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Abstract

Background CA19-9 is a tumor marker for pancreatic
cancer, cholangiocarcinoma, and other malignancies.
However, its sensitivity and specificity is suboptimal in
clinical practice, which we hypothesized limits its clinical
utility.

Aims To evaluate the clinical utility and limitations of
CA19-9 as a tumor marker.

Methods We performed a retrospective review of CA19-9
levels (U/ml) in 483 consecutive patients between 2006 and
2008 at two university hospitals. We abstracted clinical,
radiographic, and pathological data and final diagnoses.
Descriptive and non-parametric analyses were performed.
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Results Patients presenting with jaundice had the highest
CA19-9 (420) compared to other complaints (<20)
(p < 0.01). The indications with the highest CA19-9 had
evidence of biliary obstruction (71), liver mass (54), and
pancreatic head mass (27) compared to other indications
(<15) (p < 0.01). The diagnoses with the highest CA19-9
(»p <0.01) were cholangiocarcinoma (476), pancreatic
cancer (161), and choledocholithiasis (138). Using a
receiver operator curve to evaluate CA19-9, the area under
the curve was 0.7 when evaluating all patients for pan-
creatic cancer or cholangiocarcinoma or patients with
pancreatic head mass for pancreatic cancer.

Conclusions This study found that for pancreatic cancer
and cholangiocarcinoma, CA19-9 had poor clinical utility
as a tumor marker and did not change patient management.
Elevations in CA19-9 were associated with biliary
obstruction based on clinical history, laboratory data, and
diagnoses.
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Introduction

In 1979, Koprowski described a monoclonal antibody
cultured from cells of colorectal carcinoma that binds to
antigenic determinants located on a sialylated Lewis A
blood group oligosaccharide; subsequently, he named the
antibody serum carbohydrate antigen 19-9 (CA19-9) [1, 2].
Consequently, the 5% of the population that does not
express the Lewis antibody are unable to synthesize CA19-9
[3]. Studies on the clinical utility of CA19-9 in diagnos-
ing pancreatic cancer have been small, and meta-analysis
has been necessary to extract meaningful results [4].

@ Springer



2492

Dig Dis Sci (2011) 56:2491-2496

One meta-analysis of these previous studies showed that
the sensitivity for pancreatic cancer using a CA19-9 level
of 37 and 100 U/ml was 81 and 68%, respectively, while
the specificity using the same levels was 90 and 98%,
respectively [5]. Unfortunately, studies have shown that
serum CA19-9 levels are also elevated in a broad range of
benign and malignant conditions including cholecystitis,
choledocholithiasis, hepatitis, cirrhosis, pancreatitis, acha-
lasia, inflammatory bowel disease, rheumatoid arthritis,
heavy tea consumption, Sjogren’s syndrome, Hashimoto’s
thyroiditis, cholangiocarcinoma, and colorectal, hepato-
cellular, esophageal, lung, and ovarian carcinomas [6, 7].
Despite the shortcomings, CA19-9 continues to fre-
quently be ordered. Historically, limitations in imaging
necessitated the use of tumor markers such as CA19-9 and
morbid procedures such as exploratory laparotomy to
establish a diagnosis of pancreatic or biliary neoplasia.
Significant advances in cross-sectional and endoscopic
imaging and sampling since CA19-9 was discovered in
1979 have clearly improved the ability to diagnose diseases
of the pancreas and bile ducts in a much less morbid way
[8-10]. As such, we hypothesized that the sensitivity and
specificity of CA19-9 when used by clinicians in the 21st
century is possibly lower than previously described.

Methods

This was a retrospective study from January 2006 to
December 2008 performed at the University of Texas
Southwestern’s St. Paul University Hospital and Parkland
Memorial Hospital, a county hospital affiliated with UT
Southwestern. The study was approved by the University
of Texas Southwestern Institutional Review Board. First,
the laboratory database was queried for any CA19-9 level
that was obtained during the study period. Patients were
identified this way and counted once regardless of how
many CA19-9 levels were drawn for any patient. Both
institutions use the immunoenzymatic assay from Beckman
Coulter (Ireland) to measure CA19-9 with an upper limit of
normal of 55 U/ml. Demographic, clinical, radiographic,
and pathological data and final diagnoses were abstracted
from electronic and paper medical records.

