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Role of Tumour Markers CEA and CA19-9 in Colorectal Cancer
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ABSTRACT

Tumour markers Carcino-Embryonic Antigen (CEA) and carbohydrate antigen 19-9
(CA19-9) are used in the diagnosis of colorectal cancer. CEA levels are mainly used
for the measurement of tumour response to therapy and for detecting recurrence of
tumour. To study the use of CEA and CA 19-9 as tumour markers.

A total 32 studies has been included in this review till June 2020. A collective
review of these studies regarding the use of CEA and CA 19-9, their statistical
significance along with their limitations have been discussed and its conclusion is
noted in this review article.

CEA and CA19-9 are useful in preoperative, postoperative, prognosis and follow
up of the patients of colorectal cancer.

The two tumour markers mentioned above can be used preoperatively,
postoperatively, after chemotherapy / radiotherapy and for prognostic significance
in colorectal cancer. It can also be useful in many other adenocarcinomas like gastric
adenocarcinoma, pancreatic adenocarcinoma, lung adenocarcinoma and ovarian
adenocarcinoma.
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BACKGROUND

Carcinoembryonic antigen and carbohydrate antigen 19-9 are
the tumour markers which are useful in the diagnosis of
colorectal cancer. Carcinoembryonic antigen is an autoantigen
present in the intestinal epithelia. It was discovered by Gold
and Freedman in 1965. It is increased in colorectal cancers.!
CEA affects tumours by increasing the survival of tumour cells
and angiogenesis of tumour.2 CEA is not useful in the screening
of colorectal cancer. Preoperative CEA levels are helpful in
staging and planning the surgical management of patients with
colorectal carcinoma. Preoperative elevation of CEA levels
indicate poor prognosis, CEA is used for monitoring during
systemic therapy especially in cases of metastatic colorectal
cancer.3 Thus, serum CEA levels are used to monitor
recurrence of the cancer after surgery, but is not helpful in
screening of the disease.*

Carbohydrate antigen 19-9 is a type of glycosphingolipid.
Serum CA 19-9 levels are mostly increased in patients with
gastrointestinal cancers, such as pancreatic, colon, rectal,
stomach, and liver cancers.> CA 19-9 has been used in clinical
practice along with CEA as a tumour marker. CA 19-9 have
been useful for finding the prognostic significance of the
disease and for monitoring the recurrence of the disease.6 It is
a tumour marker that is observed in elevated serum
concentration with metastatic colon cancer.”

Preoperative CEA is indicated on all newly diagnosed
colorectal cancer, normalization after surgical resection is
expected and serial assays to be monitored on follow up visits.8
Routine serum CEA levels are helpful to monitor the response
of the patient to therapy, when elevated CEA levels normalize
after total tumour resection, or during chemotherapy or
radiotherapy, it indicates good response to therapy. Serial CEA
levels are helpful in the early detection of tumour recurrence
in patients who have undergone resection; as these levels are
elevated in distant metastases as well as in local recurrences.
The appearance of elevated serum levels of these markers is a
sign of recurrence or metastatic lesions in near environment
of the tumour as well as remote ones.” Raised CEA levels can
also be used as a basis for a 'second-look’ surgery.?

Moreover, combined detection of CEA and CA 19-9 is more
sensitive than separate detection in evaluating CRC (Colo-
Rectal Cancer) prognosis.l® Thus, in my study 1 have
considered the role of tumour markers CEA and CA 19-9.

METHODS

Search Strategy

A comprehensive set of keywords or search terms such as CEA,
CA 19-9, tumour markers, colorectal cancer were selected. We
searched PubMed, Scopus, Google scholar and Cochrane
databases. Relevant observational studies were selected till
July 2020. The list of reference articles were retrieved and
were searched via automation and manually. Only human
studies and English language studies were selected.

Data Extraction
Data was extracted by 2 authors into separate forms on
Microsoft excel 2020. Article selection and data extraction
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discrepancies were resolved through discussion. No
publication date restriction was set. Automated and manual
reduplications were performed.

Inclusion Criteria

Those research studies were selected which assessed the use
of CEA and CA 19-9 tumour marKkers in colorectal cancer, use
of the tumour markers CEA and CA 19-9 in other cancers.

