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Abstract

Carbohydrate antigen 19-9 (CA 19-9) is a cell surface glycoprotein complex most
commonly associated with pancreatic ductal adenocarcinoma (PDAC). Koprowski
first described it in 1979 using a mouse monoclonal antibody in a colorectal
carcinoma cell line. Historically, it is one of the most commonly used tumor
markers for diagnosing, managing, and prognosticating PDAC. Additionally,
elevated CA 19-9 levels are used as an indication for surgery in suspected benign
pancreatic conditions. Another common application of CA 19-9 in the biliary tract
includes its use as an adjunct in diagnosing cholangiocarcinoma. However, its
clinical value is not limited to the hepatopancreatobiliary system. The reality is
that the advancing literature has broadened the clinical value of CA 19-9. The
potential value of CA 19-9 in patients' workup extends its reach to gastrointestinal
cancers - such as colorectal and oesophageal cancer - and further beyond the
gastrointestinal tract - including urological, gynecological, pulmonary, and
thyroid pathologies. Apart from its role in investigations, CA 19-9 presents a
potential therapeutic target in PDAC and acute pancreatitis. In a bid to
consolidate its broad utility, we appraised and reviewed the biomarker’s current
utility and limitations in investigations and management, while discussing the
potential applications for CA 19-9 in the works for the future.

Key Words: Carbohydrate antigen 19-9 antigen; Pancreatic diseases; Liver diseases; Biliary
tract diseases; Gastrointestinal diseases; Pancreatic neoplasms
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Core Tip: Carbohydrate antigen 19-9 (CA 19-9) is the “go-to” tumor marker when one
discusses the diagnosis, prognosis, and recurrence of pancreatic ductal
adenocarcinoma. However, its utility in screening special population groups and
determining management for pancreatic ductal adenocarcinoma is more obscure, with
many interpretations of its utility in the literature. Additionally, CA 19-9 is useful
beyond pancreatic pathologies, with current studies pointing towards its potential use
in gastrointestinal, urological, pulmonary, uterine, ovarian, thyroid, and salivary gland
diseases. We provide an in-depth analysis of the current practices of CA 19-9 and its
potential applications in the future.

Citation: Lee T, Teng TZJ, Shelat VG. Carbohydrate antigen 19-9 — tumor marker: Past,
present, and future. World J Gastrointest Surg 2020; 12(12): 468-490

URL: https://www.wjgnet.com/1948-9366/full/v12/i12/468 htm

DOI: https://dx.doi.org/10.4240/wjgs.v12.i12.468

INTRODUCTION

Carbohydrate antigen 19-9 (CA 19-9), also known as Sialyl Lewis-a, is a cell surface
glycoprotein complex. It was first described in 1979 using a mouse monoclonal
antibody (1116-NS-19-9) in a colorectal carcinoma cell line (SW1116)!". Structurally, it
is a tetrasaccharide carbohydrate with a transmembrane protein skeleton and
extensively glycosylated extracellular oligosaccharide chains. CA 19-9 expression
requires the Lewis gene product, 1,4-fucosyltransferase, found only in patients with Le
(a-b+) or Le (a+b-) blood groups. Roughly 6% and 22% of the Caucasian and non-
Caucasian population are genotypically Le*> and hence are perpetual CA 19-9 non-
producers!'l.

CA 19-9 is produced by ductal cells in the pancreas, biliary system, and epithelial
cells in the stomach, colon, uterus, and salivary glands. While its key implication is in
pancreatic ductal adenocarcinoma (PDAC), CA 19-9 is also overexpressed in a wide
gamut of benign and malignant, gastrointestinal, and extra-gastrointestinal diseases.
Benign conditions include pancreatitis, pancreatic cysts, diabetes mellitus (DM), liver
fibrosis, benign cholestatic diseases, and other urological, pulmonary, and
gynecological diseases (Figure 1)*!. Inflammation or obstruction of biliary and
respiratory tracts lead to elevated CA 19-9%. Malignancies include pancreatic, biliary,
hepatocellular, gastrointestinal, urological, pulmonary, gynecological, thyroid, and
salivary gland cancers”*l. During carcinogenesis, epigenetic silencing of the gene for
2->6 sialyltransferase, responsible for the attachment of an extra sialic acid residue in
Disialyl Lewis-a, occurs. This results in the predominance of Sialyl Lewis-a, instead of
Disialyl Lewis-a, which are expressed in normal epithelial cells. Sialyl Lewis-a’s role as
a ligand for endothelial E-selectin facilitates hematogenous metastasis!’l.

This article will discuss the current utility and future applications of CA 19-9 from
serum, saliva, pancreatic cysts, ascitic fluid, pleural fluid, bronchoalveolar lavage
(BAL), antibodies, and immunohistochemical staining. Mentions of CA 19-9 in this
article refer to serum CA 19-9, which is the most common source of CA 19-9 unless
otherwise stated.

METHODS

An electronic search of PubMed was conducted in August 2020 for literature
published in English. The following terms were used, and relevant articles were
considered: ("Ca-19-9 antigen" [MeSH Terms]), ("pancreatic diseases" [MeSH Terms]),
("liver diseases" [MeSH Terms]), ("biliary tract diseases" [MeSH Terms]),
("gastrointestinal diseases" [MeSH Terms]), ("urologic diseases" [MeSH Terms]), ("lung
diseases" [MeSH Terms]), ("uterine diseases" [MeSH Terms]), ("ovarian diseases"
[MeSH Terms]), ("thyroid diseases" [MeSH Terms]) and ("salivary gland diseases"
[MeSH Terms]). Since the main application of CA19-9 is in PDAC, we discuss it first.
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Figure 1 Clinical uses of carbohydrate antigen 19-9 based on organ involvement.
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CLINICAL UTILITY IN PANCREATIC DUCTAL ADENOCARCINOMA

PDAC carries poor prognosis due to a paucity of early detection methods, advanced
presentations, limited effective treatment options, and high recurrence rates after
curative resection’”. Despite the development of numerous PDAC biomarkers, CA 19-9
remains a crucial biomarker in everyday clinical use. This section discusses the current
uses of serum CA 19-9 in the screening, diagnosis, staging, management,
prognostication, and prediction of recurrence in PDAC.

Screening

In asymptomatic and symptomatic populations, it is well-established that CA 19-9 is
an ineffective screening tool due to low positive predictive value (PPV) and high
negative predictive value (NPV). A landmark study by Kim et al! involving 70940
asymptomatic individuals reported a low PPV (0.9%), despite high sensitivity (100%)
and specificity (98.5%)".. Patients presenting with symptoms suspicious for PDAC (
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e.g., abdominal pain, jaundice, weight loss) have low PPV (0.5%-0.9%)""..

CA 19-9 proves to have limited screening utility even in high-risk populations, such
as patients with familial PDAC or Peutz-Jeghers syndrome. In these populations, CA
19-9 levels were normal even when imaging revealed preinvasive lesions!'l. However,
in a study for 546 patients, Zubarik ef al'"! identified the potential in the combined use
of conventional imaging modalities (e.g., endoscopic ultrasonography) in conjunction
with CA 19-9 increase screening accuracy, but this protocol has yet to be validated™.

The role of CA 19-9 in the screening of special population groups, such as patients
with DM, remains ambiguous and evolving. A different threshold for suspicion of
PDAC and elevated CA 19-9 applies in people with diabetes. New-onset (< 2 years)
DM is a possible symptom of PDAC, and people with diabetes are susceptible to
PDACEF!. However, CA 19-9 levels are often raised in DM as part of the natural disease
process due to hyperglycemia or acute metabolic situations like ketoacidosis and
hyperosmolarity!"!l. Therefore, it is essential to distinguish whether elevated CA 19-9 is
due to the natural disease process or underlying PDAC.

Uncorrected CA 19-9 measurements have better potential as a screening tool in DM
patients (PPV of 10.7%)!" than in the general population (PPV of 0.9%). Furthermore,
a reduction in fasting plasma glucose correlated with CA19-9 downtrending!?. Thus,
there is growing interest in using CA 19-9 cut-off values individually adjusted to blood
glucose levels, instead of using a blanket cut-off value. This may increase the accuracy
of CA 19-9 in screening DM patients for PDAC!'. Recently, Kim et al”! postulated that
CA 19-9 values should only be considered as a screening marker for PDAC in a
radiologically-normal patient whose CA 19-9 remains persistently elevated after
intensive blood sugar control and normalization of HbA1lc. These algorithms need
prospective validation.