Descriptive and non-parametric analyses were per-
formed on the data set. Categorical data were reported as
number and percentage. A Pearson Chi-square test was
used for comparing categorical data. Continuous variables
were reported with median and standard deviation. For
continuous data, Mann—Whitney U test and Kruskal-Wal-
lis test were used for analyses between groups when
appropriate. Receiver operator curves (ROC) were used to
evaluate the sensitivity and specificity by determining the
area under the curves with 95% confidence intervals. All
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analyses were performed using PASW Statistics 17.0.2
(SPSS Inc., Chicago, IL).

Results
Demographics

Four hundred and eighty-three consecutive patients were
identified, with were 210 men (44%) and 273 women (57%).
Men had a non-statistically significant (p = 0.07) higher
median CA19-9 level of 26 U/ml (SD 20,000 U/ml),
compared to women, who had a median CA19-9 level of
17 U/ml (SD 59,000 U/ml). CA19-9 was distributed dif-
ferently (p < 0.001) according to ethnicity (Table 1). The
median CA19-9 level was highest in Caucasians (38 U/ml),
followed by Asians (23 U/ml), African Americans (19 U/ml),
and Hispanics (11 U/ml), but it did not correlate with the
frequency of patients diagnosed with pancreatic cancer or
cholangiocarcinoma (Caucasians 15%, Asian 14%, African
Americans 21%, and Hispanics 23%).

Clinical Data

A chief complaint was stated in the note of 479 out of the
483 patients (Table 1). This included abdominal pain
(38%), jaundice (7%), increased abdominal girth (6%), and
other complaints (i.e., edema, weakness, shortness of
breath, musculoskeletal pain, gastrointestinal bleeding, and
neurological changes; 42%). Each chief complaint had a
large variance in CA19-9 levels, but jaundiced patients had
the highest CA19-9 level (420 U/ml), which was signifi-
cant compared to the other chief complaints (p < 0.001).

Serum CA19-9 was obtained for indications included in
Table 1. Prior to measuring CA19-9, all patients already
had imaging including abdominal ultrasound, CT or MRI.
The most common indications were to evaluate an
unknown primary malignancy (27%), pancreatic mass
(24%), liver mass (12%), and biliary obstruction (11%).
Median CA19-9 was highest in patients with biliary
obstruction (71 U/ml) followed by patients with liver
masses (54 U/ml), and pancreatic masses (27 U/ml), and
each indication had a different distribution of CA19-9
(p = 0.001). Fifty-three percent of patients with pancreas
head masses and 10% of patients with liver masses had a
final diagnosis of pancreatic adenocarcinoma or cholangi-
ocarcinoma. After reviewing the records of the 129 patients
with unknown primary malignancies, CA19-9 was neither
helpful in establishing the primary etiology of an unknown
primary malignancy nor did it result in additional pancre-
atic or biliary diagnostic testing to elucidate a primary
malignancy in a single patient.
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Table 1 Patient characteristics n (%) CA19-9 median » value
(SD) (U/ml)
Ethnicity 0.001
Caucasian 131 27%) 38 (3,077)
Hispanic 152 (31%) 11 (20,694)
African American 171 (35%) 19 (5,289)
Asian 22 (5%) 22 (203,280)
Other 6 (1%) 5 (16)
Chief complaint <0.001
Abdominal pain 182 (38%) 15 (28,000)
Jaundice 36 (7%) 420 (10,400)
Increased abdominal girth 30 (6%) 15 (240)
Unknown 4 (1%) 25 (34)
Other 205 (42%) 18 (65,400)
Indication for test 0.001
Unknown malignancy 129 (27%) 13 (20,000)
Pancreatic mass 116 (24%) 27 (87,000)
Liver mass 57 (12%) 54 (2,100)
Biliary obstruction 51 (11%) 71 (41,300)
Ovarian mass 36 (8%) 10 (203)
Pancreatitis 23 (5%) 14 (63)
Ascites 20 (4%) 14 (300)
Unknown 3 (1%) 22 (13)
Other 48 (10%) 13 (5,400)

Other Laboratory Data

Serum laboratory values were available for 95% of the
patients. AST, ALT, total bilirubin, alkaline phosphatase,
albumin, creatinine, hemoglobin, white blood cell count,
platelets, anti-nuclear antibody, and glucose were extracted
from chart review. Laboratory data was then dichotomized
based on the upper limit of normal for serum CA19-9
(Table 2). Patients with an elevated CA19-9 consistently
had higher AST, ALT, total bilirubin, and alkaline phos-
phatase compared to patients without elevated serum
CA19-9 (p < 0.001). Additionally, a different distribution
of serum albumin values including a lower median and
larger standard deviation was noted in patients with ele-
vated CA19-9 (p < 0.001). The distribution of hemoglobin,
white blood cell count, platelets, and glucose was not sta-
tistically different between the two groups. Anti-nuclear
antibody titers were available for 25 patients without any
statistical difference (p = 0.8) between the two groups.