Exclusion Criteria

Studies which assessed the use of tumour markers other than
CEA and CA 19-9 in colorectal cancer and tumour markers
other than CEA and CA 19-9 in malignancies other than
colorectal cancer.

DISCUSSION

Tumour markers currently used in colorectal malignancies are
serum CEA and CA 19-9 levels. CEA can be ordered
preoperatively in patients with CRC as it would assist in
staging & surgical treatment planning. Preoperative elevated
levels is a poor prognostic marker. If the patient of a stage II or
stage Il disease is a candidate for surgery or systemic therapy,
then postoperatively CEA levels should be done every 3
months, for at least 3 years after diagnosis. Postoperative CEA
shows whether the resection is complete or not. It is also
useful in follow up visits of the patients. It also helps in
monitoring the response to chemotherapy and radiotherapy.
It is the biomarker of choice for monitoring metastatic disease
during systemic therapy as indicated by 2 studies. CEA is a
useful biomarker in assessing the recurrence in 3 studies. It is
also an indicator of survival rate of CRC patients in 2 studies. It
is more useful in colorectal adenocarcinoma.

Sensitivity of CEA was as high as 90 % in 1 study but other
studies less sensitivity was observed but the specificity of CEA
was more than 90 % in all of the studies. CA 19-9 is also used
as a tumour biomarker but there is less evidence to suggest its
use in clinical practice. Sensitivity was about 50 % as
suggested in 2 studies and specificity was a little higher than
50 % as seen in 3 studies. There is 1 study which showed
similar results as CEA in suggesting poor prognosis. It is also
been found in a study that the sensitivity and specificity
increase when both CEA and CA 19-9 were combined. Many
other markers like KRAS and BRAF mutations are useful for
assessing response of anti EGFR (Epidermal Growth Factor
Receptor) therapy and prognostic stratification in colorectal
cancer. Many other tumour biomarkers such as p53, RAS, MSI
(Micro-Satellite Instability) have been tried but are not
recommended in colorectal cancer.

Review of Previous Studies

J.Y. Kim et al serum CEA levels were done at different time
points, 1 preoperative value and 2 postoperative values of CEA
on postoperative day number 7 and postoperative day number
30.
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Figure 1. Selection of Articles Obtained from the Database

The CEA levels on postoperative day 7 showed significant
overall survival rate but did not have any significance in
disease free survival rate and the CEA levels on postoperative
day 30 was related significantly to both overall survival and
disease-free survival. A single postoperative CEA value have
decreased value in detecting the change in tumour biology1!

In Hayder et al carcinoma cases showed no false positives
and 10.0 % false negatives for CEA levels. Sensitivity of CEA in
detecting colorectal cancer was 90 % and specificity of CEA in
detecting colorectal carcinoma is 100 % respectively.
Carcinoma cases showed no false positives for CA 19-9, with
70.0 % false negatives. Sensitivity of CA 19-9 in detecting
colorectal cancer was 30 % and specificity of CA 19-9 was
found to be 100 %. If the above mentioned markers are
elevated in the serum it is a suggestive of recurrence of the
disease or presence of metastasis. There was positive
correlation of CEA in colorectal carcinomas.12

Polat et al. At the cut-off level of 4.8 ng / mL, sensitivity of
CEA for detecting colorectal carcinoma was 43.9 % and the
specificity of CEA for detecting colorectal carcinoma was 95
0413

Zora et al Serum CEA and CA 19-9 levels were increased in
the patients aged 56 - 65 years in 31.9 % of cases and in the
patients of age 66 - 75 years in 36.3 % of cases. 37.4 % of cases
were localized in the rectum, followed by sigmoid colon with
27.5 % of cases and only 2.2 % of cases were in caecum and
ascending colon.”

Type of Tumours

Adenocarcinoma in 97.8 % cases and mere 1.1 % of cases of
intraepithelial and squamous cell carcinoma type. Metastases
were observed in 40.7 % of cases, predominantly in lymph
nodes in 35.2 % of cases, metastases in the liver in 24.2 % of
cases, metastasis to the lungs in 5.5 % and 1 % in the adipose
tissue.