Diagnostics and staging
Threshold levels for elevated CA 19-9, specifically for its diagnostic value in PDAC,
are largely standardized at > 37-40 U/mL. A systematic review by Goonetilleke et all"”
involving 2283 symptomatic patients reported sensitivity (79.0%), specificity (82.0%),
PPV (72.0%) and NPV (81.0%)!". Nevertheless, international guidelines like the
European Group on Tumor Marker and the National Academy of Clinical
Biochemistry (United States) do not recommend using CA 19-9 levels alone due to its
suboptimal PPV, NPV, specificity, and sensitivity. For diagnostic purposes, these
guidelines recommend CA 19-9 as an adjunct to radiological investigations such as the
pancreas protocol computed tomography (CT), which is the current gold standard!*.
CA 19-9 levels decrease with poorer degrees of differentiation in neoplasms'l. 10%-
50% of benign pancreatic conditions (e.g., pancreatitis) and precursor lesions (e.g.,
intraductal pancreatic mucinous neoplasms (IPMNs), pancreatic intraepithelial
neoplasia) have resultant raised CA 19-9 levels. Thus, standalone CA 19-9 levels
cannot differentiate these from true PDACs. Multiple studies have established that
median preoperative CA 19-9 levels increase with tumor size, burden, American Joint
Committee on Cancer stage, and pathological stage!"”. In a study by Ferrone et all"!
involving 176 patients, it was revealed that 80%-90% of Stage III-IV PDAC patients
have CA 19-9 levels >100 U/mLl", patients with lower tumor (T) stage have lower
median CA 19-9 levels (41 U/mL vs 162 U/mL for T1/2 and T3 disease respectively)
and absence of nodal spread also have lower CA19-9 levels (90 vs 164 U/mL)!".

Management
Surgical resection remains the only potentially curative treatment in PDAC!.
Resectability is determined by clear fat planes around major arteries and the absence
of distant metastases?l. Despite improvements in preoperative imaging, up to 25% of
radiologically resectable patients are unresectable upon exploration”. Morbidity from
non-therapeutic exploration leads to potential delays in initiating palliative treatment.
Multiple studies have determined that elevated preoperative CA 19-9 values predict
unresectability. However, unlike the clear threshold CA 19-9 value used in diagnosis,
there is significant variability in optimal cut-off values used to determine unresectable
disease, ranging from 37-1000 U/mL (sensitivity 69%-93% and specificity 78 %-98%)!""\.
Staging laparoscopy is an established tool to determine resectability in many
gastrointestinal cancers, and it could avoid the morbidity of surgical exploration™!.
The pancreas is a retroperitoneal organ, and thus, extended laparoscopy is warranted.
Further, with improvements in imaging technology, routine use of staging
laparoscopy is not established. Staging laparoscopy criteria include CA 19-9 levels. De
Rosa et al”! designed criteria based on five large studies (n = 159-262), involving
preoperative CA 19-9 > 150 U/mL and tumor size > 3 cm in patients with the
radiologically resectable diseasel”l. The 2018 French intergroup guidelines proposed
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performing staging laparoscopy instead when preoperative CA 19-9 > 130-400
U/mLP. Thus, elevated CA 19-9 levels can guide decisions for staging laparoscopy.

Neoadjuvant chemotherapy is evolving in PDAC management. CA 19-9 has a role
in monitoring treatment response by predicting resectability and prognosis. Regarding
resectability, a study by Heger ef al™! involving 103 patients receiving neoadjuvant
FOLFIRINOX therapy showed that patients with post-neoadjuvant CA 19-9 > 91.8
U/mL did not benefit from resection (75% sensitivity and 76.9% specificity)™. In
another report involving 78 patients by Boone et al**, CA 19-9 response > 50% after
neoadjuvant gemcitabine-based or FOLFIRINOX therapy predicted RO resection in 40
borderline resectable patients”. Regarding prognosis, a study by Macedo et al”!
involving 274 patients that received neoadjuvant FOLFIRINOX or Gemcitabine/nab-
paclitaxel therapy and curative-intent resection showed that a > 50% decrease in CA
19-9 related to increased overall survival (OS) (42.3 vs 24.3 mo), local recurrence-free
survival (RFS) (27.3 mo vs 14.1 mo) and metastasis-free survival (29.3 mo vs 13 mo)
compared to patients with a < 50% decreasel”. However, a recent study by Tsai et al*!
involving 98 localised PDAC patients found that the magnitude of change in CA 19-9
after neoadjuvant therapy itself, if without normalization, does not predict OS (P =
0.77). In contrast, the failure of post-neoadjuvant CA 19-9 to normalize predicted
significantly lower OS (P = 0.02)*!. Hence, different CA 19-9 parameters can act as
surrogate markers of treatment response to better inform subsequent management.

CA 19-9 is evaluated for the utility to guide adjuvant therapy. In a study involving
260 patients, Humpbhris et al”! found that patients with postoperative CA 19-9 > 90
U/mL, those who underwent adjuvant chemotherapy, did not have significantly
higher median survival than patients who did not (16.2 vs 9 mo respectively, P =
0.719). This contrasts with patients with postoperative CA 19-9 <90 U/mL, were those
who received adjuvant chemotherapy benefited significantly compared to those
without (median survival 26.0 mo vs 16.7 mo, P = 0.0108)"\. This highlights the
potential of postoperative CA 19-9 in making decisions to start adjuvant
chemotherapy.

Prognostication
Both pre- and post-treatment CA 19-9 values are valuable prognostic markers in
PDAC patients undergoing curative resection or upfront chemotherapy.

For patients with resectable disease, elevated preoperative CA 19-9 levels predict
poorer survival post-resection. A retrospective study by Berger et al*! on 129 patients
who underwent surgical resection showed that patients with preoperative CA 19-9
levels < 37 U/mL had the best median survival (35 mo), followed by those with CA 19-
9 levels between 38-200 U/mL (22 mo), and lowest survival (16 mo) in patients with
CA 19-9 levels > 200 U/mLF. Other studies combined preoperative CA 19-9 with
carcinoembryonic antigen (CEA) values for prognostication. Distler ef al*! offered
from his study of 264 patients that elevated CA 19-9 > 75 U/mL, and CEA >3 ng/mL
were associated with lower survivall.

It is reported that the normalization or a downtrending of CA 19-9 levels predicts
better survival, as it suggests a lower probability of residual local disease or occult
metastasis. Despite various authors using different postoperative cut-off values for
elevated CA 19-9 (> 37-180 U/mL), all studies have consistently reported significantly
lower median survival when CA 19-9 is elevated™.

Both pre- and post-chemotherapy CA 19-9 levels are useful markers for
prognostication regardless if given as neoadjuvant, adjuvant, and upfront therapy.
Hence, they are used as surrogate markers to measure the response to neoadjuvant
chemotherapy and guide adjuvant chemotherapy, as mentioned abovel**1. Even in
patients with advanced PDAC who were offered upfront chemotherapy, a study of 247
patients by Reni et all" shows lower pre-chemotherapy CA 19-9 levels predicted better
median survival (15.5 mo vs 11.9 mo vs 8 mo for CA 19-9 levels < 37, 38-1167, > 1167
U/mL respectively)’. However, a wide range of parameters has been adopted in
existing literature with no current consensus on the best parameter, such as whether
CA 19-9 decreases by > 50% within two months of treatment, log (CA 19-9) kinetics,
and CA 19-9 velocity defined as the change in CA 19-9 values over four weeks™.

Prediction of recurrence
The failure to normalize or the elevation of postoperative CA 19-9 levels has been
recognized to predict the recurrence of PDAC.