Final Diagnoses

The final diagnoses in 448 out of 483 (93%) patients
included infectious, biliary, and biopsy-proven malignant
processes (Table 3). The most common diagnoses included
pancreatic adenocarcinoma (14%), unknown primary

malignancy (7%), and pancreatitis (7%). The distribution
of CA19-9 amongst the different disease processes varied
widely (p < 0.001). The final diagnoses associated with the
highest median serum CA19-9 levels were cholangiocar-
cinoma (476 U/ml), primary biliary cirrhosis or primary
sclerosing cholangitis (170 U/ml), pancreatic cancer
(161 U/ml), choledocholithiasis (128 U/ml), colon cancer
(102 U/ml), and hepatocellular carcinoma (74 U/ml). The
subset of 143 patients who carried one of these six diag-
noses were dichotomized based on serum CA19-9 elevated
higher or lower than the assay’s upper limit of normal to
analyze the serum laboratory values in these patients. An
elevated serum AST, ALT, total bilirubin, and alkaline
phosphatase were all again associated with an elevated
CA19-9 (all p < 0.01) in this subset of patients.

Receiver Operative Curve Analysis

An ROC was constructed to determine the efficiency of
CA19-9 in diagnosing biliary and pancreatic malignancy
(Fig. 1). The area under the curve (AUC) was 0.67 (95%
CI 0.59-0.75) for biopsy-proven cholangiocarcinoma or
pancreatic cancer. The AUC in diagnosing biopsy-proven
pancreatic adenocarcinoma in patients with a known pan-
creatic head mass was 0.66 (95% CI 0.55-0.76). The
sensitivities and specificities at different CA19-9 levels
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Table 2 Laboratory values Patients with CA19-9 < 55 Patients with CA19-9 > 55 p value
Median (SD) Median (SD)

AST 22 (84) 47 (107) <0.001
ALT 17 (112) 32 (113) <0.001
Total bilirubin 0.5 (3.4) 1.5 (8) <0.001
Alkaline phosphatase 87 (157) 216 (421) <0.001
Albumin 3.6 (0.7) 33 (4.2) <0.001
Creatinine 0.8 (5.4) 0.8 (1.0) 0.19
Hemoglobin 11.6 2.4) 11.5 (1.9) 0.31
White blood cell count 7.8 (9.1) 8.3 (5.4) 0.06
Platelets 263 (130) 264 (137) 0.70
Glucose 105 (47) 112 (47) 0.26

used by previous study groups are represented in tabular
format in Table 4.

Discussion

In this study, serum CA19-9 level was found to have a

lower sensitivity and specificity for diagnosing pancreatic
cancer or cholangiocarcinoma than what has been

