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LETTER TO EDITOR

Trajectories of perioperative serum carcinoembryonic
antigen and colorectal cancer outcome: A retrospective,
multicenter longitudinal cohort study

Dear Editor,
Carcinoembryonic antigen (CEA) is regarded as an

important tumor marker for colorectal cancer (CRC).1,2
The preoperative and postoperative serum CEAs are
both associated with the CRC outcome.3–5 However, the
dynamic serum CEA changes after surgery is ignored, and
the trajectory of perioperative serum CEA has not been
well characterized. The link of it with CRC outcome is
unknown.
We used a latent class growth mixed model to distin-

guish potential CEAdynamic changing trajectories of CRC
patients frompreoperative to 36months after surgery using
a retrospective, multicenter longitudinal cohort. Then we
examined the association of these trajectories with CRC
outcome.6 A detailed description about the methods can
be found in the Supplementary Information.
The number of participants assessed for eligibility and

the reasons for exclusion appear in Figure 1A. A total of
2160 patients (1295 [60.0%] male; median [interquartile
range, IQR], [49-65] years) with amedian follow-up time of
43 months (IQR: 32-60 months) were included. The char-
acteristics of cases are outlined in Table 1. In the analysis,
17 836 individual CEA measurements were investigated.
The median number of CEA measurements was 8 (range,
4-21) (Figure 1B).
We identified three distinct trajectory groups of peri-

operative CEA, labeled as low-stable (n = 1680, 77.8%),
early-rising (n = 291, 13.5%), and later-rising (n = 189,
8.7%) (Figure 2A). In the low-stable group, the CEA
remained within normal range (0-5.0 ng/mL) from pre-
operative to 36 months after surgery. In the early-rising
group, CEA declined rapidly from elevated preoperative
level (>5.0 ng/mL) toward the normal range within 3
months of surgery, increased rapidly to elevated level
(>5.0 ng/mL) (9-20 months after surgery), and decreased
toward the normal range (21-36 months after surgery).
In the later-rising group, CEA declined rapidly from ele-
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vated preoperative level toward the normal range within
3 months of surgery, then kept stable up to 19 months
after surgery, and increased slowly to elevated level (19-
35 months after surgery). CEA’s trajectories of patients in
Yunnan Province and Guangdong Province were similar
(Figures 2B and 2C). The three CEA trajectory groups’
characteristics are summarized in Table 1.
We first estimated the over survival (OS) and recurrence-

free survival (RFS) for each trajectory group using the
Kaplan-Meiermethod. The 5-year OS rate in the low-stable
group was 87.9% (95% confidence interval [CI]: 85.9%-
89.9%), which was significantly higher than that of the
other two groups, as demonstrated in Figure 2D (the early-
rising group: 78.8%, 95% CI: 72.6-85.4%; the later-rising
group, 71.8%, 95% CI: 64.0%-80.5%) (P < .001). Similar dif-
ference of the 5-year RFS rate among three groups was
observed, as shown in Figure 2E (the low-stable group:
78.0%, 95% CI: 75.8-80.2%; the early-rising group: 67.0%,
95% CI: 60.8-73.8%; the later-rising group, 65.0%, 95% CI:
57.9-73.0%) (P < .001).
The early-rising and later-rising groups both had higher

risk of death (hazard ratios [HR]: 1.68, 95% CI: 1.19-2.36,
P= .003; HR: 2.46, 95% CI: 1.75-3.47, P< .001, respectively)
in unadjusted model, compared with the low-stable group
(Figure 2F). The adjustment resulted in a slight attenuation
of the risk estimates both in the demographic- and preop-
erative CEA-adjusted model and the fully adjusted model
(Tables S1 and S2). Similar associations between CEA tra-
jectory groups and RFS were observed (Figure 2G, Tables
S1 and S3). Figure S1 showed the example of three patients
with different types of CEA trajectories and different prog-
noses.
To test the risk estimates’ robustness, we used two addi-