More importantly, a key area for research is using CA 19-9 alone to predict
recurrences post-resection. CA 19-9 elevations have been shown to precede clinical or
radiological recurrence by 2-6 mol. Given the difficulty in interpreting imaging post-
resection due to post-surgical changes or artifacts, CA 19-9 potentially surpasses
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current imaging techniques to detect PDAC recurrence and expedite salvage therapy
initiation. However, even with the monitoring of CA 19-9 during postoperative
surveillance, current guidelines require radiologic evidence for confirmation of
recurrence and initiation of therapy. This prohibits the use of CA 19-9 in detecting
truly occult disease. A study involving 80 patients, Li et al" demonstrated improved
disease-free survival (DFS) and OS in 26 patients with elevated postoperative CA 19-9
who received chemotherapy before radiologic evidence of recurrencel. In a study
involving 93 patients, Azizian et al'”! advocate initiating treatment for assumed
recurrence based solely on a 2.45 times increase in CA 19-9 on the merits of its 90%
PPVl Given the significant implications on survival rates, there is a pressing need for
further studies to confirm the benefit of initiating palliative therapy based solely on
CA 19-9 elevation without the need for conventional radiologic correlation.

Current literature has established the roles of CA 19-9 in diagnosis, management,
and prognostication of PDAC. A caveat is that there is no validation of standardized
cut-off values, except for CA 19-9 levels > 37-40 U/mL used in diagnosis!"’.. This has
prevented research findings from being translated into clear clinical guidelines,
especially in criteria used to predict resectability, the need for staging laparoscopy,
management sequence in resectable patients, and recurrence surveillance post-
resection!’”’l. Further randomized controlled studies are needed to develop threshold
values to guide clinical practice.

CLINICAL UTILITY IN BENIGN PANCREATIC DISEASES

CA 19-9 is evaluated for its role in pancreatic cystic lesions and pancreatitis, but has
limited utility. This section discusses the current uses of serum and pancreatic cyst
fluid CA 19-9 in these benign pancreatic diseases.

Pancreatic cystic lesions

Pancreatic cystic lesions are classified into pseudocysts, simple retention cysts and
pancreatic cystic neoplasms (PCNs). PCNs comprise a spectrum of conditions with
low malignant potential (such as serous cystic adenomas) or premalignant (commonly
mucinous lesions such as mucinous cystic neoplasms and IPMNs).

Both serum CA 19-9 and cyst fluid CA 19-9 obtained from endoscopic
ultrasonography-guided fine-needle aspiration have been evaluated for its ability to
differentiate between various pancreatic cystic lesions.

Regarding serum CA 19-9, a meta-analysis by Cao et al” involving 1437 patients in
13 studies found that serum CA 19-9 alone is ineffective in distinguishing malignant
PCNs (47 % sensitivity and 88 % specificity), but useful when complementary to other
diagnostic techniques, such as imaging or cyst size > 3 cm™l. Serum CA 19-9 levels >
37 U/mL are validated as a relative indication for IPMN resection per the 2018
European evidence-based guidelines on pancreatic cystic neoplasms®™.

Cyst fluid CA 19-9 is less accurate than other cyst fluid tumour markers such as
CEA and CA 125 in differentiating between different pancreatic cystic lesions.
Nevertheless, cyst fluid CA 19-9 may have supplementary roles in IPMNs and
pseudocysts.

A multicenter prospective study by Brugge et al™ involving 341 patients
demonstrated that cyst fluid CA 19-9 (cut-off of 2900 ng/mL) alone has limited ability
in distinguishing between mucinous and non-mucinous cystic lesions [Area under the
curve (AUC) = 0.665], as it is less accurate than cyst fluid CEA (cut-off of 192 ng/mL)
alone (AUC = 0.793)"1. Similarly, van der Waaij et al*! demonstrated amongst 450
patients across 12 studies that while cyst fluid CA 19-9 is less accurate than CEA, CA
19-9 < 37 U/mL distinguishes pseudocysts and serous cystic adenomas from other
pancreatic cystic lesions with specificity (98.0%) and sensitivity (19.0%)".
Furthermore, Nagashio ef al”) demonstrated amongst 68 patients that cyst fluid CA 19-
9 could differentiate mucinous cystic neoplasms from IPMNs (AUC = 0.792), though
less accurately than CA 125 (AUC = 0.960)1..

In IPMN:s, cyst fluid CA 19-9 can be used after initial analysis with CEA to further
differentiate mucinous cyst subtypes. In a study by Snozek et al involving 387
patients, for cysts presumed to be mucinous as cyst fluid CEA > 30 ng/mL, cyst fluid
CA 19-9 < 8000 U/mL distinguished 71% of IPMNs from other mucinous cyst
subtypes™. However, cyst fluid CA 19-9 is less effective in differentiating between
benign and malignant IPMNs. A study by Maire et al"! involving 41 patients revealed
that cyst fluid CA 19-9 > 1000 U/mL (PPV = 0.360, NPV = 0.920) is less effective
compared to CEA > 200 ng/mL (PPV = 0.500, NPV = 0.960) and CA 72-4 > 40 U/mL
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(PPV = 0.470, NPV = 0.960)*\. Thus, the role of cyst fluid CA 19-9 remains
supplementary to other tumour markers in IPMNs.

Regarding pseudocysts, low cyst fluid CA 19-9 is used together with raised amylase,
low CEA, and mucin levels to distinguish pseudocysts from the pancreas' cystic
lesions in ambiguous cases’. While clinical, biochemical, and radiological features
suggesting pancreatitis with pseudocyst formation can accurately diagnose most
pancreatic pseudocysts, certain PCNs can mimic these presentations well. Given that
pseudocysts can be managed conservatively while PCNs have malignant potential,
this distinction using cyst fluid analysis is useful®’.

Pancreatitis

Autoimmune pancreatitis is a subset of chronic pancreatitis that is often misdiagnosed
as a PDAC. Serum CA 19-9 alone has limited diagnostic value in distinguishing
autoimmune pancreatitis, but combinations with different biochemical markers (such
as IgG4, hemoglobin, eosinophil, and globulin) yield good diagnostic valuel*'.

CLINICAL UTILITY OF CA 19-9 IN MALIGNANT NON-PANCREATIC
GASTROINTESTINAL DISEASES

Besides its use in pancreatic diseases, CA 19-9 is currently selectively used in
evaluating certain gastrointestinal cancers. This section discusses the uses and
limitations of serum CA 19-9 in the diagnosis, prognostication, and management in
cholangiocarcinoma (CCA), oesophageal, gastric, and colorectal cancers (CRC).

Cholangiocarcinoma

CA 19-9 is an adjunct tumor marker used in the diagnosis of CCA. CA 19-9 > 100
U/mL on a malignant biliary stricture background without bacterial cholangitis
suggests perihilar CCAM!. Its diagnostic value has also been evaluated in patients with
Primary Sclerosing Cholangitis, which is a significant risk factor for CCA. In patients
with Primary Sclerosing Cholangitis, a cut-off value of 129 U/mL had a sensitivity
(78.6%), specificity (98.5%), PPV (56.6%) and NPV (99.4%) in predicting CCAM.
Another study reported a cut-off value of 100 U/L had a sensitivity (53.0%) and NPV
(92%) in predicting CCAMI. Separately, CA 19-9 is used to distinguish intrahepatic
CCA from hepatocellular carcinoma (HCC) with moderate accuracy (63 %-67 %)\,

Oesophageal cancer

CA 19-9 has limited use in oesophagogastric cancer. Some studies have reported its
accuracy in predicting unresectability and prognosis, with greater accuracy in the
adenocarcinoma histotype. A systematic review by Acharya et al*}, involving 20223
patients with oesophagogastric cancers, showed that CA 19-9 had low accuracy in
diagnosis (AUC = 0.663), prediction of recurrence (AUC = 0.478), and metastasis (AUC
= 0.606)"]. Elevated CA 19-9 was shown to be an accurate predictor of unresectability
but a poor discriminator between RO and R1/R2 resections!”l. The implication is that
while unresectable patients would be refused surgical management upfront, CA 19-9
still cannot help detect advanced occult cancer seen in R1/2 resections preoperatively,
subjecting these patients to inappropriate oesophagectomies. This same study also
found that CA 19-9 is a better predictor in adenocarcinoma than squamous cell
histotype. Tokunaga et al*! demonstrated in their study of 211 patients that elevated
preoperative CA 19-9 can predict poorer prognosis in patients with oesophagogastric
junction adenocarcinoma, which may identify patients less likely to benefit from
aggressive management!*‘l.

