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Abstract

Purpose Gallbladder and pancreas share common embryo-
logical origin, and malignancies of these organs may share
common tumor antigens. CA 242 is a tumor marker for
pancreatic cancer, but has not been studied in gallbladder
cancer (GBC). We measured serum CA 242 levels in
patients with GBC and compared it with those in patients
with gallstones (GS) and healthy volunteers.

Methods We enrolled consecutive patients with GBC
(cases), GS (disease controls), and healthy volunteers
(healthy controls). Serum CA 242, CEA, and CA 19-9
levels were measured using ELISA. Receiver operator
curve was plotted for all the three markers.

Results We studied 117 patients with GBC, 58 with GS,
and 10 healthy volunteers. Among patients with GBC, 81
(69%) also had GB calculi. Patients with GBC more often
had elevated CA 242 levels (64%) compared to those with
GS (17%; p<0.001) and healthy controls (0%; p<0.001).
The median levels of CA 242 was higher in the GBC group
(59 [199] U/ml) compared to the GS group (10 [13] U/ml;
p<0.001) and the control group (3 [14.5] U/ml; p<0.001).
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The sensitivity, specificity, positive predictive value (PPV),
and negative predictive values of CA 242 for diagnosis of
GBC were 64%, 83%, 88%, and 53%, respectively. At a
cutoff of 45 U/ml, the specificity and PPV increased to
100%. CA 242 had higher AOC (0.759) compared to CEA
(0.528) and CA 19-9 (0.430).

Conclusions CA 242 is a promising tumor marker for GBC
and performs better than CEA and CA 19-9.
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Introduction

Gallbladder cancer (GBC) occurs with varying frequency in
different parts of the world [1, 2]. In Northern India, it has
an incidence as high as 13.5 per 100,000 population, and it
is the third common cause of cancer deaths in women
[3, 4]. Unlike other malignancies, there is no tumor marker
available for the detection and management of patients with
GBC. A tumor marker could aid in diagnosing GBC when
cytological confirmation is not possible, in assessing tumor
burden, and in assessing response to therapy.

CA 242 is a sialiated carbohydrate antigen that has been
used as a tumor marker for pancreatic cancer with
promising results [5—8]. GB and pancreas share a common
embryological origin, and thus, tumors arising from them
may share some common antigens. For instance, CA 19-9
was first used in pancreatic cancer and was then evaluated
and found useful in the diagnosis of GBC [9]. However,
CA 19-9 is elevated even in patients with gallstones,
especially if there is associated cholestasis [10]. In contrast,
serum levels of CA 242 have been found to be usually
normal in those with benign conditions [5, 11]. The role of
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CA 242 as a tumor marker in differentiating benign and
malignant biliary disease needs to be elucidated.

The aim of the present study was to determine the serum
levels of CA 242 in patients with GBC and to compare
those levels with those in patients with gallstones (GS), and
with those in healthy volunteers.

Patients and Methods
Patient Selection

All consecutive patients with suspected GBC or GS who
attended the gastroenterology or surgical services of our
tertiary care center from June 2002 to May 2004 were
invited to participate in the study. All patients enrolled in
the study provided written informed consent. The study
was approved by the ethics committee of our hospital
and was conducted in accordance with the Helsinki
guidelines.

The diagnosis of GBC was based on clinical, radiolog-
ical, and cytological evidence of gallbladder malignancy.
An ultrasound-guided aspiration cytology was obtained
from the gallbladder mass using standard precautions and
examined by an experienced cytologist (RS) for evidence of
malignant cells. An ultrasound and contrast-enhanced
computerized tomography were used to stage each case of
GBC, according to Henson’s staging criteria [12]. All
patients with GBC were also assessed for ultrasound
evidence of GS and categorized as having no GB calculi,
a solitary GB calculus, or multiple GB calculi.

All patients with symptomatic GS disease underwent an
ultrasound examination to rule out incident GBC. They
then underwent cholecystectomy, and resected GB speci-
mens were examined for the presence of dysplasia or
carcinoma in situ. Those with no histological evidence of
GBC were classified as disease controls. Healthy controls
were volunteers who underwent an ultrasound examination
and had no evidence of GB pathology. All the participants
underwent a detailed clinical evaluation to assess disease
symptomatology and characteristics.