tional sensitivity analyses. The trajectory group member-
ship still had a positive associationwith theOS in the frailty
model analysis before and after adjustment. And the asso-
ciations between CEA trajectory groups and RFS before
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F IGURE 1 Study flow chart, the histogram of CEA detection frequency, and relative importance of each risk parameter for outcome in
colorectal cancer patients. A, study flow chart. This study included 2160 of 4196 patients at three Chinese hospitals. B, Histogram of CEA detec-
tion frequency in colorectal cancer patients. C1, Relative importance of each risk parameter for overall survival including clinical parameters.
Preoperative CEA: 0.10%; T stage: 9.45%; N stage: 54.79%. C2, relative importance of each risk parameter for overall survival including clinical
parameters plus CEA trajectory groups. Preoperative CEA: 0.90%; CEA trajectory groups: 9.28%; T stage: 8.11%; N stage: 50.73%. D1, Relative
importance of each risk parameter for recurrence-free survival including clinical parameters. Preoperative CEA: 1.59%; T stage: 11.24% ; N stage:
49.51%. D2, Relative importance of each risk parameter for recurrence-free survival including clinical parameters plus CEA trajectory groups.
Preoperative CEA: 0.13%; CEA trajectory groups: 3.94%; T stage: 13.26%; N stage: 48.93%. Abbreviations: CEA, carcinoembryonic antigen; HR,
hazard ratio;OS, overall survival; RFS, recurrence-free survival
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F IGURE 2 Trajectories of perioperative CEA in colorectal cancer patients, the relation between the trajectories of perioperative CEA and
outcome. A, the trajectories in the pooled population. B, The trajectories in population from Yunnan Province. C, The trajectories in population
from Guangdong Province. D, Kaplan-Meier curves for overall survival according to the trajectories of perioperative CEA in colorectal cancer
patients. E, Kaplan-Meier curves for recurrence-free survival according to the trajectories of perioperative CEA in colorectal cancer patients. F,
Forest plot for performance on overall survival of perioperative serum CEA trajectories stratified by clinicopathological features based on the
Cox models in colorectal cancer patients. G, Forest plot for performance on overall survival of perioperative serum CEA trajectories stratified
by clinicopathological features based on the Cox models in colorectal cancer patients. P values for interaction were calculated using the Cox
regression model. HR and 95% CIs were given and visually represented by the squares and error bars
Abbreviations: CEA, carcinoembryonic antigen; CI, confidence interval; HR: hazard ratio.
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and after adjustment yielded mostly similar results both in
the frailty model analysis and the competing risk analysis
(Tables S4-S8).
Finally, to test the robustness of the risk estimates,

we performed an exploratory subgroup analysis of OS
and RFS according to baseline patients’ characteris-
tics. This subgroup analysis of OS (Figure 2F) and
RFS (Figure 2G) found similar results for the overall
population.
Our results evidence that, concerning prognosis, the

perioperativeCEA trajectory rather thanpreoperativeCEA
is more instructive. It was an independent prognostic fac-
tor in CRC using multivariate analysis. It had an equiva-
lent prognostic value to the classical TNM stage for CRC
survival (Figure 1C). In otherwords, the perioperative CEA
trajectory containedmore prognostic value than that of the
preoperative CEA. It may reflect the biological behavior
of CRC at some point (such as preoperative) and the anti-
cancer outcome of tumor treatment, including the surgery
and adjuvant chemotherapy.5
In this study, we took advantage of the CEA data’s avail-

ability frommultiple follow-ups ofCRCwithin 3 years after
the operation to characterize the perioperative CEA tra-
jectory. It may be a new easy-to-use method for explor-
ing the prognostic value of multiple CEA measurements.
In clinical applications, doctors only need to observe CEA
changes, without calculating CEA change, unlike previ-
ous studies.5,7,8 It should be noted that not every patient
meets all the characteristics of a perioperative CEA tra-
jectory group.9 For instance, the early-rising group also
included patients with elevated preoperative CEA, nor-
mal CEA within 9 months of surgery, elevated CEA at
10th months after surgery, and unknown CEA levels from
then.
Notably, we found that the patients with early-rising

and later-rising CEA had lower OS and RFS. Hence,
our findings may suggest an individualized CEA surveil-
lance strategy. Patients with early-rising and later-rising
CEA may need more frequent follow-up testing to
detect recurrence at an early stage and increase surgi-
cal resection rate with curative intent.10 This also needs
to be verified by a prospective randomized controlled
trial.
In summary, we have identified three distinct trajecto-

ries of perioperative CEA, associated with the CRC out-
come. This study provides new insights into the prognos-
tic significance of multiple CEAmeasurements. It empha-
sizes that patients with the early-rising or later-rising CEA
may need more frequent follow-up.
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