Gastric cancer

CA 19-9 also predicts clinicopathological status, recurrence, and prognosis of gastric
cancer. Raised CA 19-9 levels also correlated with higher tumor stage, lymph node and
distant metastasis, and vessel invasion!*l. CA 19-9 levels alone are not recommended
for staging gastric cancer but should be considered along with CEA and CA 72-4F1,
This same study showed that elevated preoperative CA 19-9 predicted hematogenous
recurrence and should be considered in the decision for initiating adjuvant
chemotherapy, whereas postoperative CA 19-9 elevations could predict peritoneal
recurrence. A multi-center study by Suenaga et al®! involving 998 stage II/1III gastric
cancer patients demonstrated that elevated preoperative and postoperative CA 19-9 (>
37 U/mL) and CEA (> 5 ng/mL) levels promisingly predict poorer DFS and OS, with
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postoperative levels being more accuratel”'l.

Colorectal cancer

CEA remains the primary tumor marker implicated in CRC. However, more studies
are evaluating CA 19-9 as an adjunct to CEA in CRC. An adjunct tumor marker is
essential as 15%-40% of CRC patients have perpetually non-elevated CEA levels™.
Specifically, CA 19-9 may be useful in staging, prognostication of CRC, and
management of metastatic CRC (mCRC).

CA 19-9 is not useful in the diagnosis of CRC. A systematic review by Acharya
et al"! involving 156 studies demonstrated its low sensitivity (0.471) despite adequate
specificity (0.924)1]. Comparatively, CA 19-9 fares poorer than CEA (0.533 and 0.864
for sensitivity and specificity, respectively)*l], in which CEA has already been
established to be ineffective for diagnosing CRCFL.

However, CA 19-9 may have a role in staging as higher Dukes classification
correlated with raised CA 19-9"7. In a 300 patients study, Stojkovic Lalosevic et al*"
reported that CA19-9 levels could also predict regional lymph node involvement and
liver metastases, with proposed threshold values of 7.5 U/mL and 5.5 U/mL,
respectively™.

In a meta-analysis involving 6434 patients, Yu et al™ reported that elevated pre-
treatment CA19-9 predicted poor OS, DFS, and RFSF. A study by Stiksma et all*!
involving 150 patients further endorses CA 19-9 as an adjunct marker to CEA in
prognostication. 7.3% of patients had elevated CA 19-9 levels without raised CEA
levels. These patients had a significantly lower 5-year survival at 28.8%, compared to a
higher 5-year survival of 41.1% in patients with raised CEA levels only"™. Thus, given
the limited utility of trending CEA in patients with limited CEA secretion and the
significantly poorer prognosis of raised CA 19-9 in isolation, it is crucial to consider
CA 19-9 trending in the follow-up of CRC patients.

CA 19-9 has shown the potential to guide management, particularly in mCRC
patients. Bevacizumab is a monoclonal antibody against vascular endothelial growth
factor that has improved patient outcomes in mCRC when added to chemotherapy
regimens™!. In a study by Narita et al®! involving 150 mCRC patients, only patients
with elevated CA 19-9 benefited from Bevacizumab therapy. Among patients with
raised CA 19-9 levels, patients receiving Bevacizumab have a significantly longer
median OS than those without (27.8 vs 15.3 mo, P = 0.00190). This contrasts with
patients with normal CA 19-9 levels, where those receiving Bevacizumab did not have
significantly longer median OS than those without (36.5 mo vs 38.0 mo, P = 0.952)""\.
Given Bevacizumab's limited accessibility, CA 19-9 can guide more judicious use of
Bevacizumab in mCRC.

Furthermore, CA 19-9 could select mCRC patients with likely poorer survival
outcomes for more intensive management. Additionally, elevated CA 19-9 levels
identified a particularly aggressive BRAF-mutant subtype of mCRC patientsl. BRAF
mutations in mCRC are associated with a poorer prognosis, but even within this group
of patients, survival outcomes are heterogeneous. Thus, the ability to further stratify
these patients based on disease's aggressiveness can better select patients for more
intensive chemotherapy regimens.

CLINICAL UTILITY OF CA 19-9 IN BENIGN NON-PANCREATIC
GASTROINTESTINAL DISEASES

Benign hepatic and biliary diseases are known causes of elevated CA 19-9 levels. This
section discusses the current uses of serum CA 19-9 in these benign conditions.

Hepatic diseases

Incidents of elevated CA 19-9 are reported in a range of benign hepatic diseases, such
as liver cysts and hepatitis secondary to alcohol abuse, drugs, autoimmune diseases,
and acute and chronic viral infections.

Pearce et al™! reported a case of possible drug-induced CA 19-9 elevation in a 50-
year-old man with alcohol-related chronic pancreatitis and recent dothiepin use.
PDAC was initially suspected as he presented with anorexia, pale stools, transaminitis
and elevated serum CA 19-9 at 2690 U/mL. However, CA 19-9 decreased on
pancreatic enzyme replacement and dothiepin cessation™. While the cause for the
elevated CA 19-9 is likely multifactorial (including alcohol-induced pancreatitis and
hepatitis) and since dothiepin can cause cholestasis!”, the possibility of dothiepin-
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induced cholestasis causing CA 19-9 elevations cannot be excluded.

In these reports, CA 19-9 levels were measured in patients with clinical or
biochemical indices of liver dysfunction, purely to exclude cancers?”. Despite the
association with elevated CA 19-9, the current clinical use of CA 19-9 in the further
evaluation of benign hepatic conditions remains limited. Nevertheless, these case
reports reinforce the need for cautious interpretation of elevated CA 19-9 in patients
with hepatic disease.

Benign biliary diseases

The primary use of CA 19-9 in benign biliary diseases is to rule out underlying cancer.
Benign biliary diseases that cause benign cholestasis and obstructive jaundice are
known causes of elevated serum CA 19-9, but these elevations are generally mild,
except for cholangitisl®. Current literature on CA 19-9 in benign biliary diseases is
mostly limited to case reports on patients with extraordinarily high CA 19-9 levels
without cancer evidence. These are seen more commonly in patients with
choledocholithiasis and acute cholangitis and Mirizzi Syndrome, biliary adenofibroma,
and cholecystitis/l. Amongst patients with cholangitis, CA 19-9 normalization after
therapeutic intervention occurred within two months/l. In contrast, most patients
without cholangitis had normalized CA 19-9 levels within three weeks!*.. Several
authors have recognized that such marked elevations are rare, and CA 19-9 levels
differentiate between benign and malignant biliary conditions poorly in patients with
obstructive jaundice.

FUTURE USES OF CA 19-9

Despite its first use being described close to 40 years ago, there remain many questions
regarding the translation of CA 19-9 into clinical use. This section discusses the future
applications of CA 19-9 in acute pancreatitis, hepatic, biliary tract, urological,
pulmonary, gynecological, thyroid, and salivary gland diseases. In addition to serum
CA 19-9, future applications explore the use of CA 19-9-targeted antibodies and CA
19-9 from other sources like urine, saliva, ascites, BAL and pleural fluid, and
immunohistochemistry staining.

Pancreatic diseases

This section discusses (1) serum CA 19-9 kinetics and CA 19-9 velocity in PDAC, (2)
the role of serum CA 19-9 in association with other adjunctive tumor markers in
PDAC, and (3) the use of CA 19-9-targeted antibodies as therapeutic targets in PDAC
and acute pancreatitis.

Future studies can first evaluate dynamic CA 19-9 parameters in different
preoperative and postoperative uses in PDAC. Current studies have predominantly
focused on single static CA 19-9 values, despite some studies highlighting the value of
postoperative CA 19-9 kinetics in prognostication of PDACF! and the current clinical
use of preoperative tumor marker kinetics in other cancers besides PDAC (e.g., PSA in
prostate cancer)®l. The use of the rate of change in CA 19-9 levels instead of an
absolute value seems logical as a surrogate of aggressiveness of PDAC, given that
cancer itself is a growth process. Additionally, it can be particularly useful when
baseline CA 19-9 levels are unavailable. It also gives a better understanding of each
individual’s unique disease process over time and could account for a wide range of
optimal CA 19-9 threshold values quoted in literature.

In the preoperative setting, the value of dynamic preoperative CA 19-9 kinetics is
less well-understood. In a retrospective review involving 72 patients, Brown et all'"”
investigated the use of dynamic CA 19-9 kinetics in predicting resectability. They
identified that the rate of change =1 U/mL/day predicted unresectability better than
the absolute CA 19-9 (= 50 U/mL) value!. This study included a small sample (n =
72), and the results need to be validated.