Assessment of CA 242 Levels

A 5-ml blood sample was obtained from each participant,
from which sera was extracted after centrifugation. The sera
samples were stored at —20°C. We used an enzyme-linked
immunosorbent assay (CAN Ag Diagnostics, Sweden), as
per manufacturer’s instructions, to determine the serum
levels of CA 242 in all the samples. We considered CA 242
to be clevated if the value was >20 U/ml, as recommended
by the manufacturers. The inter-assay and intra-assay
variations were 4.1% and 4%, respectively.
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Assessment of CEA and CA 19-9

Serum CEA and serum CA 19-9 levels were also studied in
42 patients with GBC and 9 patients with GS. CEA levels
were assessed using ELISA (United Biotech Inc, CA) and
cutoff of 5 U/ml as considered to be elevated as per
manufacturer’s recommendations. CA 19-9 levels were
assessed using ELISA (BioCheck Inc, CA) and cutoff of
35 U/ml levels as considered to be eclevated as per
manufacturer’s recommendations. The inter-assay and
intra-assay variations were <5%.

Statistical Analysis

Statistical analysis was performed using SPSS Inc., Chicago,
IL (version 13). Student’s 7 test was used to compare the age
between quantitative variables across the three groups.
Chi-square tests were used to compare the gender distribu-
tion as well as levels of tumor markers positivity between the
three groups. Mann—Whitney U test was used to compare the
CA 242 levels as CA 242 had a nonparametric distribution.
p value of <0.05 was considered to be significant.
Sensitivity, specificity, positive predictive value (PPV), and
negative predictive values (NPV) with their 95% CI were
also determined. Receiver operator curve was plotted for CA
242, CA 19-9, and CEA levels as a diagnostic test for GBC
group in comparison to GS group.

Results

We studied 117 patients with GBC, 58 patients with GS,
and 10 healthy controls (Table 1). The mean ages of
patients with GBC was higher (54 [11] years) than that of
patients with GS (46 [14] years; p=0.001) and that of
controls (40 [7.5] years; p=0.001). In the above three

Table 1 Levels and positivity of tumor markers in patients with GBC,
patients with GS, and healthy controls

Characteristics GBC GS Healthy p value
(n=117) (n=58) controls
(n=10)
Age (year), mean+SD 54+11  46+14 40+10 <0.001
Females, n (%) 75 (64) 47 (81) 6 (60) 0.06
Elevated CA 242 levels, 75 (64) 10 (17) 0 (0) <0.001
n (%)
Serum CA 242 (U/ml), [IQR] 59 [199] 10[13] 3 [14] <0.001
Elevated CEA levels, n (%) 25 (61) 5(56) 0 (0) NS
Serum CEA (U/ml), [IQR]* 9.5[28] 6[11.5] — NS
Elevated CA 19-9 levels, 717 3((33) 0(0) NS
n (%)*
Serum 19-9 (U/ml), [IQR]* 5[19] 4.5[11] - NS

*Data on 41 patients with GBC and 9 patients with GS
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groups, the proportion of women was 64%, 81%, and 60%,
respectively, the proportion being higher in the GS group
than the others.

The patients with GBC reported having symptoms for a
mean duration of 4.5 months at presentation. The disease
characteristics at presentation were history of pain in 102
(87%), history of weight loss in 101 (87%), presence of a
palpable GB lump in 85 (73%), icterus in 71 (61%), and
ascites in 11 (10%) patients. Ultrasound and computerized
tomographic examination of the abdomen showed presence
of either a GB mass or GB wall thickening. Associated GB
calculi were present in 81 cases, 91% of which were
multiple and 9% were solitary. There were lymph node
metastasis in 67%, hepatic metastasis in 59%, and ascites in
10% of the patients. Most patients (82%; 96/117) had
advanced stage of the disease (Henson’s stage III or IV) and
thus were unresectable. All patients had evidence of
adenocarcinoma on aspiration cytology.

All the patients with GS were symptomatic with biliary
colic or postprandial dyspepsia. Three patients had evi-
dence of cholestasis due to biliary obstruction secondary to
stones. Ultrasound showed presence of multiple calculi in
76% and solitary calculus in 24% of patients. None had any
radiological features suggestive of GBC. All underwent
cholecystectomy, and none of the resected GB specimens
had any foci of cancer, carcinoma in situ, or dysplasia.

