Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 May 2022 d0i:10.20944/preprints202205.0092.v1

Article

Fluctuation of Serum CEA in the Conventional Normal Range
and The Risk of Relapse Following Curative Intent Treatment

of Colorectal Cancer

Zsolt Fekete 12, Patricia Ignat 12, Laura Gligor 3, Nicolae Todor?, Alina-Simona Muntean 2, Alexandra Gherman 2and

Dan Eniu 12

1 “Tuliu Hatieganu” University of Medicine and Pharmacy, Cluj-Napoca, Romania’ ZF fe-
kete.zsolt@umfcluj.ro; PI suteu.patricia@umfcluj.ro; AG gherman.alexandra@umfcluj.ro,; DE
eniu.dan@iocn.ro

2 “Prof. Dr. I. Chiricuta” Oncology Institute, Cluj-Napoca, Romania; NT todor@iocn.ro, ASM munte-
an.alina@yahoo.fr

3 County Emergency Hospital, Cluj-Napoca, Romania. turcu laura0803@yahoo.com

* Correspondence: fekete.zsolt@umfcluj.ro  Tel.: +40745544773

Abstract: Carcinoembriogenic antigen (CEA) is a routine marker for follow-up of colo-rectal can-
cers. We aimed to determine whether a CEA increase within the normal range can be linked to a
recurrence risk. We included 78 consecutive patients with colo-rectal cancer, who underwent cu-
rative surgical treatment with or without chemo- or radiotherapy. As reference, we used the
smallest value of the CEA during follow-up. A total of 34/78 patients (43.6%) had fluctuations of
CEA of at least 1.1 ng/ml, with or without increases above 5 ng/ml. In 27/34 patients (79.4%) in-
creases of CEA were explained either by recurrence (15/34 patients, 44.1%), adjuvant chemotherapy
(7/34 patients, 20.6%) or benign pathology (5/34 patients, 14.7%). In 5 of 22 recurrences (23%) a CEA
increase of at least 1.1 ng/ml, but below 5 ng/ml preceded the clinical relapse by a median of 8
months (range 3-22 months). The 4-year disease-free survival was 89% in patients with postopera-
tive CEA <2.5 ng/ml, and 55% in patients with CEA >2.5 ng/ml. CEA increase by at least 1.1 ng/ml
within the normal range, after curative treatment of colorectal cancer can be either an early sign of
relapse or can be usually explained by other pathological processes.

Keywords: CEA 1; colorectal cancer 2; follow-up 3 ; tumor markers 4 ; early intervention 5 ; adju-
vant chemotherapy 6

1. Introduction

Colorectal cancer, a leading cause of mortality worldwide, is the third most common
type of cancer in men and the second in women [1]. In the case of relapse, a modern ag-
gressive approach consisting of radical treatment of oligometastatic disease, chemo-
therapy, molecular targeted therapy and local approaches (radiotherapy, surgery) can
achieve cure or at least offer longer survival. Therefore, theoretically, early diagnosis and
therapeutic intervention for relapse seems to be crucial. Circulating tumor cells, novel
proteic tumor markers or serum genetic markers are probably the future of a more sen-
sitive follow-up.

CEA (carcinoembryonic antigen) and CA 19-9, although not sensitive enough for
screening and early diagnosis, are the two standard tumor markers at diagnostic workup
(for prognosis) and post treatment follow-up (for detection of a relapse). Among the two,
CEA is the most employed and its periodical use as an indicator of relapse has been well
established in several studies, even rendering routine periodic CT scans unnecessary
based on some data [2,3]. For follow-up after curative multimodal treatment of >T2 or N+
tumors, its measurement is mandatory, usually every 2-3 months in the first 2-3 years,
then every six months until 5 years [4]. Even if the initial CEA value at diagnosis falls in
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the normal range it is still useful to follow-up its values, as shown in the analysis of the
Dutch TME trial data [5].

The normal value for CEA is considered < 5 ng/ml (ug/l) by most guidelines and
laboratories. Some go as low as < 2.5 ng/ml or < 3.4 ng/ml in non-smokers and < 4.3 ng/ml
in smokers, but usually only heavy smoking can increase CEA values above 3.4 ng/ml
[6-8].

The aim of this study was to analyze the fluctuation of CEA and to determine
whether a certain increase in the conventional normal range of values can predict clinical
recurrence (local recurrence, regional recurrence, i.e. lymph node recurrence, or metas-
tasis).

The second aim of this study was to determine whether the post-surgery value of
CEA has a significant influence on the disease-free survival.

2. Materials and Methods

Our retrospective observational study was performed at a tertiary academic cancer
center and included consecutive patients with rectal and non-rectal colon cancer diag-
nosed between January 2006 until December 2013, who underwent curative surgical
treatment with or without chemo- or radiotherapy.