In the postoperative setting, there is potential in other CA 19-9 parameters beyond
simple baseline values. This can be done by examining dynamic CA 19-9 postoperative
velocity in predicting recurrence, CA 19-9 patterns beyond the 6-mo postoperative
period for prognostication, and multiple parameters in measuring chemotherapy
response.

Most studies have proven the accuracy of predicting PDAC recurrence post-
resection using single CA 19-9 values. An exception is a randomized control trial
involving 96 patients by Hernandez ef al™! that showed that dynamic CA 19-9
postoperative velocity of > 95 U/mL/4 wk (rate of change in CA 19-9 levels over four

WJGS | https://www.wjgnet.com 476 December 27,2020 | Volume12 | Issue12 |



Jaishideng®

Lee T et al. CA 19-9 — tumor marker

weeks) predicted recurrence and OS better than baseline CA 19-9 levels!®.. This use of
CA 19-9 velocity in recurrence prediction requires further validation in larger sample
sizes. However, determining CA 19-9 velocity will demand more frequent CA 19-9
testing at the expense of cost and inconvenience to patients, which therein requires
further studies to determine the optimum frequency of CA 19-9 testing.

For prognostication, few studies have trended CA 19-9 past six months
postoperatively to understand its prognostic significance. One study by Rieser et al*!
involving 525 patients specifically studied the patterns of postoperative CA 19-9 levels
of those who underwent pancreatectomy over a mean follow-up period of 35.9 mo. In
concordance with current literature, postoperative CA 19-9 values that were
persistently normal and elevated were associated with the longest and shortest OS.
Interestingly, patients with postoperative CA 19-9 that fluctuated between normal and
elevated during the surveillance period did not have statistically significant OS
differences than patients with perpetually normal CA 19-9 levels®l. This study
highlights the need to better characterize the various dynamic patterns of CA 19-9
behavior beyond the 6-mo postoperative period for its impact on postoperative
prognostication, instead of relying on data from a single time point. The use of
patterns instead of stringent cut-off values would allow the data to be personalized
and account for variability amongst individuals, especially given the numerous
confounders affecting CA 19-9 values.

For measuring response to chemotherapy, current studies have explored multiple
parameters, ranging from the log (CA 19-9 kinetics) to CA 19-9 velocity"™. Future
studies can compare the accuracy and feasibility of parameters used to forge a
consensus on the most optimal parameters for clinical practice.

Secondly, given the limitations of CA 19-9 in PDAC, a growing number of
biomarkers based on serum, tissue, and the pancreatic juice are researched in recent
years. These range across serum proteins (CEA, Mucins, DU-PAN-2, MIC-1, REG-4),
serum ratios (Neutrophil-to-Lymphocyte Ratio, Platelet-Lymphocyte Ratio), genetic
mutations in key genes (K-ras, SMAD, BRCA2), miRNA, and estrogen receptors!® 1,
However, none have had adequate sensitivity and specificity or large-scale validation
to be used as standalone markers. CA 19-9 remains the current clinical gold standard
tumor marker in PDAC, although a growing body of research has shown increased
accuracy when combined with other tumor markers!'l. Future research can focus on
determining optimal combinations of tumor markers for use in PDAC.

Thirdly, antibodies targeting CA 19-9 can be useful immunotherapy in PDAC and
acute pancreatitis.

In PDAC, current animal and human immunotherapy studies are in the preliminary
stages of investigating its ability to reduce recurrences and metastatic progression. In
mouse models, CA 19-9-targeted human antibodies reduced the progression of
metastatic PDAC!™). Antibodies are used to show potential for translation into clinical
use as they have been well-tolerated in phase I clinical trials. Furthermore, in human
studies, a cytotoxic human IgG1 antibody targeting CA 19-9 (MVT-5873) decreased
serum CA 19-9, prevented tumor progression, and was well-tolerated by metastatic
PDAC patients. MVT-5873 is currently entering a prospective phase II trial in patients
undergoing resections for PDAC, CCA, or mCRC to the liver. This is to investigate its
ability to eliminate micrometastases, particularly in the immediate perioperative
period, to prolong RFS and OS/"l. A well-tolerated targeted treatment in the immediate
perioperative period is significant as resections are postulated to trigger
micrometastases' growth, and standard adjunct chemotherapy can only begin around
6-12 wk after surgery due to interferences with recovery!™.. Thus, if proven successful
in human trials, antibodies targeting CA 19-9 may be promising adjuncts to standard
neoadjuvant and adjuvant therapies.

Acute pancreatitis is a common cause of abdominal pain with varied clinical
courses, and despite improvements in outcomes driven by advances in critical care,
there remains an unmet need to develop therapeutic targets”!. Furthermore, patients
with recurrent pancreatitis or hereditary pancreatitis are at increased risk of
developing PDAC. The current management of acute pancreatitis is mostly
supportive. Currently, little can be done to expedite recovery, prevent a recurrence, or
prevent episodes in routine procedures that carry the risk of pancreatitis. CA 19-9-
targeted antibodies have potential in the treatment of acute pancreatitis. A mouse
model study by Engle et all”l identified two forms of CA 19-9-targeted antibody 5B1
that lowered serum amylase levels and restored pancreatic histology to mitigate
pancreatitisl’?. While studies are needed to validate these findings in humans, this
study is particularly promising as fully human CA 19-9-targeted antibodies have been
approved through phase 1A clinical trials. Furthermore, the role of CA19-9 in the
diagnosis of drug-induced acute pancreatitis is not reported but could be explored.
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Malignant non-pancreatic gastrointestinal diseases

This section discusses the potential uses of serum CA 19-9 in evaluating HCC, CCA,
and gallbladder cancer (GBC).

Hepatocellular carcinoma: Alpha-fetoprotein (AFP) is the predominant HCC tumor
marker, but about 30%-40% of HCC patients are reported to be AFP-negative (AFP <
25 ng/mL)". With other molecular markers currently being in the cell study or
experimental model phasel”, there is a need to evaluate a tumor marker already in
clinical use in these AFP-negative patients. Raised CA 19-9 levels have clinical utility
in AFP-negative HCC patients. In a study by Lu et all'*! involving 750 AFP-negative
HCC patients who underwent surgical resection, a preoperative CA 19-9 value > 32.6
U/mL (AUC = 0.640) predicted poor prognosis, with a 5-year OS lower in patients
with elevated CA 19-9 (OS = 57.0%) than those with normal CA 19-9 (OS = 79.9%)"l.
More data is needed to evaluate the role of elevated CA 19-9 levels in AFP-negative
patients.

Cholangiocarcinoma: Elevated preoperative serum CA 19-9 levels may be a useful
predictor of poor prognosis in CCA. A meta-analysis by Liu et al'”! involving 953
patients in nine studies showed that elevated CA 19-9 levels were associated with 1.28
times higher mortality ratel”). These results, however, cannot be applied to hilar CCA
as it was not studied in the nine papers, and that subgroup analysis to stratify
prognosis based on the location of the tumor (intra- and extra-hepatic) could not be
performed due to the small sample size. These limitations are significant to note as
biological behaviors, and thus the prognostic value of CA 19-9 may differ depending
on the location of CCA.

CA 19-9 could be further evaluated in its ability to predict resectability across the
different CCA subtypes. At present, 10%-45% of patients deemed to be resectable
preoperatively are found to be unresectable during exploratory laparotomy?. Thus
far, preoperative CA 19-9 levels have been evaluated in hilar CCA. In a study by Hu
et al” involving 471 patients, it was reported that the threshold value of 204 U/mL
predicted resectability with sensitivity (83.7%), specificity (80.0%), PPV (91.1%), and
NPV (66.7%)1". Accurate preoperative markers complementing imaging can thus
significantly reduce unnecessary surgery and delays in starting palliative treatment.