Patients with GBC more often had elevated CA 242
levels (64%) compared to those with GS (17%; p<
0.001) and healthy controls (0%; p<0.001) (Fig. 1). The
median levels of CA 242 were higher in the GBC group
(59 [199]) compared to the GS group (10 [13]; p<0.001)
and the control group (3 [14.5]; p<0.001). All patients in
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Fig. 1 The receiver operator curve for CA 242 as a tumor marker for
differentiating patients with gallbladder cancer from patients with
gallstones alone is depicted. The area under the curve for CA 242 is
0.759. The broken line represents the reference line

the GS group had CA 242 levels <42 U/ml. For diagnosis
of GBC among patients with GB disease, the sensitivity,
specificity, PPV, and NPV of CA 242 were found to be
64%, 84%, 88%, and 53%, respectively. A ROC curve
was plotted for CA 242, and the area under the curve was
0.759 (p<0.001) (Fig. 2). At a cutoff of 45 U/ml, the
specificity and positive predictive value increased to
100% each, but the sensitivity and NPV were 53% and
51%, respectively.

There was no relationship of CA 242 levels with age,
gender, stage of the disease, bilirubin level, or presence
of ascites. However, patients with GBC who did not
have GS (n=36) more often had an elevated CA 242
levels than those with GS (n=81) (72% vs. 44%;
p=0.005). Among patients with GBC, those without
gallstones had the higher median levels of CA 242 (195
[IQR 1,766]) (Table 2) compared to those with gallstones
(31 [IQR 164]; p=0.004).

The serum CEA and CA 19-9 levels were also studied in
41 of the patients with GBC and 9 of the patients with GS.
CEA levels were elevated in 61% (25/41) in patients with
GBC in contrast to 55.6% (5/9) patients with GS. The
median CEA level was 9.5 (IQR 28) U/ml in patients with
GBC in contrast to 6 (IQR 11.5) U/ml in patient with GS
(»=0.791). The sensitivity, specificity, PPV, and NPV of
CEA were found to be 61%, 44%, 83%, and 25%,
respectively. A ROC curve was plotted for CEA, and the
area under the curve was 0.528 (p=NS). CA 19-9 levels
were elevated in 17% (7/41) in patients with GBC in
contrast to 33% (3/9) patients with GS. The mean CA 19-9
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Fig. 2 A scatter plot showing the values of CA 242 on the y-axis in
the three different groups: patients with gallbladder cancer (group 1),
patients with gallstones (group 2), and normal controls (group 3).
Each dot represents a patient, and y-axis is on a logarithmic scale. The
continuous horizontal line from the y-axis is at 20 U/ml (the
manufacturer’s cutoff), and the broken line is at 45 U/ml (our
proposed cutoff)
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Table 2 Parameters in patients with GBC according to gallstone status

Parameters (n) No GS (36) Single Multiple p value
GS (7) GS (74)
Mean age (in years) 56+12 5548 52.4=+11 0.308
Females, n (%) 16 (44%) 5(71%) 54 (73%) 0.013
Metastasis, n (%) 18 (50%) 3 (43%) 37 (50%) 0.876
Ascites, n (%) 3 2 6 0.233
Median CA 242 195 [1,766] 7 [2,798] 33.5[151] 0.004*
value [IQR]

CA 242

>20 U/ml 27 (75%) 3 (43%) 45 (61%) 0.167
>45 U/ml 26 (72%) 3 (43%) 33 (44.5%) 0.021

#Mann—Whitney U test between those without GS and those with GS

level was 5 (IQR 19) U/ml in patients with GBC in contrast
to 4.5 (IQR 11) U/ml in patient with GS (p=0.486). The
sensitivity, specificity, PPV, and NPV of CA 19-9 were
found to be 17%, 67%, 70%, and 15%, respectively. A
ROC curve was plotted for CA 19-9, and the area under the
curve was 0.430 (p=NS).

Discussion

In our study, we have shown that CA 242 has a high
specificity and high positive predictive value in the
diagnosis of GBC and in differentiating malignant biliary
disease from benign biliary disease. Our study, on a fairly
large number of patients with GBC, has validated the role
of CA-242 in the diagnosis of GBC. We have also
compared its role in patients with GBC vis-a-vis gallstones
instead of healthy controls alone. This has importance for a
clinical standpoint as in clinical situations we have to
differentiate malignant from benign biliary diseases. We
also found that CA 242 had better characteristics as a
diagnostic test compared to CEA and CA 19-9.