Inclusion criteria:

o Primary confirmed colorectal adenocarcinoma
. Clinical stage II and III

. Curative surgical treatment

o Negative resection margins (R0)

. Post-surgery follow-up of the CEA values
Exclusion criteria:

. Multiple synchronous colorectal tumors
. Clinical stage IV
. Other cancers (several other tumors express and secrete CEA)

The database used for this study was selected by browsing through 2620 files con-
cerning patients treated with colorectal cancer from our institution to identify patients
that fulfill the inclusion criteria. As a result, only 78 patients were selected in this period.

We collected all available CEA values measured during the postoperative follow-up.
The first measurement of CEA was performed within 1 to maximum 3 months after
surgery. CEA was measured in the same laboratory using the same method by electro-
chemiluminescence immunoassay (ECLIA). CEA is considered normal in our laboratory
at values < 3.4 ng/ml in non-smokers and < 4.3 ng/ml in smokers. For the purpose of this
study however we used the convention of <5 ng/ml for CEA values that were considered
“normal”. As reference, we used the smallest value of the CEA observed during fol-
low-up.

To analyze the association between the increase of CEA and tumor recurrence we
arbitrarily defined an "alarm value" for the CEA, defined as the first increase of at least
1.1 ng/ml registered during follow-up, compared to the smallest previous value. We de-
fined clinical recurrence as either local, regional or distant relapse, documented by im-
aging studies. For patients with CEA increase of more than 1.1 ng/dl without docu-
mented recurrence, we searched the patients’ records for possible benign causes of the
fluctuation.

All data were collected in a FileMaker database and analysis was performed through
Excel Microsoft Office.

The 4-year overall survival and disease-free survival (DFS) were determined
through the Kaplan-Meier method. Survival differences were evaluated through the
log-rank test. To analyze the influence of post-surgery CEA on DFS, we chose the cut-off
value 2.5 ng/ml with the aid of a ROC curve and chi-squared test (using Yate's correc-
tion). The cut- off value was chosen by the minimum distance of ROC curve to point (0,1).
The odds ratio was calculated with the chi square test.
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The confidence intervals were estimated at 95% confidence level. Statistical signifi-
cance was defined by value of p <0.05.

3. Results

From the 78 patients included in the study 49 were men (69%). Patients” age ranged
between 25 and 79 years and the median age was 59 years. The median follow-up was
42.1 months (range 12.4-93.1). Patient characteristics are shown in Table 1.

Table 1. Patient characteristics

Variable Number (%)
Sex
Male 49 69
Female 29 31
Subsite
Rectosigmoid 60 76.9
Non-rectal colon 18 23.1
Tumor stage
ITA 26 33.2
1B 2 2.6
IIA 2 2.6
11IB 41 52.6
1Ic 7 9
Neoadjuvant / Adjuvant 51 65.4
chemotherapy
Neoadjuvant / Adjuvant 50 64.1
radiotherapy

From the entire group of patients, 22 (28.2%) presented recurrences, of which most
had metastasis as the only type of relapse (12 patients, 54.5%), seven patients (31.8%) had
both metastasis and local recurrence, and three patients (13.6%) had only local recur-
rence.

In 5 of 22 relapsed patients (22.7%), we observed an increase in the CEA values of at
least 1.1 ng/ml, during follow up, before the clinical recurrence, with values positioned in
the normal range interval. (Table 2.) Notably the CEA increase of at least 1.1 ng/ml pre-
ceded the clinical relapse by a median of 8 months (range 3-22 months).

Table 2. Patients with increase of CEA of at least 1.1 ng/ml, but not reaching 5 ng/ml, before
clinical recurrence.

Date of clinical re- Baseline Alarm Date of alarm  Difference

Patient currence on value value value of at least
number CT/MRI/PET-CT/US/ after 1.1 ng/ml
endoscopy surgery
6. 21.09.2009 1.70 2.89 13.12.2007 1.19
8. 1.11.2008 0.63 1.91 29.01.2007 1.28
24, 11.05.2009 0.64 1.90 03.12.2008 1.26
37. 02.02.2009 1.40 4.50 08.12.2008 3.10
78. 01.02.2015 1.40 3.70 05.06.2014 2.30

In Figure 1 we represent the fluctuation of CEA with an increase of at least 1.1 ng/ml,
but below 5 ng/ml in patients with clinical recurrence.
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Figure 1. Increases of CEA below 5 ng/ml, but at least 1.1 ng/ml which predicted relapse in 5/22
patients.

Seven patients out of the 22 (31.8%) presented relapse but had no increase of CEA
neither above 5 ng/ml nor with the defined alarm value of 21.1 ng/ml. The median of the
peak CEA values was 1.63 ng/ml (range 1.39-3.38).