Furthermore, the utility of CA 19-9 in combined hepatocellular-cholangiocarcinoma
(CHC) remains unclear. CHC is a mixed primary liver cancer between HCC and CCA,
with different management and prognosis’”. Accurate non-invasive preoperative
diagnosis of CHC from HCC or CCA is crucial yet difficult due to overlaps in clinical
and imaging features. Studies proposed that elevated CA 19-9, AFP, and discordant
imaging features could suggest CHC®*. Thus in a study by Huang et al! involving 40
CHC, CCA, and HCC patients, a diagnostic criterion was developed to distinguish
CHC from HCC and CCA. It involved AFP (20 ng/mL threshold) and CA 19-9 (100
U/mL threshold), and contrast-enhanced ultrasonography findings. It however had
poor sensitivity (32.5%) despite specificity (93.8%), PPV (72.2%) and NPV (73.5%)"1.
Thus, more studies using different imaging modalities are needed to ascertain its
discriminatory value.

Gallbladder cancer: The current use of CA 19-9 in GBC is limited. Guidelines like the
National Comprehensive Cancer Network do not currently recommend using CA 19-9
alone for confirming the diagnosis or prognosis of GBC*l. However, CA 19-9 has
shown potential as an adjunct in the diagnosis, prediction of resectability, and GBC*.

CA 19-9 alone detects cancers poorly, for instance, in gallbladder polyps!®.
However, different combinations of CA 19-9 with tumor markers or biochemical
markers have shown better diagnostic accuracies. A combination of tumor markers CA
19-9, CA 242, and CA 125 yielded a sensitivity (69.2%), specificity (100%), and PPV
(100%)1. The use of CA 19-9 with Neutrophil-to-Lymphocyte Ratio displayed
sensitivity (74.8%) and specificity (89.7%) in differentiating GBC from benign lesions
like gallbladder adenomas and gallbladder polyps!*l. However, a caveat to CA 19-9 in
GBC diagnostics lies in xanthogranulomatous cholecystitis (XGC). XGC is a rare
benign inflammatory gallbladder disease often misdiagnosed as GBC based on
preoperative radiological imaging. Different studies have reported similar elevations
in CA 19-9 in XGC and GBC®*. They concluded that CA 19-9 is not useful in
differentiating XGC from GBC and may even push more strongly towards GBC's
misdiagnosis. Thus, despite improved diagnostic accuracy when CA 19-9 is combined
with other markers, the concern regarding XGC remains.

It has not been conclusively proven that CA 19-9 can predict the resectability of
GBC. A study by Liu et al®! involving 292 patients showed that preoperative CA 19-9
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levels of 2 98.9 U/mL independently predicted unresectability with sensitivity (76.3%),
specificity (70.8%), PPV (85.7%), and NPV (56.5%)™1. This cut-off value, however, has
yet to be validated prospectively in multi-center studies. It is further unclear how
conflicting conclusions from preoperative imaging and CA 19-9 values can be
reconciled.

The prognostic utility of CA 19-9 has also been evaluated in patients with resectable
and unresectable GBC. Prognostication is challenging as imaging can miss metastases
in 20%-40% of cases™, and there lacks effective prognostication methods
preoperatively!™l. For resectable GBC, different combinations of preoperative CA 19-9
with other markers such as CEAM™! or plasma fibrinogen!™! predicted survival
preoperatively. For unresectable GBC patients on palliative chemotherapy, greater CA
19-9 kinetics predicted lower progression-free survival and OS™. Further studies are
needed to prove the prognostic value of CA 19-9 in GBC.

Benign non-pancreatic gastrointestinal diseases
This section discusses the potential uses of serum and ascites fluid CA 19-9 in
evaluating benign hepatic and biliary diseases.

Hepatic diseases: Serum and ascites fluid CA 19-9 are potentially useful markers in
hepatic fibrosis and ascites, respectively.

Recently, serum CA 19-9 is an indirect marker of the severity of hepatic fibrosis and
viral hepatitis. While liver biopsies are traditionally the gold standard for diagnosing
hepatic fibrosis, this is not routinely done due to its invasive nature and the
development of less invasive serum markers and imaging modalities”!. A study by
Bertino ef al” involving 60 patients demonstrated that those infected with hepatitis C
and had an elevated CA 19-9 (mean 76.8 U/mL), 0%, 43.3%, and 56.7% of patients had
METAVIR score FO, F1-3, F4 (indicating cirrhosis) respectively. Cirrhotic patients also
had a significantly higher (P < 0.05) CA 19-9 Level than patients with chronic
hepatitist™. This study thus shows a correlation between CA 19-9 and severity of
fibrosis, but falls short of determining an optimal threshold for elevated CA 19-9 and
determining its sensitivity and specificity in predicting the severity of hepatic fibrosis.
Future studies can compare these sensitivities and specificities against other
established serum markers such as liver transaminases or platelet counts”. Given that
current serum markers and the gold standard liver biopsy have been useful only in
excluding advanced stages of the diseasel”, serum CA 19-9 can also be evaluated for
its ability to distinguish between the early and intermediate phases of fibrosis. Studies
have also attempted to evaluate the utility of CA 19-9 in ascites. Ascites fluid CA 19-9,
combined with other ascitic tumor markers CEA and CA 153, is being proposed as an
adjunctive method in differentiating malignant from benign causes of ascites,
specifically in patients with suspected cancers but inconclusive cytology findings!™”..
Currently, malignant ascites is diagnosed via ascites fluid cytology or laparoscopic
peritoneal biopsies. However, positive cytology results are only seen in 40%-60% of
patients with known malignant ascites, and biopsies are highly invasive and not
widely accessible!”.

Currently, ascites fluid tumor analysis is not used in clinical practice as it had only
been evaluated retrospectively on small sample populations, of which conflicting low
sensitivities and specificities of the markers were reported”l. This poor performance
may be attributable to heterogeneity of the types of cancers evaluated. Not all cancers
secrete the same tumor markers, and improvements in specificity and sensitivity were
reported in subgroup analysis where tumor markers were correlated with specific
cancers pleural fluid analysis™. A study by Liu efal™ involving 437 patients
demonstrated that if a threshold value of 200 U/mL was used, ascitic CA 19-9 has
better diagnostic efficacy than serum CA 19-9, but were not substitutive of cytology in
terms of sensitivity (58.5% vs 39.1% vs 56.8% for ascitic CA 19-9, serum CA 19-9 and
cytology respectively), specificity (99.1% vs 96.8% vs 100%), PPV (98.4% vs 92.1% vs
100%) and NPV (71.8% vs 62.9% vs 51.3%). Amongst cytologically negative patients
with malignant ascites, the diagnostic efficacy of ascitic CA 19-9 was good enough
alone but even better when combined with CEA and CA 153, in terms of sensitivity
(62.2% vs 85.9%), specificity (99.1% vs 97.3%), PPV (96.6% vs 92.9%) and NPV (86.6% vs
94.4%)M1. Taken together, there is a potential for ascitic CA 19-9 for diagnostic use in
cytologically negative patients.

Benign biliary diseases: Minor uses of CA 19-9 have been suggested in diseases like
choledocholithiasis. A study by Gu et all involving 135 patients proposed using
serum CA 19-9 levels to preempt the risk of developing acute cholangitis secondary to
choledocholithiasis early before disease progression™. This is significant as there are
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currently few reliable diagnostic indices for acute cholangitis in the early stages!™.

Extra-gastrointestinal diseases

Currently, CA 19-9 is not used clinically in non-gastrointestinal or non-pancreatic
diseases. Thus, this section will discuss potential applications of CA 19-9, particularly
in urological, pulmonary, gynecological, thyroid, and salivary gland diseases.

Urological diseases: Serum and urinary CA 19-9 have been evaluated in various
urological diseases, namely bladder cancer, ureteropelvic junction obstruction (UPJO),
and autosomal dominant polycystic kidney disease.

Malignant urological diseases: In bladder cancer, serum and urinary CA 19-9 were
studied for diagnostic, staging, and prognostic roles. The diagnosis of bladder cancer
currently relies on radiologic imaging, cystoscopy, and urine cytology. Early detection
of bladder cancer is challenging since cystoscopy is invasive and less accessible, and
urine cytology has a significant false-negative rate, especially in low-grade
carcinomal”. Serum CA 19-9 has poor diagnostic value in bladder cancer”*; however,
urinary CA 19-9 may be useful as a diagnostic adjunct to urine cytology. In a study by
Roy et al”l involving 55 patients where a urinary cut-off of 114.5 IU/L was used, CA
19-9 had better sensitivity than urine cytology, especially in low-grade transitional cell
carcinoma patients!.. Another study by Pal et al” involving 47 patients found elevated
urinary CA 19-9 values despite negative urine cytology in 6 and 28 histopathologically
confirmed high and low-grade transitional cell carcinomas, respectively. Future
studies can validate the role of urinary CA 19-9 in larger sample sizes, compare its
diagnostic accuracy against cystoscopy and radiologic imaging and assess how
urinary CA 19-9 should be interpreted based on contradicting imaging, cystoscopy,
and cytology results.

