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Abstract
Cancer antigen 125 (also known as carbohydrate antigen
125 or CA 125) is an antigen first identified by Bast et al.
Although much research has been done to understand the
molecular structure of CA 125, its function remains a source
of much speculation. At present, CA 125 is most commonly
used in the diagnosis of epithelial non-mucinous ovarian
cancers, and in monitoring their response to treatment.
Following surgical resection, CA 125 levels are expected to
half within 10 days and it is therefore a useful tool for
assessing response to treatment as well.
We present a case of incidental finding of rasied CA125,
followed by the literature review to discuss a better
understanding of the factors that lead to CA 125 production,
its mechanisms of action, and the nature and functions of
its subspecies may help in improving its use as a standalone
diagnostic tool.
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Introduction
Cancer antigen 125 (also known as carbohydrate antigen 125
or CA 125) is an antigen belonging to a family of high-molecularweight O-glycosylated proteins known as mucins. It is found on
cell surfaces and is the largest transmembrane mucin. It was first
identified by Bast, et al. who isolated the murine monoclonal
antibody OC125 that detects CA 125, so named because it was
the 125th antibody produced against the ovarian cancer cell line.
Since then, numerous other monoclonal antibodies have been
found that target CA125, though OC125 remains the best known
[1]. CA 125 is encoded by the MUC16 gene located on
chromosome 19 and is therefore also known as MUC16 [2].
Normal levels of CA 125 are considered to be <35 U/ml with
most commonly used assays [3].

Although much research has been done to understand the
molecular structure of CA 125, its functions remain a source of
much speculation. It is expressed in tissues derived from
embryonic coelomic epithelium such as endometrium, Mullerian
epithelium, peritoneum, pleura and pericardium [4]. Within
these epithelia, it is synthesized by mesothelial cells in response
to various stimuli, most notably mechanical stress and
inflammation [5,6]. It has been posited that CA 125 may play a
role in cell-mediated immune response (e.g., by suppressing the
response of Natural Killer cells) and in promoting attachment to
mesothelial cells by binding to mesothelin [7,8]. Interestingly,
several subspecies of CA 125 have been described, but it is yet
unclear whether these different subspecies are associated with
different physical conditions [8].
At present, CA 125 is most commonly used in the diagnosis of
epithelial non-mucinous ovarian cancers, and in monitoring their
response to treatment. It is elevated in most cases of epithelial
ovarian cancer, and particularly in those involving peritoneal
deposits, and is therefore used as an adjunct to Transvaginal
Ultrasonography (TVUSS) in the diagnosis of ovarian tumors.
However, its levels are normal in 50% of women with stage I
disease and in most women with occult cancers identified at
prophylactic surgery [9]. It is also not usually elevated in cases of
non-epithelial ovarian cancers. Following surgical resection, CA
125 levels are expected to half within 10 days and it is,
therefore, a useful tool for assessing response to treatment as
well [10]. Nevertheless, CA 125 has also repeatedly been shown
to be elevated in a multitude of other malignant and nonmalignant conditions, especially when there is an element of
serosal fluid involvement. Therefore, although it has relatively
good sensitivity, CA 125 lacks specificity and as such, is not
useful as a screening tool or a standalone measurement [11].

