were similar, and better than in class 3 (93%, 100%,

5%, respectively). For each class, no significant difference was 

bserved between estimated PFS from both the learning and vali- 

ation sets (log rank test p -values > 0.2). Contrarily to the learning 

et, the only baseline characteristic significantly associated with 

lass 2 comparing to Class 1 is non-resection of the primary tumor. 

When using CEA measurements until 6 months to predict a 

ubject’s posterior probability of belonging to a given class, the de- 

ived classification was very close to that obtained previously (Co- 

en’s Kappa = 0.82, see also Contingency Table in Supplementary 

ile B), showing that CEA kinetics until 3.5 months carried enough 

nformation to predict the risk of progression or death. Hence, we 

ropose as a user-friendly web application available here, a prag- 

atic use of the results of our work to support, for instance, ther- 

peutic decision-making. 

.4. Response rate and overall survival according to CEA kinetics 

The objective response rates at first and second evaluations 

ere better in classes 1 and 2 of CEA trajectories than in class 

, showing consistency with results on PFS in the three classes 

see Table 3 ). In the learning set, the objective response rates at 

rst and second evaluations were 31% and 47% in Class 1, 42.5% 

nd 62.5% in Class 2, 9.5% and 10.5% in class 3 respectively. In 

he validation set, the objective response rates at first and second 
795 
valuations were 44.4% and 60% in Class 1, 33.3% and 53.8% in 

lass 2, 23.1% and 33.3% in class 3 respectively. 

Overall survivals at 6 months according to the 3 CEA trajecto- 

ies in the learning and validation sets ( Fig. 4 ) were 99% and 98%

n Class 1, 97% and 100% in Class 2 and 88% and 100% in Class 3

espectively. 

. Discussion 

We report for the first time a CEA kinetics analysis that iden- 

ified three different kinetic profiles that correlated with progno- 

is in mCRC patients treated with first-line FOLFIRI-Bevacizumab. 

e showed that Class 1 and 2 were associated with a favorable 

-month PFS of over 90%. 

The kinetic profile of the Class 2 group has already been 

ssociated with a better prognosis in some studies. In a post-hoc 

nalysis of the FIRE 3 trial, comparing FOLFIRI-Cetuximab with 

-Bevacizumab in KRAS wild-type mCRC, Michl et al. defined CEA 

esponse as a decrease in CEA level by at least 75% [25] . In that

tudy, the CEA nadir was defined as the lowest level measured 

t any time point for each individual compared with the baseline 

EA level. They showed that CEA responders had better over- 

ll survival only in the sub-group of patients treated with the 

OLFIRI-Cetuximab regimen. Although the methodology used in 

heir study was different, our results are consistent in suggesting 

hat patients showing this type of CEA kinetic profile (analogous to 

lass 2 in our work) have a good prognosis. The originality of our 

pproach is to consider all available measurements of CEA (at least 

hree) in the early months to account for the non-linearity of the 

EA trajectories in the first months following treatment initiation. 
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Table 3 

Response rate at the first and second evaluations according to CEA kinetic. 

Learning set Class 1 ( n = 164) Class 2 ( n = 42) Class 3 ( n = 42) 

First 

assessment 

Objective response 50 (31%) 17 (42.5%) 4 (9.5%) 

Non-response 113 (69%) 23 (57.5%) 38 (90.5%) 

Second 

assessment 

Objective response 73 (47%) 25 (62.5%) 4 (10.5%) 

Non-response 82 (53%) 15 (37.5%) 34 (89.5%) 

Validation set Class 1 ( n = 55) Class 2 ( n = 15) Class 3 ( n = 13) 

First 

assessment 

Objective response 24 (44.44%) 5 (33.33%) 3 (23.08%) 

Non-response 30 (55.56%) 10 (66.67%) 10 (76.92%) 

Second 

assessment 

Objective response 30 (60%) 7 (53.84%) 4 (33.33%) 

Non-response 20 (40%) 6 (46.16%) 8 (66.67%) 

Objective response includes complete and partial response, Non-response includes stable and progressive disease, Percentages are calculated excluding missing data. 

Fig. 4. Overall survival according to classes of CEA trajectories, estimated from the learning set (panels A,B,C) and the validation set (panels D,E,F). 
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onsequently, we were able to better capture the CEA variations 

nd therefore to better estimate the correlation with the PFS. 