The association of serum CA 19-9 with tumor stage and grade is controversial. Some
studies find a correlation with both stage and gradel”], while others with stage only"™,
with differences purportedly attributable to sample size and study methodology.

Lastly, serum CA 19-9 has potential as a prognostic marker. In a study involving 144
bladder cancer patients, elevated serum CA 19-9 levels were associated with 2.54 times
higher risk of death™. On the contrary, the literature on the prognostic value of
urinary CA 19-9 is scarce.

Benign urological diseases: Similarly, CA 19-9 may have potential use in UPJO and
autosomal dominant polycystic kidney disease.

In UPJO, serum and urinary CA 19-9 are evaluated for their value in diagnosis and
management. There are three main challenges in UPJO - inadequate diagnostic
accuracy and accessibility of diagnostic investigations, and lack of consensus on which
patients require early surgical management and postoperative monitoring!"*l.

Most studies have focused on UPJO in children. A study by Nabavizadeh et all'"l
involving 27 pediatric UPJO patients proposed urinary CA 19-9 with a 30.6 U/mL
threshold as a reliable diagnostic adjunct, while serum CA 19-9 was deemed less
useful®. For optimizing management strategies, elevated urinary CA 19-9
independently predicted the failure of conservative management!'’"l. For postoperative
monitoring, downtrending urinary CA 19-9 was proposed as a surrogate marker for
successful surgical resolution of renal damagel'”"l. In another study on postoperative
monitoring, the urinary CA 19-9/ creatinine ratio fared better than urinary CA 19-9""",

In contrast, research on CA 19-9 in UPJO in adults is limited. One study by Miranda
et al'™ involving 47 adult UPJO patients demonstrated expected elevations and
reductions in urinary CA 19-9 before and after pyeloplasty. However, it fell short of
correlating the changes in CA 19-9 with differential renal function”], which is one
parameter currently used to select patients for surgical management!'””. On the other
hand, another study by Banerjee et all'* involving 24 adult UPJO patients found a
significant inverse correlation between preoperative urinary CA 19-9 and renal
function markers like GFR and split renal function'*. Taken together, the potential of
urinary CA 19-9 is promising but requires validation in larger scale studies across both
adult and pediatric populations.

Next, the value of serum CA 19-9 in diagnosing liver cyst infections in autosomal
dominant polycystic kidney disease patients is controversial. Liver cysts infections are
rare but life-threatening complications of autosomal dominant polycystic kidney
disease. Diagnosis is challenging due to unspecific symptoms and no standardized
diagnostic criterial ™. A case report by Kanaan et all'™! on three autosomal dominant
polycystic kidney disease patients reported marked elevations in serum CA 19-9 from
already elevated baselines during liver cyst infections (LCI)!'". However, a subsequent
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case report by Neuville et all' in 2019 on five autosomal dominant polycystic kidney
disease patients found no significant increases in absolute values and changes in
baseline serum CA 19-9 during LCI""L.

Pulmonary diseases: Studies have evaluated serum, BAL, and pleural fluid and
immunohistochemistry staining for CA 19-9 in lung cancer and benign pulmonary
diseases such as idiopathic pulmonary fibrosis and pulmonary nontuberculous
mycobacterial disease.

Malignant pulmonary diseases: Amongst lung cancer subtypes, CA 19-9 has potential
in diagnosis, staging, prognostication, and prediction for complications and
recurrences of Non-Small Cell Lung Cancer (NSCLC) specifically. However, a caveat is
that only a minority of NSCLC patients express elevated CA 19-9 levels!""*1.

While CA 19-9 appears to have diagnostic value, the optimal combination and
source of CA 19-9 (serum or BAL fluid) remain ambiguous. A study by Wang et al!'*’}
involving 150 patients showed that a combination of Serum CA 19-9, CEA, neuron-
specific enolase, and cytokeratin 19 fragment (CYFRA 21-1) had a 90.2% PPV in
diagnosing lung cancer!"”. Another study by Ghosh et al"! involving 90 patients
demonstrated that BAL fluid CA 19-9 was more accurate than serum CA 19-9 and
other BAL tumor markers. Hence, a combination of BAL fluid CA 19-9, CEA, CA 125,
and serum CA 15-3 was proposed!"'’l.

The prognostic role of CA 19-9 is controversial. A study by Sato et al'™ involving
246 Stage IIIB and Stage IV lung adenocarcinoma patients demonstrated that serum
CA 19-9 was an independent prognostic marker in lung adenocarcinoma*. In
contrast, another study by Tsoukalas et al'”! involving 100 NSCLC patients, who were
not stratified by stage, showed that elevated CA 19-9 levels correlated with shorter OS,
but could not prove CA 19-9 to be an independent prognostic factor!""\. Sato et all'*]
also reported that stronger immunohistochemistry staining for CA 19-9 correlated
with shorter RFS in 116 clinical stage I lung adenocarcinoma patients!'”l. However, Ma
et al' s study involving 164 patients showed that CA 19-9 had limited prognostic
value in Stage 1 NSCLC!'""l. The varying conclusions suggest that the prognostic value
of CA 19-9 may depend on the subtype and stage of lung cancer and the source of CA
19-9 sample.

Specifically, in the adenocarcinoma subtype, serum and pleural fluid CA 19-9 were
evaluated to predict recurrences, metastases, and lung cancer complications like
cancer-associated stroke and malignant pleural effusion. One study by Isaksson ef all'*”!
involving 107 stage I-III resectable lung adenocarcinoma patients suggested that
elevated preoperative CA 19-9 predicts disease recurrence!''”. A study by Ren et all'"!
showed that serum CA 19-9 could predict metastases with 92.0% specificity!"l.
Regarding complications, a study by Xie et al""*l involving 102 patients showed that
every 1 U/mL increase in serum CA 19-9 increased the risk of lung cancer-associated
stroke by 2.1%!"“. These findings could expedite stroke-prevention therapy in lung
cancer patients, given these patients are at increased risk of stroke within six months of
diagnosis compared to the average population**. Furthermore, Feng et al"""V s meta-
analysis involving 177 patients demonstrated that a combination of pleural fluid CA
19-9, CEA, and CYFRA 21-1 could accurately distinguish lung adenocarcinoma-
associated malignant pleural effusion from benign effusion""”l. Detection of malignant
pleural effusion has prognostic relevance as patients would be upstaged to stage IV
disease.

Benign pulmonary diseases: CA 19-9 is also being studied in benign pulmonary
diseases, like idiopathic pulmonary fibrosis and pulmonary nontuberculous
mycobacterial disease.

CA 19-9 could assess disease progression in idiopathic pulmonary fibrosis, as it is a
surrogate for epithelial damage. In a study by Maher et all"*! involving 106 patients, a
significantly higher CA 19-9 value (53.7 U/mL vs 22.2 U/mL, P < 0.0001) was reported
in patients with progressive disease compared to those with stable disease!"'l.

CA 19-9 could monitor therapeutic responses in pulmonary nontuberculous
mycobacterial disease. In a study by Hong et al"'"! involving 24 patients, CA 19-9 levels
decreased significantly amongst all 17 patients who responded to treatment clinically
but remained constant in 7 patients without treatment response!'”. Effective
biomarkers are needed due to the increasing burden of pulmonary nontuberculous
mycobacterial disease and the current difficulty in measuring treatment response
using microbiological, radiologic, and quality-of-life parameters!"'”..

Gynecological diseases: Serum CA 19-9 has been studied in uterine and ovarian
diseases. This section discusses its potential roles in endometrial cancer,
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endometriosis, benign, and malignant ovarian tumors.