The remaining subjects with clinical recurrence (10/22, 45.5%) presented an abrupt
increase of CEA above 5 ng/ml with no preceding alarming increase of more than 1.1
ng/ml. Altogether 15/34 (44.1%) of CEA increases with at least 1.1 ng/ml (either gradually
or abruptly increasing above 5 ng/ml) were related to a clinical recurrence.

Out of the 78 patients, 56 subjects (71.7%) had no recurrence during follow-up. Still,
19 patients out of these 56 (33.9%), presented an increase of CEA marker that exceeded
1.1 ng/ml. In 7 patients (36.8%) the only evident cause for this fluctuation was adjuvant
chemotherapy (Table 3 and Figure 2.)

Table 3. Increase of CEA by at least 1.1 ng/ml associated with adjuvant chemotherapy.

) .. ) Date of first in- Date of start of Last chemo-
Patient Minimum Maximum .
crease with >1.1 chemotherapy therapy cycle

number value value
ng/ml
13. 2.45 2.52 07.12.2006 14.08.2006 30.10.2006
28. 2.04 1.51 20.11.2007 11.10.2007 05.03.2008
43. 1.20 3.80 08.07.2009 26.05.2009 28.10.2009
54. 4.00 1.10 29.09.2011 30.03.2011 24.08.2011
63. 3.10 1.50 21.11.2011 25.07.2011 21.11.2011
50. 1.60 3.20 20.06.2011 07.02.2011 07.06.2011

55. 5.80 11.60 19.08.2011 04.03.2011 29.07.2011
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Figure 2. CEA fluctuation of at least 1.1 ng/ml under adjuvant chemotherapy.

The transient growth of CEA values occurred either during chemotherapy (5 pa-
tients), or in a minority (2 patients) the increase was detected at one month or maximum
two months post chemotherapy. Some of the CEA values were slightly above the normal
range (median increase of 4.9 ng/ml, range 2.2-17.4 ng/ml and a median difference from
the minimum value of 1.54 ng/ml). In 6 out of 7 cases the values returned to “normal”
(<5ng/ml).

In 12/34 of the patients with a fluctuation of at least 1.1 ng/ml neither due to relapse
nor to adjuvant chemotherapy (35.3% of patients with fluctuation) a possible association
between the growth of the marker and a benign pathology was found in 5 patients, who
were fully investigated for all possible benign pathology such as colorectal adenomas and
liver disease to name just the most frequent possible causes (Table 4, Figure 3).

Table 4. CEA increase at least 1.1 ng/ml for patients with no relapse and no adjuvant chemo-
therapy (probably benign causes and non-relevant fluctuations).

Patient Possible cause for CEA Min. value Max. value Difference of at
number fluctuation ) ) least 1.1 ng/dl
9. Not inve'stigated for all 5 49 .83 134
benign causes
4. Not investigated -//- 3.22 4.69 1.47
16. Not investigated -//- 1.60 5.78 4.18
19. Ulcerative colitis 2.97 35.50 32.5
18. Colic adenoma 1.00 2.40 1.40

53 Cholecystitis 2.30 4.50 2.20
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75 Not investigated -//- 1.50 3.10 1.60
44 Not investigated -//- 1.20 3.60 2.40
45 Not investigated -//- 2.90 4.50 1.60
59 Not investigated -//- 1.60 2.90 1.30
61 Gastritis 9.20 13.5 4.30
70 Colic adenoma 2.70 8.40 5.70
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Figure 3. CEA fluctuation at least 1.1 ng/ml for patients with no relapse and no adjuvant chemo-
therapy

A total of 44/78 (56.4%) patients had no increase in CEA values of at least 1.1 ng/ml
and no relapse.

Allin all, 34/78, 43.6% of patients had fluctuations of CEA of at least 1.1 ng/ml. From
these 34 patients in 27 (79.4%) increases of CEA were explained by recurrence, adjuvant
chemotherapy or benign pathology. The odds ratio of a relapse in the presence of a CEA
increase of at least 1.1 ng/ml was 4.17 (95% CI 1.45-11.97, p=0.0079). (Table 5.)

Table 5. CEA fluctuation and clinical recurrence

Variable Clinical recurrence No clinical re- Total
currence
CEA fluctuation 15 19 34
No CEA fluctuation 7 37 44
Total 22 56 78

1 OR 4.17 (95% CI 1.45-11.97, p=0.0079).
The estimated overall survival at 48 months (4 years) and disease-free survival rate,
for the same period is shown in Fig. 4.
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Figure 4. OS and DFS at 4 years.