A case of falsely elevated CA 125
We recently encountered the case of a 55-year-old
premenopausal woman, who was referred to our Rapid Access
Gynae-Oncology Clinic with a raised CA 125 on two separate
occasions, measured three months apart (79 kU/l and 55 kU/L).
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Her past medical history was significant only for a
cholecystectomy and two previous vaginal deliveries. TVUSS was
unremarkable. An MRI revealed an enlarged multi fibroid uterus
with features suggestive of adenomyosis, as well as a 2.4 × 2.8
cm multiloculated T2 hyperintense lesion within the tail of the
pancreas. The ovaries appeared normal.
Further investigation of the pancreatic mass with pancreatic
MRI and endoscopic ultrasound suggested a well-circumscribed
mixed solid/cystic lesion arising from the tail of the pancreas,
measuring 4.5 × 3.7 cm (Figure 1). CA 199 was found to be
elevated (79 U/ml; normal range 0-27 kU/L). The note was also
made of two indeterminate sub-pleural lung nodules with a
maximal diameter of 6 mm. It was not possible to perform fine
needle aspiration of the pancreatic lesion due to the splenic
artery obstructing the access field. Following consultation with
an upper gastrointestinal specialist, the decision was made to
remove the lesion and the patient underwent partial
pancreatectomy and splenectomy. The lesion was found to be
benign on histology.
Despite the above intervention, her CA 125 levels continued
to be elevated with a fluctuating pattern, ranging from 78 kU/L
to 620 kU/L. Repeated TVUSS scans were unchanged with ongoing evidence of multiple fibroids and adenomyosis only
(Figure 2). Consistent with this, she noted a history of
menorrhagia and was found to have iron-deficiency anemia. No
further intervention was undertaken at this time.
Eighteen months after her surgery, she was admitted to
hospital with an acutely ischaemic left lower limb secondary to
occlusion of dorsalis pedis and posterior tibial artery. Extensive
investigations showed multiple small nodules in the lung bases
and fatty infiltration of the liver, but with no concerning cause
for the arterial thromboembolism. She was treated with
anticoagulation for a total of 8 months before switching to longterm aspirin. Further follow-up in the gynecology clinic showed
on-going elevated levels of CA 125 (241 kU/L, 339 kU/L, 177
kU/L) and stable ultrasonographic appearances.

Figure 2: Transvaginal ultrasound images of normal right and
left ovaries.

Raised CA 125 without ovarian cancer
Numerous studies have demonstrated alternative causes for
raised CA 125 levels, both physiological and pathological.
Johnson, et al. used data from a large cancer screening trial in
the United States to assess lifestyle factors that can increase CA
125 in a cohort of postmenopausal women [12]. They found
higher levels in women with a history of smoking, previous
breast cancer, and use of hormone replacement therapy,
although in most women these levels were still within the
normal range. Multiple studies have shown a more significant
rise in CA 125 levels in pregnancy [13,14]. Levels have also been
repeatedly demonstrated to fluctuate across the menstrual
cycle, with the highest levels seen during menstruation followed
by a progressive decline until the end of the cycle [15-17]. This
fluctuation is not seen in women who have undergone
hysterectomy with ovarian preservation [18], suggesting that
these cyclic changes are related to the endometrium. Indeed, in
vitro studies have shown that CA 125 is produced in higher
concentrations in endometrial stromal cells during the
proliferative and early secretory phases, indicating that
production of CA 125 by these cells is associated with estrogendominated cell growth and activity [19]. One theory is that,
during menstruation, the tissue-blood barrier is temporarily
weakened and therefore CA 125 from endometrial cells is
released into the bloodstream with a corresponding rise in its
serum levels [17,18]. Nevertheless, despite these cyclical
changes, CA 125 levels remain mostly within the normal range in
the vast majority of women.
Serum CA 125 levels have however been shown to rise
significantly above the normal range in several malignant
conditions. Elevated levels of the marker have been found in
malignancies of cervix, uterus, breast, lung and many
gastrointestinal tract organs including liver and pancreas [11].
Expression of CA 125 has also been shown to be high in vitro in
samples of pancreatic, oesophageal, colorectal and gastric
cancer tissues, but is absent in benign tissues from these same
organs [20].