Malignant and benign uterine diseases: Serum CA 19-9 may be useful as an adjunct
in diagnosis and prognostication of endometrial cancer. No serum marker has been
internationally validated in endometrial cancer. In a study by Bian et all"*l involving
105 patients, preoperative serum CA 19-9 alone had limited diagnostic accuracy.
However, a combination of CA 19-9, HE4, CA 125, and CA 72-4 showed good
sensitivity (59.1%), PPV (0.88), and NPV (0.90) in the diagnosis of endometrial cancer.
Elevated CA 19-9 correlated with higher International Federation of Gynecology and
Obstetrics stage and lymph node involvement, both of which are important factors in
endometrial cancer prognosis!''?.

In contrast, serum CA 19-9 has no role in the diagnosis of endometriosis. In a meta-
analysis by Nisenblat et all'”! involving 309 patients across three studies, an inadequate
sensitivity (0.36) and specificity (0.87) was reported!"”. Thus, serum CA 19-9 proved
neither helpful in supplementing nor replacing diagnostic laparoscopy.

Malignant and benign ovarian diseases: CA 19-9 has potential as an adjunct in
diagnosing and predicting complications in Ovarian Mature Cystic Teratomas
(OMCT). OMCTs are common benign ovarian tumors that are often asymptomatic
except when exceptionally enlarged, which results in torsion, rupture, or compression
of surrounding structures. It is often detected incidentally on ultrasonography (US),
but the diagnosis is histological. Particularly in premenopausal women where
preserving fertility is crucial, the higher preoperative diagnostic accuracy of adnexal
masses is needed. Preoperative CA 19-9 has potential diagnostic utility, if
supplementary to imaging!”! and other tumor markers. In a study by Cho ef all"*!!
involving 322 patients, OMCTs were associated with isolated elevation of CA 19-9,
whereas cancers were associated more with a simultaneous elevation of CA 19-9 and
CA 125071, Elevated CA 19-9 can also predict complications and guide management. A
meta-analysis by Prodromidou etal'”! involving 995 patients in nine studies
demonstrated a correlation between elevated CA 19-9 levels and significantly larger
mean size of OMCT and ovarian torsion!”’). These studies, however, did not screen for
concomitant conditions causing raised CA 19-9.

CA 19-9 is not useful in diagnosing ovarian cancer. CA 19-9 levels differentiate
benign and malignant adnexal masses poorly, despite combination with other tumor
markers such as AFP, CEA, CA 15-36, and CA 125. This is due to its poor sensitivity
(18.4%), specificity (93.0%), PPV (43.7%) and NPV (79.6%)!"*’l. However, CA 19-9 can
potentially differentiate between subtypes of ovarian cancer, which have vastly
different prognoses. Zhang et al'*! showed in a study involving 183 patients that
Ovarian Serous Carcinoma had lower mean CA 19-9 levels than Ovarian Malignant
Epithelial Cancer, with the former having a better prognosis!'*l. In the same study, the
addition of CA 19-9 levels increased the sensitivity (81.0%) and specificity (73.0%)
compared to the contrast-enhanced US alone (79.0% and 65.0%, respectively) in
differentiating the two subtypes. Thus, a combination of US, CA 19-9, and CA 125 had
the highest sensitivity (89.0%) and specificity (95%)!'*.

Thyroid diseases: Serum and immunohistochemistry staining for CA 19-9 may have
prognostic value in thyroid cancers, particularly in medullary thyroid cancers. Firstly,
serum CA 19-9 can be an adjunct prognostic marker to calcitonin doubling time
currently used"*l. Elevated CA 19-9 levels predict more aggressive forms of medullary
thyroid cancers and significantly shorter OSI'”], independently from calcitonin
doubling timel"*!l. A cut-off value of 18.3 U/mL (with 83% sensitivity, 91% specificity)
for CA 19-9 elevation was calculated, which is lower than the threshold typically
associated with CA 19-9 in PDAC!'#L Secondly, a recent study by Vargas et all'*]
involving 70 patients suggested that a diffuse pattern of immunohistochemistry
staining for CA 19-9 in medullary thyroid cancer tissue could predict metastatic
potential even at initial diagnosis!'*!, corroborating an earlier pilot study"*. These
findings will have crucial therapeutic implications if validated as metastatic potential
cannot currently be determined at disease presentation and can only be evaluated after
the initial treatment of medullary thyroid cancers using calcitonin and CEA'"1.

In contrast, recent studies on CA 19-9 in papillary thyroid cancers have been scarcer.
These are limited to case reports that suggest using CA 19-9 for monitoring disease
progression. Firstly, serum CA 19-9 may detect anaplastic transformation of thyroid
cancers!'”l. Secondly, serum CA 19-9 could monitor recurrence and metastases more
effectively than serum thyroglobulin, especially in patients with raised anti-
thyroglobulin antibodies or after transformation to undifferentiated cancers!*..
Nevertheless, these conclusions are based on individual patients and need to be
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studied further in larger scale studies.

Salivary gland diseases: Little has been studied regarding CA 19-9 in salivary gland
diseases. A study by Dyckhoff ef al involving 28 patients evaluated the diagnostic
value of salivary CA 19-9 in parotid cancer. A threshold of 370 kU/L predicted parotid
cancer?l. Of note, no tumors that showed elevated salivary CA 19-9 displayed classical
signs of cancer, showing that salivary CA 19-9 may have a role in asymptomatic
patients. Furthermore, the current best preoperative investigation (fine-needle
aspiration cytology) is highly operator-dependent. Hence, it may be worthwhile to
prove further the diagnostic ability of salivary CA 19-9 in larger populations.

CONFOUNDERS TO ACCURATE CA 19-9 MEASUREMENTS AND
SUGGESTED WAYS TO CIRCUMVENT THEM

One major limitation in the clinical utility of CA 19-9 would be false-negative results in
genotypically Lewis*® patients whose CA 19-9 levels will be perpetually undetectable.
However, a recent study by Luo et all'"l involving 1482 patients identified raised CA
19-9 levels (> 37 U/mL) in 27.4% of Lewis-negative patients, suggesting
counterintuitively that not all Lewis-negative patients are CA 19-9 non-producers!'*’l.
Nevertheless, a simultaneous Lewis and secretor genotyping and measurement of
disialyl Lewis A would still be useful in guiding the use of CA 19-9 in individuals*’.
Another limitation is false-positive elevations in obstructive jaundice, due to the
blockage of biliary excretion. CA 19-9 measurements should be repeated after the relief
of jaundice, in which the same cut-off values can be applied!.

Furthermore, CA 19-9 is not a cancer-specific marker due to its non-specific
expression in those mentioned above benign and malignant pathologies. Clinicians
must be cautious in evaluating for cancers in patients with other concomitant benign
diseases. Routine CA 19-9 testing is generally not recommended. However, as slightly
elevated CA 19-9 Level without evidence of cancer or pancreatobiliary diseases
remains a common dilemma in clinical practice, recommendations investigations for
the work-up include Chest X-ray or CT, serum glucose, and HbAlc, liver function test,
thyroid function test, and abdominopelvic CT for gynecological diseases. A benign
causative disease is likely if changes in CA 19-9 correspond with the course and
treatment of disease. Suspicion for cancer should be raised if there is marked elevation
throughout a 3-mo follow-up period or baseline CA 19-9 > 80 U/mLP. Measurements
of monosialyl/disialyl Lewis-a ratios could be used to distinguish malignant from
benign conditions, as sialyl Lewis-a expression is upregulated during carcinogenesis!'l.

Lastly, accurate interpretation of CA 19-9 depends on assay type and absence of
interference. Firstly, there lacks standardization in CA 19-9-measuring methods used
across different assays in the market. While different assays have similar diagnostic
accuracies, these discrepancies render their results incomparable across assays. The
implication is that patients whose CA 19-9 values are being serially trended must be
monitored consistently using one assay method. Secondly, while assays' interferences
are uncommon, two key interferences (rheumatoid factor and heterophilic antibodies)
must be purposefully excluded!'.

CONCLUSION

The utility of CA 19-9 extends beyond the conventional idea of it being used almost
exclusively in pancreatic pathologies. In an attempt to summarize the vast current
literature surrounding CA 19-9, we present the current consensus in its use in
pancreatic pathologies and the potential applications of it in extra-gastrointestinal
pathologies and beyond. Avenues for potential use in gastrointestinal, urological,
lung, uterine, ovarian, salivary gland, and thyroid diseases bring forth excitement and
anticipation for more innovation from this historic 40-year old marker.
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