The disease-free survival was significantly influenced by the post-surgery value of
CEA. Patients with CEA values < 2.5 ng/ml had a disease-free survival (DFS) at 4 years of
89%, while patients with values > 2.5 ng/ml had a DFS rate of only 55%. (Fig. 5)
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Figure 5. The post-surgery value of CEA marker and the DFS.

4. Discussion

The disease-free survival was significantly influenced by the post-surgery value of
CEA, being almost double in patients with values < 2.5 ng/ml compared to patients who
had values >2.5 ng/ml. Several studies have demonstrated that the pre-treatment value of
this marker affects survival (values > 4-6 ng / ml) [9-10]. However, only scarce data is
available about postoperative levels. In this study we demonstrated a correlation be-
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tween disease free survival and “post-curative” value of CEA. This result is similar to
that published in the post hoc analysis of the MOSAIC and PETACC-8 trials. In this
analysis the 3-year DFS rate was 75%, 65%, and 45% in a group of patients with CEA level
of 0-1.30 ng/mL (n = 630), 1.30-5 ng/mL (n = 613), and >5 ng/mL (n =49). [11]

Metastases as the only form of relapse, represented the majority (54 %) among pa-
tients with treatment failure, followed by metastasis along with local recurrence, mean-
while the fewest subjects had only local recurrence. This data is consistent with the liter-
ature, metastasis alone being the leading cause of treatment failure [12].

Five patients (22.7 %) with clinical recurrence presented an earlier increase of the
CEA, although its value remained in standard normal range of values (<5 ng/ml for
smokers). The ability to suspect a relapse at lower values of CEA is important, since CEA
climbs up gradually as shown in the Dutch TME clinical trial: when relapse was diag-
nosed during follow-up, CEA values were normal at the first measurement in 81% of
patients at a threshold of 5 ng/ml and in 66% at a threshold of 2.5 ng/ml.

Seven patients, 31.8% of the clinically relapsed patients did not present neither
fluctuations of CEA > 1.1ng/ml nor increases above 5 ng/ml, underlining the need of
combined CEA-CT follow-up. These relapsed patients lack of CEA secretion above a
certain arbitrarily defined level. CEA cellular expression and secretion is around 50-70%
[13], depending on primary or relapsed cancer and is thus cannot be used as an univer-
sally sensitive tumor marker. In our study “CEA-silent” relapsed patients had CEA val-
ues of less than 3.4 ng/ml.

Twenty-one patients had increases of CEA of at least 1.1 without presenting relapse.
These elevations were transitory, even though in some cases the values exceeded by far 5
ng/ml. Only 5/21 patients underwent general investigations to determine non-oncological
causes of CEA growth. The cause of CEA increase in these cases were colic adenoma,
cholecystitis, ulcerative colitis and antral gastritis. These were all benign diseases which
were worth addressing with treatment, in other words the alarm value of 1.1 ng/ml can
be useful in these pathologies.

A study of the literature shows that several types of benign pathologies, including
gastric, liver and lung diseases and premalignant lesions can result in increase of CEA
over normal values in the absence of a malignancy [14-17]. The values in these cases are
rarely over 10 ng/ml, although not exceptional'¥; in our study there were only two pa-
tients with values over 10 ng/ml. In our study in almost all cases there was a subsequent
return to the normal range of values.

Hypothyroidism can be a cause for abnormal CEA and TSH and fT4 should be
measured if there is an otherwise unexplained increase of CEA [18].

Age and even blood groups influence CEA but its values are rarely over 3.4-5 ng/ml
[19].

There are proponents of an adjusted CEA value based on age, BMI, WBC count, Hb,
fasting glucose, AST, creatinine, triglyceride and HbA1c levels [20].

Another possible cause to take into consideration when examining CEA elevations is
adjuvant chemotherapy. A hypothesis that would explain this phenomenon, is the re-
lease of CEA from the apoptotic cells during chemotherapy, similar in patients receiving
palliative chemotherapy. Another more likely explanation for the CEA increase could be
the gastrointestinal toxicity or liver toxicity of chemotherapy. (Physiologically the liver
clears CEA efficiently from the serum.) Mitchell et al also observed a transient increase of
CEA during adjuvant chemotherapy with influence on the relapse risk [21].

5. Conclusion

An increase of CEA marker with at least 1.1 ng/ml, detected in the post-surgery fol-
low up, even though in the normal range of values, should raise the hypothesis of a re-
lapse and prompt close monitoring of patients, since it can predict a clinical recurrence
with several months in advance. Other causes, such as adjuvant chemotherapy, gastric
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pathology and adenomas are important factors to be taken into consideration in
post-surgery follow up regarding CEA dynamics, causing transient increases of the val-
ues even above 5 ng/ml. Disease-free survival is significantly influenced by the postop-
erative value of the CEA with a cut-off value of 2.5ng/mL.
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