Imran Bhatti et al showed that sensitivity of CEA in cases
of recurrence was 83 % and specificity of the same was 95 %.
The CEA levels were more increased in cases of recurrence
(true positives) with average CEA of 34 ng / ml, than those
without recurrence (false positives) who had average CEA of 7
ng / ml. Greater the preoperative levels of CEA greater the risk
of developing recurrent disease and poor prognosis. After
complete resection of the tumour, CEA levels fall and normal
levels are reached within 4 to 6 weeks. Elevated CEA levels
following surgery indicates incomplete resection or occult
metastasis.14

Louhimo et al showed that in cases of colorectal cancer the
elevated preoperative CEA levels & CA 19-9 levels indicate
poor outcome in patients with colorectal carcinoma. Tumour
marker CEA is also an independent prognostic factor.15

Carpelan-Holmstrom et al. also observed CEA elevation is
more in patients with rectal carcinoma as compared to CEA
levels seen in patients with colon carcinoma.1é

Bombski et al showed that CEA levels were higher in cases
with distal tumours (9.1 + 1.1 ng / mL) in comparison to cases
with proximal tumours (1.48 + 0.1 ng / mL). CA 19-9 levels
showed similar results as CEA. They were higher in cases with
distal tumours (19.9 + 2.1 U / mL) in comparison to those with
proximal tumours (1.8 + 0.2 U / mL).17

Hamada et al showed that CEA levels were elevated in
patients of colon cancer with lymphatic and vascular invasion
in the primary tumour.18

Khoo et al. showed that the CEA levels of metastatic colon
cancer is grossly increased in metastatic regions as compared
the CEA levels of the primary tumour.19

Filella and colleagues compared CEA and CA 19-9 levels in
diagnosed colorectal carcinoma patients who came for follow
up. CEA levels were abnormal in 84 % with recurrent disease
and CA 19-9 levels were abnormal in only 48 %. CA 19-9
results gave no additional benefit in planning the management
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of colorectal carcinoma compared to information provided by
CEA20

Slentz et al. demonstrated that five year survival rate is
poor in patients with higher preoperative CEA levels
compared to those with a normal preoperative CEA level. They
concluded that preoperatively elevated CEA, is a poor
prognostic factors especially in patients where the CEA levels
does not normalize after a curative resection for colorectal
cancer.2!

Korenaga et al. provided further evidence that CEA levels
as a prognostic tool in recurrent gastrointestinal malignancies.
Patients who had higher CEA levels with colorectal cancer
recurrence as seen during follow-up after curative resection
were considered. The doubling time of serum CEA levels was
examined as an index of tumour growth. It was concluded that
CEA doubling time was a major independent prognostic factor
in colorectal cancer patients.22

Moertel et al. CEA testing for cancer recurrence and in
deciding the interventions (diagnostic & surgical) and the end
resultin a cohort of 1,216 patients following curative resection
of CRC. It was concluded that cancer cures attributable to
surgery performed on the basis of CEA monitoring were, at
best, infrequent.23

Pietra et al. showed that the effectiveness of follow-up CEA
levels were evaluated based on detection and resectability of
recurrent disease and survival after surgery in colorectal
carcinoma patients. Pietra and colleagues concluded that CEA
levels were a very good indicator of recurrent disease and
frequent CEA levels are useful in the follow-up program.2+

De Hass et al. showed the similarities between CT
(Computed Tomography) scan and CEA levels in > 90 % of
cases. The radiological response (stable disease) was similar
to CEA response in 94 % of cases, while in patients with
radiological evidence (disease progression) was similar to CEA
response in 95 % of cases. CT and CEA both are equally
effective in assessing response of hepatic metastasis to
chemotherapy in a case of colorectal cancer.25

Won Kyung Cho et al showed that serum CEA levels after
treatment detects recurrence of the disease and the prognosis
after recurrence of the disease. Serum CEA monitoring should
be done in tumours with normal pre-operative CEA levels.
One-fourth of tumours have normal CEA levels initially but
when recurrent disease occurs there is an elevated CEA level.26

C Aggarwal et al showed that metastatic colorectal cancer
patients undergoing chemotherapy who have elevated CEA
levels have decreased survival rate. CEA levels are
independent prognostic markers for patients undergoing
chemotherapy for metastatic disease.2?