Table 3 Final diagnoses

Final diagnosis n (%) Median CA19-9
(SD) (U/ml)
Pancreatic cancer 70 (14%) 161 (111,000)
Unknown primary 35 (7T%) 35 (40,000)
malignancy
Pancreatitis 36 (7%) 14 (700)
Ovarian cancer 29 (6%) 9 (229)
Benign cyst 28 (6%) 11 (21)
Colon cancer 25 (5%) 102 (6,500)
Hepatocellular cancer 19 (4%) 74 (200)
Lung cancer 20 (4%) 17 (513)
Gastric cancer 20 (4%) 11 (200)
Cholangiocarcinoma 15 (3%) 476 (72,000)
Non-hepatitis B/C cirrhosis 13 (3%) 8 (200)
Infection 16 (3%) 8 (17,000)
Lymphoma 11 2%) 17 (70)
Choledocholithiasis 8 2%) 128 (7,000)
Endometrial cancer 6 (1%) 29 (700)
Primary biliary cirrhosis/ 6 (1%) 170 (140)
primary sclerosing cholangitis
Benign biliary stricture 7 (1%) 8 (28,000)
Unknown 35 (7%) 13 (220)
Other malignancies 30 (6%) 27 (2,300)
Other 39 (8%) 15 (290)
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previously reported. The receiver operating curve showed
that CA19-9 was unreliable regardless of the cut-off used
for sensitivity or specificity based on an AUC of 0.67,
which had not been described in previous studies. The
sensitivity for diagnosing cholangiocarcinoma or pancre-
atic cancer was 64 and 59% using cut-off levels of 40 and
100 U/ml, which is lower than that previously described.
We found similar results for specificity, which were 69 and
82%, respectively. While the reason for CA19-9 was not
explicitly stated in the medical records, there is an under-
lying assumption that the clinician ordering the test was
concerned about pancreatic or biliary malignancy. In
patients with a pancreatic head mass on imaging, which
could be considered a particular subset of patients with a
higher pre-test probability for pancreatic neoplasia, pan-
creatic cancer was ultimately diagnosed in 53% of patients.
In this subset, CA19-9 had a sensitivity of 60 and 57% and
specificity of 81 and 86% using a cut-off level of 40 and
100 U/ml, respectively. In patients with known pancreatic
head masses, CA19-9 had an AUC of 0.66. Interestingly,
the poor sensitivity and specificity of CA19-9 was also
reflected in the fact that the level did not change patient
management in a single patient reviewed. In patients with
unknown primary malignancies, the CA19-9 level was not
used as a test to confirm, exclude, or guide diagnostic
studies for neoplasms of a pancreatic or biliary origin.
Invasive tests were sometimes performed to establish a
diagnosis regardless of the CA19-9 level. In all of the
patients reviewed, the CA19-9 was not explicitly indicated
as either a diagnostic or adjunct test leading to additional
testing or procedures. Conversely, the patient’s symptoms,
cross-sectional imaging, and endoscopic findings were
frequently referred to in notes when clinicians decided to
pursue additional diagnostic studies and procedures.

Our study also showed that CA19-9 variation across
ethnic backgrounds may exist, which has not been previ-
ously reported, and did not correlate with the frequency of
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Fig. 1 Receiver operator curve
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60 81
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57 86
48 95
48 95
10 98

malignancy; that is, while Caucasians had a higher CA19-9
level they were not more likely to be diagnosed with
neoplasia compared to the other ethnic groups. On the
other hand, African Americans and Hispanics had very low
median CA19-9 levels, which could indicate that it is even
less helpful as a diagnostic tool in these groups. Biological
variability beyond the absence of Lewis antibody may need
to be considered when interpreting a CA19-9 level.

Our study confirms the association between biliary
obstruction and elevated CA19-9 [11]. However, those
patients with evidence of biliary obstruction with eleva-
tions of AST, ALT, and bilirubinemia would have received
an appropriate hepatic, pancreatic, and biliary evaluation
regardless of the CA19-9 level. Actually, even patients
with non-hepatitis B/C cirrhosis, cholangiocarcinoma, pri-
mary biliary cirrhosis, primary sclerosing cholangitis,
pancreatic cancer, choledocholithiasis, colon cancer, or
hepatocellular cancer with an elevation of CA19-9 had
elevations in AST, ALT, bilirubin, and alkaline phospha-
tase. More importantly, patients with the aforementioned
diagnoses had normal liver enzymes and bilirubin when

CA19-9 was not elevated. This suggests that biliary
obstruction, which produced the highest CA19-9 levels,
determines the CA19-9 elevation irrespective of whether
the obstruction is benign or malignant.

The strengths of our study include the large number of
patients, biopsy-proven diagnoses of malignancy, patient
heterogeneity (a university hospital and a municipal hos-
pital), and the inclusion of demographic, clinical, patho-
logical, and radiographic data. The retrospective nature of
the study makes it impossible to establish a cause for all
CA19-9 elevations, especially when dealing with benign
disease.

In conclusion, serum CA19-9 is a poor diagnostic tumor
marker for pancreatic cancer and cholangiocarcinoma.
Furthermore, multiple confounding variables including
gender, ethnicity, medical history, and biliary obstruction
make interpretation of CA19-9 levels extremely difficult.
With the availability of and advances in imaging technol-
ogy, the diagnostic role of CA19-9 must be questioned as it
was imaging and not CA19-9 that physicians frequently
cited when recommending additional testing. In our
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review, CA19-9 did not aid in the diagnosis of malignancy,
did not add to the impression of biliary obstruction, and did
not alter management. Therefore, the role of CA19-9 in the
21st century is of questionable significance. Clinicians
should carefully consider their goals when ordering this
test.
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