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Abstract: Objective: Colorectal cancer (CRC) is a leading cause of
cancer-related mortality worldwide. Circulating tumor DNA (ctDNA) has
emerged as a promising biomarker for CRC management, offering real-
time insights into tumor burden and genetic mutations. This study inves-
tigates the correlation between carcinoembryonic antigen (CEA) levels,
ctDNA, clinicopathological factors, and treatment outcomes in early and
advanced CRC patients.

Methods: The study retrospectively analyzed data from CRC patients,
including those with early-stage disease who underwent curative treat-
ment and those with metastatic disease. ctDNA levels, demographic data,
and clinical parameters such as CEA, inflammatory indexes, and tumor
characteristics were evaluated to determine correlations with treatment
outcomes.

Results: The study included 20 patients, with 60% diagnosed at the meta-
static stage. Among metastatic patients, the liver, bone, and lung were the
most common metastasis sites. When the ctDNA levels of the patients
were evaluated, the mean value was found to be 9.96+12 in patients with
early stage (stage 2-3) colon cancer, while it was 9.75+13 in metastat-
ic stage disease. No significant relationship was found between ctDNA
levels in both early-stage disease and metastatic stage disease (p 0.903).
Additionally, when the relationship between ctDNA levels and early-stage
relapse was examined, no significant relationship was found between the
ctDNA levels and early- stage relapse and patients who did not develop
relapse (p 0.167). While CEA and ctDNA levels were measured, they did
not demonstrate a significant relationship with treatment outcomes.
Conclusion: Despite its potential, the integration of ctDNA as a routine
biomarker in CRC care faces challenges, including variability in meas-
urement techniques and cost-effectiveness. However, ctDNA’s ability to
guide personalized treatment strategies and monitor disease recurrence
holds promise. The study’s findings align with previous research, suggest-
ing ctDNA as a poor prognostic indicator, though further research is need-
ed. ctDNA represents a significant advance in CRC management, offering
non-invasive, real-time insights into tumor dynamics. Ongoing research is
expected to solidify its role in personalized treatment planning, potentially
leading to more effective and tailored therapies for CRC patients.
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INTRODUCTION

Colorectal cancer (CRC) is a significant contributor
to cancer-related illness and death globally. Studies
have highlighted circulating tumor DNA (ctDNA)
as a valuable biomarker for managing, diagnosing,
and treating CRC. It has been demonstrated to be
useful in assessing treatment response in advanced-
stage disease and in determining the need for
adjuvant treatment as well as treatment escalation or
de-escalation in early-stage disease. CtDNA, which
consists of freely circulating tumor-derived DNA
fragments in the blood, offers several advantages
over traditional laboratory-based biomarkers and
radiological evaluations. One of its key benefits
is the ability to provide real-time information on
tumor burden and genetic changes, which is crucial
in CRC for timely detection of disease recurrence
or treatment response. The concept of ‘minimal
residual disease, commonly used in hematological
malignancies, is also applicable to solid organ
malignancies with ctDNA detection. In early-
stage patients undergoing curative treatment like
surgery, detecting measurable levels of ctDNA in the
circulation is an important indicator for diagnosis
and disease recurrence, impacting the need and
timing of adjuvant treatment. CtDNA analysis can
help identify driver mutations in the tumor, guiding
personalized treatment strategies such as targeted
therapies orimmunotherapies. By evaluating ct DNA-
based mutations from the circulation, clinicians can
improve the effectiveness of treatment and patient
survival rates by detecting the dominant colonic
features in the tumor. However, the expanded use of
ctDNA testing has presented some challenges, such
as the lack of standardized measurements, variations
in test sensitivity and specificity, and unresolved
cost-effectiveness issues.

In this study, we aimed to assess the correlation
of carcinoembryological antigen (CEA) levels,
clinicopathological risk factors, and ctDNA levels
with treatment outcomes in patients with early and
advanced CRC.

