
Journal Full Title: Journal of Biomedical Research & Environmental Sciences
Journal NLM Abbreviation: J Biomed Res Environ Sci
Journal Website Link: https://www.jelsciences.com
Journal ISSN: 2766-2276
Category: Multidisciplinary
Subject Areas: Medicine Group, Biology Group, General, Environmental Sciences
Topics Summation: 133
Issue Regularity: Monthly
Review Process: Double Blind
Time to Publication: 21 Days
Indexing catalog: IndexCopernicus ICV 2022: 88.03 | GoogleScholar | View more
Publication fee catalog: Visit here

DOI: 10.37871 (CrossRef)
Plagiarism detection software: iThenticate
Managing entity: USA
Language: English
Research work collecting capability: Worldwide
Organized by: SciRes Literature LLC
License: Open Access by Journal of Biomedical Research & Environmental Sciences is 
licensed under a Creative Commons Attribution 4.0 International License. Based on a 
work at SciRes Literature LLC.
Manuscript should be submitted in Word Document (.doc or .docx) through

Online Submission
form or can be mailed to support@jelsciences.com

Bibliographic Information System

 Vision: Journal of Biomedical Research & Environmental Sciences main aim is to enhance the importance of science and technology to the scientific community and also to provide an equal opportunity to 
seek and share ideas to all our researchers and scientists without any barriers to develop their career and helping in their development of discovering the world.

IndexCopernicus 
ICV 2022: 

83.03

https://portal.issn.org/resource/ISSN/2766-2276
https://www.jelsciences.com/assets/img/subjects.php
https://www.jelsciences.com/archive.php
https://www.jelsciences.com/peer-review-process.php
https://www.jelsciences.com/indexing.php
https://www.jelsciences.com/publication-fee-2021.php
https://search.crossref.org/?q=%22Journal+of+Biomedical+Research+%26+Environmental+Sciences%22&from_ui=yes
https://www.jelsciences.com/crossref-similarity-check.php
https://www.jelsciences.com/submit-form.php
https://www.jelsciences.com/
https://urlis.net/xm1nc7iy


 

RESEARCH ARTICLE

CA19-9 as a Diagnostic Biomarker for 
Pancreatic Cancer
Nandi Shalita*
Biomedical Science, Queen Mary University, London, UK

*Corresponding author(s)

Nandi Shalita, Biomedical Science, Queen 
Mary University, London, UK

Email: bt.devresearch@gmail.com

DOI: 10.37871/jbres2022

Submitted: 10 October 2024

Accepted: 18 October 2024

Published: 25 October 2024

Copyright: © 2024 Shalita N. Distributed under 
Creative Commons CC-BY 4.0 

 OPEN ACCESS 

VOLUME: 5 ISSUE: 10 - OCTOBER, 2024

MEDICINE GROUP

CANCER ONCOLOGY

How to cite this article: Shalita N. CA19-9 as a Diagnostic Biomarker for Pancreatic Cancer. J Biomed Res Environ Sci. 2024 Oct 25; 

5(10): 1349-1354. doi: 10.37871/jbres2022, Article ID: JBRES2022, Available at: https://www.jelsciences.com/articles/jbres2022.pdf

Abstract
CA19-9 is a biomarker often used in pancreatic cancer diagnosis; it 

measures serum CA19-9 levels in the blood which corresponds to cancer 
status and even staging. It is used clinically but not as a screening biomarker 
as it doesn’t have the specifi city needed to make it cost-effective in a screening 
programme. It can be used before and after treatment as it can help in choosing 
a treatment plan. It is used to see if this treatment is working, so it works as a 
predictive and prognostic biomarker as well. It’s recently been used alongside 
tumour marker genes to improve its sensitivity and specifi city.

Introduction
Pancreatic Cancer (PC) is serious medical condition with a low survival 

rate. In 2022, there were 62,210 new cases and 49,830 people died from it 
in the U.S. This shows there is a need for better ways to detect it early as 
patients do not fi nd out they have it until it has already advanced, which 
makes treatment harder. People who are at higher risk, such as those with 
family history, smokers, older people, and those with diabetes, need better 
ways to be checked. If pancreatic cancer is diagnosed early, like at stage 1a, 
the survival rate can be as high as 68.7%, which is a better outcome.

Carbohydrate Antigen 19-9 (CA19-9) is one important biomarker that 
indicates how much cancer is in the body. While it is good for keeping track 
of treatment and understanding how a patient is responding to treatment, 
it is not specifi c enough for screening because it can show up in other 
health issues too. Moreover, around 5-10% of the patients do not make 
CA19-9, so the test might not work for everyone.

This paper investigates how CA19-9 helps with diagnosing and 
managing pancreatic cancer, what its limits are, and how using it with 
other markers might help detect the disease earlier. Understanding these 
issues is important to improve cancer treatment.