There are no robust data in the literature defining a baseline 

EA level best associated with a worse prognosis in mCRC. It has 

een shown that a decrease in CEA level is associated with a bet- 

er clinical outcome [9] . In the PRODIGE 9 trial, it was reported 

hat increasing CEA at 2 months was an independent factor associ- 

ted with disease progression during induction chemotherapy [26] . 

owever, the degree of the decrease in CEA level associated with 

umor regression and better survival is unknown. The prognosis in 

lass 1 patients was equivalent to those in Class 2. This kinetic 

rofile has not been previously associated with a good prognosis 

n the literature. In mCRC, a high baseline CEA level is an indepen- 

ent predictor of a poor prognosis, possibly reflecting tumor bur- 

en and a more aggressive biology [27] . However, the threshold 
796 
or CEA positivity is still debated as it may increase in some non- 

umor diseases or in smokers [28 , 29] . A threshold of ≥ 5 ng/ml

s usually used. There is no consensus on what constitutes a low 

EA level at baseline. It is generally accepted that a CEA level be- 

ow the laboratory standard or considered ‘low’ may be associ- 

ted with a less aggressive disease. However, in the absence of a 

hreshold CEA level clearly associated with a different prognosis, 

he CEA level at baseline is a criterion that is not used to help in

ecision making. Our study suggests that in patients with a CEA 

evel considered low by clinicians, repeated measurements can de- 

ne a subgroup of patients with a good prognosis. Thus, a small 

hange in the CEA slope on early iterative measurements appeared 

o be a good, inexpensive prognostic marker that may be useful in 

outine practice. We further reported a subgroup of patients with 

EA levels that were high at baseline, but which subsequently de- 
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reased. These patients may experience a potentially favorable clin- 

cal course. Nevertheless, the rapid increase in CEA levels defined 

 kinetic profile associated with a poor prognosis. This type of ki- 

etic profile has not previously been reported in the literature. In 

he absence of repeated measurements, this type of kinetic pro- 

le cannot be captured by the clinician. Considering the prognos- 

ic impact, repeated CEA measurements may be useful in routine 

ractice in decision making in this subgroup of patients. 

Interestingly, several baseline patients’ characteristics were as- 

ociated with the kinetic profile of class 3 patients. Thus, female 

ex, an ECOG performance status of 1 or 2 vs. 0, the absence of pri-

ary tumor resection and high LDH levels were significantly asso- 

iated with this poor prognosis subgroup. These factors have pre- 

iously been reported as potential factors of a poor prognosis or of 

evere chemotherapy-induced toxicity. These associations with the 

lass 3 kinetic profile reinforce the hypothesis that this subgroup is 

f particular interest in current practice, especially given the signif- 

cant correlation between class 3 and clinico-biological scores vali- 

ated in the literature [4 , 5] . 

We observed that a high baseline CA 19-9 level was also signifi- 

antly associated with class 3. This assay is frequently used in rou- 

ine practice although not recommended. CA 19.9 level also seems 

o be associated with PFS and OS in mCRC [12] . Further studies on

aseline CA 19-9 or kinetics could help to better define its poten- 

ial interest in clinical practice. 

Our work suffers from several limitations. First, we cannot 

xtrapolate our results to other chemotherapy regimens than 

OLFIRI-Bevacizumab. In addition, although repeated assays were 

pecified in the study, there were missing data, leading to the ex- 

lusion of some patients from the analysis, which could lead to a 

ias in the interpretation of our results. In addition, the design of 

he Prodige 9 trial did not allow us to establish a kinetic profile 

eyond the first months of treatment. 

Nevertheless, our work has some strengths. Our data were ob- 

ained from a prospective randomized trial using a chemotherapy 

rotocol considered a therapeutic standard. The methodology used, 

ncluding confirmation of our results on a validation set, reinforces 

he robustness of our work. In addition, we propose a computer 

ool that allows clinicians to apply our results in everyday practice. 

Other biological markers to better define prognosis at baseline 

ave recently emerged, such as the determination of circulating tu- 

or DNA. However, it is a costly technique that is not yet approved 

n everyday practice. Moreover, its interest in early treatment mod- 

fication has not been demonstrated in prospective randomized tri- 

ls. Osumi et al. studied the correlation between cDNA and CEA 

evels and showed the overall concordance rate between the two 

evels was 75.5% [30] . This positive correlation suggests that CEA 

easurement remains an inexpensive alternative to this new tech- 

ique. 

Scheduled imaging, mainly with computed tomography, and 

EA testing are usually carried out every 4 to 6 chemotherapy cy- 

les i.e. every 2 to 3 months with the current protocols. Our work 

uggests that repeated measurements of CEA from baseline may be 

 cost-effective way to define subgroups of mCRC patients with a 

ifferent prognosis based on their CEA kinetic profile. 
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