METHODS

We began by reviewing the records of both early-
stage and advanced-stage CRC (Colorectal Cancer)
patientswhounderwent ctDNA testingat our hospital
between 2015 and 2022. The inclusion criteria
were as follows: patients over 18 years old who had
received curative treatment, had undergone ctDNA
testing, and tested positive for ctDNA; and patients
diagnosed at the metastatic stage with measurable
ctDNA levels before treatment were also included
in the study. Among early-stage CRC patients, those
who had ctDNA testing after curative treatment,
tested positive, and were considered for adjuvant
therapy were included. In metastatic CRC patients,
treatment-naive individuals with measurable ctDNA
levels were evaluated. In addition to pre-treatment
ctDNA testing, demographic data such as patients’
age, gender, comorbidities, diagnosis date, stage at
diagnosis, and treatments received were examined.
Simultaneously with the submission of ctDNA levels
for both metastatic and early-stage diseases, full
blood counts, inflammatory indices, tumor markers
such as CEA, and biochemical parameters were
included in the evaluation.

The correlation between ctDNA levels at the time
of diagnosis and pathological features, prognostic
indices at diagnosis, and tumor marker values were
assessed. For early-stage patients who underwent
surgery, the correlation between ctDNA levels
measured before adjuvant therapy and the likelihood
of disease recurrence was evaluated. In metastatic
patients, ctDNA levels were correlated with the
location and number of recurrences. Additionally,
the correlation between ctDNA levels and molecular
test results was evaluated in metastatic patients.

The data were transferred to the computer
environment with SPSS v20.0 program and
descriptive analysis was performed. Data were
presented as mean (mean) * standard deviation
(SD), median, lower value (LV), upper value (UV),
number (n) and percentage (%).
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RESULTS

In this study, 20 patients diagnosed with early and
advanced stage colorectal cancer who were followed
up and treated at Cukurova University medical
oncology clinic were included. 5 (%25) of our patients
were female and 15 (%75) were male. Their average
age was 53. While 12 (%60) of our patients were
diagnosed at the metastatic stage, the remaining 8
(%40) patients were diagnosed as early stage disease.
Only 8 of metastatic patients were recognized as
denovo metastatic disease. When the patients were
evaluated according to their metastasis areas, the
most common were liver, bone and lung metastases,
while lymph node and peritoneal metastases were
less common. While 6 (%30) of the patients did
not have an additional comorbid disease, 14 (%70)
patients had an accompanying comorbid disease.
The most common comorbidity was the combination
of type-2 diabetes, hypertension and ischemic
heart disease. When evaluated according to tumor
location, 6(%30) patients were located in the right
colon and 14 (%70) patients were located in the left
colon. 14 patients (%70) were in the rectosigmoid
region, 3 patients (%15) were in the transverse
colon, 3 patients (%15) were in the cecum and
hepatic flexura. While 8 (38.1%) of the patients did
not undergo primary-directed surgery, 12 patients
(57.1%) underwent primary-directed surgery. The
average number of lymph nodes removed in the
patients was over 15. RO surgical margins were
obtained in all patients. When both early stage and
advanced stage patients were examined in terms of
targeted mutations, 9 patients (%45) were found to
be RAS mutant, 1 patients (%5) were found to be
BRAF mutant, while 3 patients (%15) were found to
have both RAS and BRAF was detected as wild. Only
1 of our patients had a familial syndrome, which was
Lynch Syndrome. Since the patient was diagnosed at
an early stage and did not develop recurrence, other
advanced genetic molecular investigations and MSH
status could not be evaluated. When microsatellite
instability was evaluated in all patients, they were
found to be stable (MSS). No patient was considered

unstable (MSH). The demographic characteristics of
the patients are detailed in Table 1.

All  early-stage patients received adjuvant

chemotherapy. The most commonly used
chemotherapy regimens are; FOLFOX was preferred
in 46.1% of cases, CAPOX, preferred in 38.4%, and
single-agent capecitabine, preferred in 15.38%. When
the treatment durations were examined, 3 patients
(38%) received 3-month adjuvant treatment, while 5
patients (62%) received 6-month treatment (Figure
1). It was observed that 3 of the early-stage colon
cancer patients included in the study developed
recurrent disease with distant metastasis after the

completion of adjuvant treatment.