Pancreatic Cancer 
Pancreatic Cancer (PC) is a highly fatal cancer; the 5-year survival rate 

is incredibly low. In 2022, incidence in the US was 62,210 and the number 
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of deaths was 49,830 [1]. It has very poor prognosis 
and the main reason for this is that patients are 
often diagnosed at such a late stage [2]. Pancreatic 
cancer has been linked to smoking and diabetes and 
most cases occur in the elderly (60-80 years old). 
There are some gene mutations that are known to 
increase the chances of developing pancreatic cancer 
including BRCA2 and CDKN2A so there is a genetic 
predisposition in some patients [3]. About 10% of 
PC cases have familial basis; there is a much higher 
risk of developing cancer if one or more fi rst-degree 
relatives have been diagnosed with PC [4]. 

Early detection of PC is of the utmost importance. 
A study of PC patients found that those diagnosed 
at stage 1a had a survival rate of 68.7% which is a 
promising prognosis [5]. As seen in fi gure 1, the 
survival rate of early-stage cancer is much better 
as treatment options like pancreatectomy are more 
eff ective before metastasis. 

There is very clearly a need for a screening 
programme for people at risk of developing pancreatic 
cancer because early diagnosis greatly benefi ts 
prognosis of patients. This would include individuals 
with fi rst-degree relatives with PC, smokers, the 
elderly, and people with diabetes. As of right now, the 
NHS doesn’t have a screening programme for people 
at risk of developing pancreatic cancer.

CA19-9

Carbohydrate antigen 19-9 (also known as 
cancer antigen 19-9) is a biomarker that is a sign of 
abnormal glycosylation in pancreatic cancer. CA19-
9 was fi rst discovered as a biomarker in 1979 when 
it reacted with a 1116 NS 19-9 monoclonal antibody 
from a murine spleen inoculated with a human colon 
cancer cell line [6]. CA19-9 indicates circulating 
Sialyl-Lewis levels (a tetrasaccharide antigen) in the 
blood; tumours express more sialyl-Lewis antigens 
because it helps with extravasation and metastasis of 
the cancer [7]. The test is done by radioimmunoassay. 
The tests use specifi c antibodies and labelled antigens 
to fi nd and quantify the select antigen (in this case, 
CA19-9) which form antigen-antibody complexes 
[8]. Raised CA19-9 levels in the blood (more than 36 
u/ml) indicates a problem and will usually be followed 
by more tests. The test still works by CA19-9 reacting 
with a monoclonal antibody [9].

CA19-9 has proven to be an eff ective biomarker; 
in a study to test the sensitivity of CA19-9, the 
biomarker produced a result of 81.3% [2]. It has a 
reported median sensitivity of 79% and specifi city of 
82% [10]. It’s important to note that this isn’t just for 
late-stage PC. In a study of 726 phase II PC patients, 
CA19-9 had a sensitivity between 70-78% [11]. So, it 
can eff ectively detect early-stage PC as well.

Figure 1 Graphs showing the 10-year survival of patients with pancreatic cancer after a pancreatectomy according to UICC stage. Stage I 
survival is high and signifi cantly more promising than later stages. In stage II and onwards, the pancreatectomy made a statistical difference 
in survival rate. Egawa Shinichi, Japan Pancreatic Cancer Registry; 30th Year Anniversary, Pancreas 2012, fi gure 8 [5].
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The problem with CA19-9 as a diagnostic biomarker 
for pancreatic cancer is that some pancreatic cancer 
cases have no Lewis antigen. About 5-10% of PC 
patients are Lewis antigen-negative meaning there 
will be very little CA19-9 in the blood [12]. So, for these 
patients a CA19-9 test would have very low sensitivity 
and would show as a false negative.

The perfect diagnostic biomarker would have 
perfect sensitivity and specifi city; it would only detect 
the disease in question and not any other illnesses. 
Unfortunately, this is not CA19-9. There have been 
some cases of false positives where high CA19-9 
levels are detected in patients with liver damage, 
infl ammation, uncontrolled diabetes mellitus and 
some other non-pancreatic cancer pathologies [9]. 
This of course calls into question the specifi city of 
CA19-9 and is part of the reason this biomarker isn’t 
used to screen for PC.

Other biomarkers

While CA19-9 is still the only biomarker that 
has been FDA approved for pancreatic cancer, it’s 
not the only biomarker that’s been investigated in 
PC research. CEA (Carcino Embryonic Antigen) and 
CA125 levels are regularly tested and checked in PC 
patients and are followed throughout therapy to 
assess the tumour response to treatment. CA125 has 
been researched as a possible diagnostic biomarker 
for PC. While it’s been found to be a fairly eff ective 
diagnostic biomarker of metastatic PC and non-
invasive PC [13]. It is not as eff ective as CA19-9; it has 
a worse sensitivity and specifi city and it defi nitely 
can’t be used for screening as it detects many more 
pathologies than just pancreatic cancer [14]. It’s 
mostly used in ovarian cancer patients.

While CEA has a much better specifi city (89%), 
it unfortunately has very poor sensitivity (45%) 
[15]. It is mostly used as a predictive and prognostic 
biomarker. 

However, these two biomarkers are not without 
their benefi ts; as seen in fi gure 2, where CA19-9 does 
a poor job of detecting PC in Lewis-negative patients, 
CA125 and CEA do a much better job [16]. 