There are no good established serum-based tumor
markers for GBC. However, there has been a need for a
good marker for various reasons. Establishing the diagnosis
of GBC has been traditionally by performing fine needle
aspiration cytology in patients suspected to have radiolog-
ical evidence of malignancy. However, this may result in
tumor seeding which may preclude curative radical resec-
tion, may be contraindicated, or consent may be refused for
such a procedure. Also, if a tumor marker establishes the
presence of malignancy preoperatively and estimates the
tumor burden, it would help the surgeons in planning
surgery. Radical surgery for GBC is being increasingly
performed in order to give better long-term survival to
patients [13]. After radical surgery, tumor marker would
have a role in following up patients for presence of residual
tumor or tumor recurrence as radical surgeries as radiolog-
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ical evaluation has poor predictability due to postoperative
changes. Also, after administering chemotherapy or radio-
therapy, tumor markers may have a role in assessing
response to therapy. It would be useful in planning of
management of patients with suspected malignant biliary
obstruction before invasive procedures such as endoscopic
cholangiography with brush cytology are attempted to
palliate or diagnose their condition.

The scenario for GBC has rapidly changed with
improving healthcare in high incidence areas for GBC,
increasing number of incidental cancers detected due to
wide availability of laparoscopic cholecystectomy, emerg-
ing chemotherapeutic options, and increasing interest in
radical surgeries [14—16]. Thus, there is now a felt need for
a good tumor marker which would aid in better patient
management.

None of the patients in the healthy control group had
values of CA 242 above the cutoff level (20 U/ml). The
highest value in patients with GS disease was <42 U/ml. In
a study by Rothlin et al., the mean CA 242 values among
10 patients with GS were 13.1+13.1 U/ml [6]. In that study,
the mean values of CA 242 of patients with pancreatic
cancer were as high as 4,360+£16,300 U/ml. Thus, raising
the existing cutoff of 20 to 45 U/ml would increase the
specificity further without significantly compromising the
sensitivity. This principle of increasing the cutoff to
increase the specificity at the cost of some loss of
sensitivity has been used for various tumor markers like
alpha-fetoprotein, CEA, CA 19-9, etc. [17].

Patients with GBC who had no associated GS were
different from the group with GS in terms of higher
positivity and higher levels of CA 242. The other
parameters, which could affect positivity, like the stage of
disease, age, gender, etc., were similar in both the groups.
This may possibly indicate that the tumor in the setting of
stones may be different from those without GS. In patients
with gallstones, recurrent mucosal inflammation, low grade
infection, and mucosal injury may play a key role in the
pathogenesis of GBC which may alter the mucosal cells in
a manner different than the cells in patients without
gallstones, possibly resulting in different expression of the
tumor antigens [18]. We did not find any correlation
between the levels of the tumor marker and the stage of
the disease. However, in pancreatic cancer and colorectal
cancer, CA 242 levels have been found to correlate with the
stage of the disease [5, 19]. This may be due to the fact that
we had predominantly patients with advanced disease and
thus comparison between early versus advanced disease
was not possible. A larger study, which includes more
patients with incidentally detected early cancer, would be
able to provide the answer.

One of the limitations in our study was that we had
limited number of patients with early stage of GBC. This is
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because patients with GBC in India tend to present late in
the course of illness due to lack of awareness, nonspecific
symptomatology at onset of disease, difficulty in accessing
medical care, and lack of any screening program for this
disease. We thus cannot comment on the relationship of
tumor marker levels and stage of the disease. Our study was
not age- and gender-matched as it was not a part of the
design. We did not find any influence of age or gender on
the CA 242 levels in all the three groups. Our patients in
the GBC group were older than the other two groups, as we
had not specifically matched for age the patients as per
design. Patients with GBC are usually older than patients
with GS at the time of presentation, which explains the
difference across the three groups [20]. The number of
healthy volunteers was few which is unlikely to affect the
overall results. Previous large studies on healthy volunteers
have already established that they have low levels of CA
242. The serum CEA and CA 19-9 could be performed
only in 42 patients with GBC and 9 patients with GS due to
certain technical problems. However, both these markers
performed poorly in contrast to CA 242, though the number
of patients evaluated was small.

To conclude, CA 242 is a promising tumor marker in
diagnosing GBC. We achieved a sensitivity of 64% and
specificity of 83% in detecting presence of GB cancer. As
there is no well-established tumor marker for this disease,
this marker holds promise. Raising the cutoff to 45 U/ml
may further increase the specificity of this test to 100%. CA
242 is useful in detecting presence of malignancy in
patients presenting with biliary symptoms. Further studies
are needed to validate our results. It would also be
worthwhile to study the role of CA 242 as a marker to
assess response to therapy.
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