When the metastatic patients included in the
study were evaluated, 8 of the patients had de
nova metastatic disease. The most common areas
of metastasis in these patients were the liver, lungs
and bones. There were no cases of single-organ
metastasis. When first-line treatment options in
metastatic stage disease were examined, FOLFOX
was the most frequently applied regimen with
42.9%, while FOLFIRI was preferred as the second
most common regimen with 14.3%. Monotherapy
with capacitabine was used in 1 patient with 4.8%,
FOLFIRINOX triplet regimen was preferred in 1
patient with 4.8%. Regarding the use of biological
agents accompanying chemotherapy, biological
agents could not be administered to 5 patients due
to various complications. However, biological agents
were added to the existing chemotherapybackbonein
7 patients. When examining the preferred biological
agents, Bevacizumab was the most frequently used,
at a rate of 42.9%. Less commonly, Cetuximab and
Panitumumab were used, respectively.
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Table 1. Baseline Characteristics of Patients With
Colorectal Cancer

Characteristic Patients (n:20)
Cancer Stage

Stg-2 4 (%20)
Stg-3 4 (%20)
Stg-4 12 (%60)
Sex

Men 15 (%75)
Women 5 (%25)
Age,median (range),y 53
Localization

Left Colon and Rectum 14 (%70)
Right Colon and Transverse 6 (%30)
Mutations

K/N/H RASm 9 (%45)
BRAFm 1 (%5)
MSS 13 (%65)
MSI 0
Unknown 7(%35)
Prior Adjuvant chemotheraphy

Stg-2 4 (%20)
Stg-3 4 (%20)
Stg-4 (relapse recurrent) 4 (%20)
Metastatic Site

Liver 8 (%40)
Lung 3 (%15)
Bone 2 (%10)
Lymph node 5 (%25)
Peritoneal 2 (%10)
Pathological Findings

Histology Adenocarcinoma 19 (%95)
Mucinous carcinoma 1 (%5)
Differentiation 3(%15)
Well dif. 7 (%35)
Moderately dif. 2 (%10)
Poorly dif. 8 (%40)
Unknown 10 (%50)
LVI (positive) 10 (%50)
PNI (positive) 4 (%20)
Metastatic Lymph node 3 (%15)
NO 1(%5)
N1

N2

Surgery

Elective Surgery 11(%55)
Emergency Surgery 1(%5)
*Abbreviations:  MSI, microsatellite instability; MSS,
microsatellite stability; LVI, lymphovascular invasion;PNI;
perineural invasion

Only 3 patients diagnosed at the early stage
were alive when overall survival was examined.
The remaining 17 patients had died due to disease-
related or other causes. CEA values at the time of
diagnosis could not be evaluated in 6 patients due to
inaccessibility, and were evaluated in 14 patients. The
mean CEA mean values at the diagnosis were found
tobe 7.12 (>3). While C-reactive protein (CRP) levels
at the time of diagnosis could not be evaluated in 6
patients due to lack of data, they were assessed in 14
patients. The mean CRP levels at diagnosis were 26.1
(>0.8). When the ctDNA levels of the patients were
evaluated, the mean value was found to be 9.96+12
in patients with early stage (stage 2-3) colon cancer,
while it was 9.75+13 in metastatic stage disease. No
significant relationship was found between ctDNA
levels in both early stage disease and metastatic
stage disease (p 0.903). Additionally, when the
relationship between ctDNA levels and early stage
relapse was examined, no significant relationship
was found between the ctDNA levels and early stage
relapse and patients who did not develop relapse (p
0.167). When overall survival and ctDNA levels were
evaluated, the mean ctDNA levels of the 3 patients
who survived were 5.49, while the mean ctDNA
levels of the 18 patients who had died were found
to be 10.15. Although the ctDNA levels of surviving
patients were numerically half of those in deceased
patients, there was no statistical significance (p =
0.498). Similarly, when ctDNA levels were compared
with CEA and CRP levels, no statistical significance
was reached.

Patients' adjuvant treatment preferences and duration

FOLFOX CAPOX CAP

m3Mo mé Mo

Figure 1. Patients Adjuvant Treatments and Durations
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DISCUSSION

In this study, the aim was to investigate the
DNA
(ctDNA) levels, clinicopathological risk factors,

relationship between circulating tumor
and treatment outcomes in patients with early and
advanced colorectal cancer (CRC), and to present
these findings as survival data. Our cohort provides
valuable insights into the potential role of ctDNA
as a prognostic and predictive biomarker in the
management of CRC.