Other uses of CA19-9 in PC

Because the CA19-9 test gives a quantitative 
result and the amount of CA19-9 in blood directly 
corresponds with the how far along the cancer is, 
CA19-9 can double as a prognostic biomarker. It can 

be used to help stage patients and give an accurate 
prognosis as patients with normal CA19-9 levels have 
a longer average survival than those with high CA19-
9 in the blood [17].  

CA19-9 is also sometimes used as a predictive 
biomarker. It’s thought that when CA19-9 serum 
levels are below 100 U/ml the tumour can usually be 
removed in surgery (resectable) before it spreads but 
serum levels above 100 U/ml indicate a metastatic 
cancer [18]. However, there have been cases of lower 
[19] and higher [20] average CA19-9 serum levels 
for resectability of cancer in studies. It’s used both 
pre- and post-operatively and in cases where the 
tumour isn’t removed surgically CA19-9 can be used 
to monitor a patient’s response to other treatment 
like chemotherapy. So it has been used as an eff ective 
prognostic and predictive biomarker in many studies 
and is used in treatment of patients (along with other 
biomarkers and tests) [21-23]. 

What’s new for CA19-9?

In a study published last year, researchers found 
that considering fucosyltransferase (a tumour marker 
gene) genotypes in the interpretation of CA19-9 test 
results instead of applying a universal cut off  point for 
the expected CA19-9 levels in PC patients can improve 
diagnostic accuracy [24]. Fucosyltransferase (FUT) 
genes are involved in the synthesis pathway of CA19-
9. More specifi cally, the genes that code for the FUT2 
and FUT3 enzymes have a great impact on CA19-9 
secretion. The role of the FUT3 enzymes is to convert 
the CA19-9 precursor sialyl-Lewis, into CA19-9. FUT2 
breaks it down and goes on to determine secretor 
status of ABO (blood group) antigens [25]. So, an 
active FUT3 enzyme, increases CA19-9 secretion, 
and an active FUT2 enzyme decreases CA19-9 levels 
in the blood. As a result, PC patients with FUT2 (aka 
Secretor) inactivity had increased CA19-9 secretion 
levels. Patients with lots of FUT3 (aka Lewis blood 
group) activity secreted a lot of CA19-9 and FUT3 
inactivity meant minimal CA19-9 secretion [26]. So, 
as illustrated in fi gure 3, patients with FUT2 inactivity 
and FUT3 activity had high CA19-9 synthesis and 
secretion ability. 

The way this study was carried out, was by 
separating patients into 4 groups based on their 
FUT genotype: FUT3-null (patients with 2 inactive 
FUT3 alleles), FUT-low (one inactive FUT3 allele 
and functional FUT2), FUT-intermediate (two active 
FUT3 alleles and functional FUT2) and FUT-high (two 
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Figure 2 Graphs showing the sensitivity and distribution of CA19-9, CEA and CA125 in Pancreatic Cancer (PC) and Benign Pancreatic Disease 
Patients (BPD) with Lewis-negative antigen. CA19-9 has a low sensitivity to Lewis-negative antigen PC patients but CEA and CA125 have 
signifi cantly better sensitivity. However their specifi city is worse; they both detect more benign pancreatic disease cases.

Graph adapted from: Guopei Luo, Potential Biomarkers in Lewis Negative Patients with Pancreatic Cancer, Annals of Surgery, fi gure 1 [16]. 

Figure 3 Diagram to explain how the combination of Secretor (FUT2) genotype and Lewis (FUT3) genotype both contribute to serum CA19-9 
synthesis and secretion into the bloodstream. Negative Secretor and positive Lewis blood group genotypes both promote secretion of CA19-9 
and raise serum CA19-9 levels in the blood. Guopei Luo, Optimize CA19-9 in detecting pancreatic cancer by Lewis and Secretor genotyping, 
Pancreatology, fi gure 1 [26].

active FUT3 alleles and inactive FUT2) using Next 
Generation or Sanger sequencing. Each genotype 
group is assigned its own diagnostic cutoff  point based 
off  of the CA19-9 secretion levels of each group and it 
provides better sensitivity and specifi city results than 
the ordinary one-size-fi ts-all CA19-9 tests [24].

Conclusion
CA19-9 is a moderately accurate diagnostic 

biomarker of pancreatic cancer. It has a good 
sensitivity and specifi city track record, but it’s 
not perfect; it is not used to screen for pancreatic 
cancer because elevated CA19-9 serum levels are not 
unique to pancreatic cancer, so it doesn’t have 100% 
specifi city. It also rarely detects PC in patients that 
are Lewis antigen-negative, so it doesn’t have perfect 
sensitivity either. 

A recent study that proposed tailored cut off  
points for diff erent FUT genotypes provided much 
better sensitivity and specifi city results. This would 
massively improve the diagnosis rate of Lewis 
antigen-negative PC patients and lower the number 
of false-positives among FUT-high patients. These 
are promising discoveries in the world of CA19-9 as a 
diagnostic biomarker. 
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