Y. Takahashi et al showed that preoperative abnormal
levels for CEA, and CA 19-9, and both combined were 28.3 %,
29.2 %, and 45.0 %, respectively. With gastric cancers, the
sensitivities for recurrence were 65.8 %, 55 % and 85 %.28

] Lundin et al showed that survival of patients with
pancreatic cancer varies with a low vs. high preoperative
tumour marker level, if stage of disease is not taken into
consideration. When stage was taken into consideration, the
variation was significant only in stage II and stage III, in
patients with resectable disease and those without resectable
disease, and only for CA 19-9. The difference in survival
reflects the difference in tumours biological behaviour with a
low CA 19-9 level in contrast to a high CA 19-9 level.2?
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Wang et al showed that there is significant difference of
serum CEA levels in patients with lung cancer in presence or
absence of tumour metastasis and the effectiveness of CEA
levels to determine tumour metastasis was studied. The
sensitivity of serum CEA level was 85.1 % and specificity of
serum CEA level was 59.7 %.30

Lin et al showed that preoperative serum CEA levels were
higher in cases of advanced stage of primary mucinous ovarian
carcinoma and indicates a poor prognosis.3!

N. R. Hall et al showed that sensitivity and specificity of
CEA alone is 76 & 86 % respectively and that of CA 242 is 60 &
87 % respectively. When both were combined the sensitivity
and specificity were 48 % and 95 % when both are abnormal
and 88 % and 78 % when either is abnormal.32

Nasif et al showed that when serum CEA and p53 both
were combined in CRC they showed a more statistically
significant results in terms of clinical outcome, mean survival
rate and shows the disease progression from an in situ cancer
to invasive cancer than both separately.33

CONCLUSIONS

CEA and CA 19-9 are done in preoperative, postoperative and
metastatic setting. CEA done preoperatively is used for staging
of the disease and planning the surgical intervention. Raised
preoperative CEA levels (> 5 ng / mL) are associated with poor
prognosis. Early cancer and increase in stage show raised
preoperative CEA levels. Elevated preoperative CEA levels in
colorectal carcinoma patients in stage IIl and stage IV is a risk
factor for local recurrence and also for decrease in disease free
survival and overall survival.

CEA levels usage for postoperative surveillance should be
assessed before resection. Preoperative raised CEA levels is an
indicator as to whether they would be useful for surveillance
or not. Post-operatively, CEA levels should be done 3 monthly
in colorectal carcinoma patients which is of stage Il and stage
Il disease for 3 years, if the patient has a disease which is
resectable or is a candidate for systemic therapy. Raised CEA
levels should be evaluated in metastatic disease, but there is
no information regarding whether to give adjuvant therapy or
systemic therapy for the metastasis.

CEA levels are important indicators for recurrence in
asymptomatic patients, is cost effective than radiology for
detecting recurrence and liver metastases. In patients with
metastatic colorectal cancer, CEA levels are the tumour
markers of choice during systemic therapy for disease
monitoring. CEA levels must be measured before treatment for
metastatic disease and repeated 1 to 3 monthly during anti-
blastic treatment. Persistently elevated values above baseline,
restaging must be done and suggests progressive disease with
no radiographic evidence. There may be elevated CEA levels in
the initial 4 to 6 weeks of a new anti-blastic treatment,
especially after usage of some drugs ex: oxaliplatin.

The usage of combination of tumour markers aids in the
diagnosis of colorectal cancer prognosis. Few combinations of
CEA with CA 242 and with p53 have shown significant results.
CEA and CA 19-9 levels are useful for detecting recurrence in
patients with gastric cancers. It is useful in predicting overall
survival of patients diagnosed with pancreatic cancers. CEA is
also a useful prognostic marker in ovarian and lung cancer.
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e CEA - Carcino-Embryonic Antigen.

e CA19-9 - Carbohydrate Antigen 19-9.
e CRC- Colo-Rectal Cancer.
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