Cell-free nucleic acids are fragments of
extracellular DNA (cfDNA) or RNA (cfRNA) that
can be detected in a variety of body fluids (1).
These may be due to tumor apoptosis, necrosis or
paraneoplastic releases. These tumor-associated
nuclear fragmentations are called ‘circulating tumor
DNA or ‘circulating tumor RNA" when found in the
blood or lymphatic circulation (2). Their half-life
is approximately 114 hours. Depending on these
half-lifes, ctDNAs constitute 0.1%-10% of cfDNAs
(3,4). An increasing number of studies describe the
potential uses of circulating tumor DNA (ctDNA)
in the care of patients with colorectal cancer.
However, unlike tissue biopsy, it has rapidly become
widely used in the clinic because it is noninvasive,
represents heterogeneous structures, and is easy and
reproducible. Although the most common and well-
known use of ctDNA is in blood, many other body
fluids such as cerebrospinal fluid, saliva, pleural
effusion, ascites, and urine samples can also be
used(5-8). A number of different analytes are being
investigated with different technologies, including
not only these but also circulating tumor cells, tumor-
educated platelets, exosomes, circulating nucleic
acids, proteins and metabolites (9). Unfortunately,
the detectable amount of ctDNA measured is closely
related to tumor volume. For example, ctDNA has
been shown to be detectable in 10-15% of patients
with curatively treated stage II disease and 50-90%
of patients with metastatic colorectal cancer(10-12).
In our study, we examined ctDNA levels in blood,
which is the most commonly analyzed source.
Numerous studies have been heterogeneous, showing
varied analyses and outcomes. However, more recent

comprehensive studies indicate that ctDNA will soon
be integrated into the routine care of both advanced
and early-stage colorectal cancer patients, providing
crucial guidance in patient management. There
are many ongoing studies aiming to incorporate
ctDNA usage in both early-stage and advanced-
stage colorectal cancer treatment. When reviewing
studies on why ctDNA is important in the early
stages or how it can be integrated, the underlying
hypothesis typically revolves around post-operative
management (13). In patients receiving curative
treatment, the objective is to provide prognostic
and predictive insights into which patients should
receive adjuvant therapy, how long it should last, and
whether genomic analysis is warranted in early-stage
disease (14-17). Additionally, ctDNA monitoring
may enable the detection of early recurrences even
before they become apparent on radiological scans
in patients who have undergone curative treatment
(18,19). In metastatic disease, ctDNA could be
used to monitor treatment response, guide the
selection of targeted therapies, identify resistance
mutations that emerge post-treatment, and assess
clonal evolution. As mentioned earlier, ctDNA levels
tend to be higher in metastatic settings compared
to early-stage disease. Although our study showed
numerically higher ctDNA levels in metastatic cases,
statistical significance was not reached, likely due
to the heterogeneity of our patient group and the
small sample size. Other studies have examined how
ctDNA levels vary according to the site of metastasis
(20).

The Gozila study, examined ctDNA levels at the
metastasis site in colorectal cancers with single-organ
metastasis. According to the study, the site with the
lowest ctDNA level was peritoneal metastasis (21).
In another study, higher ctDNA levels were observed
in patients with liver metastases and tumor masses
greater than 1 cm (22). Although this study did not
include a sufficient number of patients with single-
site metastases, ctDNA levels were found to be
higher in patients with visceral metastases, aligning
with findings from other studies.
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CEA and other laboratory clinical risk factors
evaluated in the early-stage disease group have
been examined in many studies with ctDNA levels.
Unfortunately, it has been shown that neither
pathological risk factors nor laboratory markers
such as CEA are sufficient to determine the risk
of recurrence in patients. In fact, in the recent
Galaxia and Dynamic studies, it has been proven
that clinicopathological risk factors alone are not
sufficient. In our study, when ctDNA measurements
made before adjuvant treatment in earlystage
patients were compared with clinicopathological
risk factors of the patients, no statistically significant
relationship was detected. Again, when both the
amount of ctDNA measured in early-stage disease
ctDNA
examined, it was detected at lower rates compared to

and metastatic-stage elevations were
metastatic disease due to the lower disease burden
in early-stage disease and the decrease in ctDNA
secretions due to the disappearance of the primary
tumor and the decrease in ctDNA levels secreted due
to the primary mass. However, when the ctDNA levels
of early-stage colon cancer patients and metastatic-
stage colon cancer patients were examined in our
study, although numerically higher levels were
detected in metastatic-stage disease, this did not
reach statistical significance. However, we think that
this insignificance is due to the insufficient number
of our patients. In a study examining the relationship
between ctDNA and CEA after adjuvant treatment in
early-stage disease and recurrence, 83% of patients
with both ctDNA and CEA elevations after treatment
subsequently experienced recurrence, while only 1
(17%) of patients with high CEA levels but negative
ctDNA, experienced recurrence (23). In a different
study evaluating imaging, CEA and ctDNA levels
in terms of recurrence in resected early-stage colon
cancer cases, it was observed that ctDNA testing
did not provide a definite advantage over standard
imaging and CEA measurement in the follow-up of
resected colorectal cancer patients. In the study, the
sensitivity of ctDNA in patients with recurrence was
determined as 53.3%, imaging had a sensitivity of
60.0% and The sensitivity of CEA levels alone was

20.0%, while in the combined evaluation of ctDNA
and imaging and CEA levels, the sensitivity of the
combination was determined as % 73.3 (24).In this
study, CEA levels could not be reached in 1 of 5
patients diagnosed with early-stage disease and who
experienced recurrence, while 3 patients had CEA
levels within the normal range, and only 1 patient
had CEA elevation consistent with ctDNA. All 4
of the patients had high CEA levels at the time of
diagnosis and before treatment.

Studies have confused the question of whether
adjuvant treatment decisions should be made based
on ctDNA or standard clinicopathological risk
factors. In the latest ESMO 2024 study; it is suggested
that if there is no correlation between ctDNA and
standard clinicopathological risk factors, standard
risk factors are still valid and treatment decisions
should be made accordingly, and the obtained
ctDNA results should be integrated into these
risk factors (25). In our study, when the standard
clinicopathological risk factors of patients who
relapsed after early-stage curative treatment with
ctDNA were evaluated, they constituted a high-risk
patient group, similar to these finding.

Although many studies on ctDNA and colon
cancer have been conducted to date, the first and
only phase-3 randomized trial is the ‘Dynamic’ study.
The results of this study are highly significant and
are expected to bring about substantial changes in
patient treatment management. The Dynamic study
demonstrated that patients in the ctDNA-guided
treatment arm received less chemotherapy compared
to those in the standard treatment arm, which was
based on clinicopathological risk factors. Despite
this reduction in chemotherapy, the recurrence-free
survival (RFS) outcomes at the 2-year follow-up
were non-inferior. Additionally, when both ctDNA
positive and negative arms receiving systemic
treatment were compared, the ctDNA positive arm
showed worse RFS. his suggests that the use of
ctDNA can help prevent overtreatment, while also
emphasizing the need for more intensive treatment
in patients with high or positive ctDNA levels in the
future (26). In our study, out of 9 early-stage patients
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who received adjuvant treatment and had high
ctDNA levels, only 3 did not experience recurrence,
while the remaining 6 developed recurrence. Similar
to other studies, our findings confirm that elevated
ctDNA is a poor prognostic indicator.

This study, despite its contribution to the
literature, also has serious deficiencies. First of
all, the inclusion of both early and advanced stage
disease groups, being a heterogeneous group, the
low number of samples in both groups, the fact that
ctDNA levels were only checked once and could
not be evaluated during follow-up, and the lack of
a control group in both arms are the deficiencies of
our study.

CONCLUSIONS

In conclusion, ctDNA holds great promise as
a valuable biomarker in the management of
colorectal cancer, as it does in many other solid
organ malignancies. Its ability to provide real-time
and consistent information on tumor burden and
associated driver genetic mutations, combined
with the simplicity and non-invasiveness of its
measurement through a blood test, represents
a significant paradigm shift in the diagnosis,
treatment, and monitoring of CRC patients. With
ongoing research, we believe ctDNA will enhance
the potential for personalized treatment planning,
guiding decisions on when to intensify treatment or
adopt a wait-and-see approach.
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