Figure 1: T2 weighted MRI image of the abdomen, with
pancreatic lesion well circumscribed in white.
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Similarly, CA 125 has been consistently shown to be elevated
in a variety of benign conditions. These include gynecological
pathologies such as endometriosis, pelvic inflammatory disease
[14], and ovarian hyperstimulation syndrome [21]. Several nongynecological conditions have also been shown to be associated
with significantly raised CA 125 levels, including liver cirrhosis
[22-24]; lung diseases such as tuberculosis and interstitial lung
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disease [25]; and heart diseases such as heart failure, atrial
fibrillation and pericardial disease [6,26,27]. Interestingly, in
patients with heart disease, CA 125 appears to be a good
candidate for a risk stratification marker as particularly high
levels have been shown to be associated with a high risk of rehospitalization and death [6]. In both the benign and malignant
conditions mentioned above, the actual level of CA 125 can
reach into the hundreds (U/ml). However, one possible
differentiating factor is that levels in malignancy tend to
progressively rise with time, whereas in benign conditions they
display a more stable pattern, which may fluctuate with disease
severity [11].

Production of CA 125 in response to stress
To better understand why CA 125 is raised in such a diverse
range of conditions, it is crucial to first understand the
mechanisms that stimulate its production. The most popular
current theories suggest that CA 125 is synthesized by
mesothelial cells in response to stress, which can be either
mechanical stress caused by fluid overload, or inflammatory
stress instigated by the release of mediators such as TNFα and
interleukins [5,6].
Numerous studies have demonstrated that CA 125 elevation is
closely linked to the presence of fluid overload in serosal spaces,
regardless of its etiology. Huang, et al. looked at patients with
pulmonary edema, with or without evidence of associated
Chronic Heart Failure (CHF) [26]. They found that CA 125 levels
were higher in all patients with pleural effusion, regardless of
whether this was secondary to CHF or not. Interestingly, they
also found a moderate correlation between raised CA125 levels
and decreasing albumin, which is also associated with fluid
overload. Similar findings have been shown in patients with
ascites, where CA 125 levels were elevated both in association
with benign conditions such as liver cirrhosis [23] and
malignancies such as digestive tract tumors [24].
In a study that included a more varied selection of conditions,
Topalak, et al. [22] assessed patients with both gynecological
and non-gynecological diseases, including hepatic disease, lung
cancer, and non-gynecological peritoneal carcinomatosis.
Patients were divided into those with and those without
features of peritoneal or pleural effusion. They again noted that
raised CA 125 was seen in multiple conditions other than
ovarian cancer, and this was particularly the case when effusions
were present. In these latter cases, CA 125 levels could reach
>300 U/ml. However, the highest levels were still seen in
patients with ovarian cancer and resultant ascites, where there
was also a positive correlation between the amount of ascites
and CA 125 level. These findings suggest that CA 125 is not of
tumor origin, but is instead released by mesothelial cells as a
response to the mechanical stretch caused by fluid
accumulation. It is therefore not a tumor marker per se. Indeed,
measurements of CA 125 in the ascetic fluid have been shown to
be correlated with, but much higher than, levels in serum,
suggesting that it originates in ascetic fluid rather than in
cancerous tissue, from whence it spreads into the bloodstream
[24]. In vitro studies have demonstrated that mechanical stretch
© Under License of Creative Commons Attribution 3.0 License
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of mesothelial cells causes upregulation of the MUC16 gene,
lending further support to this theory [26].
Other evidence suggests that CA 125 may also be released in
response to inflammatory stress, which would explain its
elevation in cases where there is no evidence of serosal effusion
[6]. For example, in patients with heart failure, CA 125 levels can
be elevated even when the condition is well controlled and
there is no evidence of pulmonary or peripheral edema [7]. High
levels have also been found in a case of subhepatic abscess [28],
again highlighting the possible role of inflammation in
stimulating CA 125 release. Indeed, in vitro studies have
demonstrated secretion of CA 125 in response to stimulation
with TNFα and interleukins [7].

Cases of falsely elevated CA 125
Given its lack of specificity, the value of an isolated finding of
elevated CA 125 levels without additional evidence of abnormal
pathology remains dubious. In fact, several cases have been
described of abnormally high values with no clinical abnormality,
despite thorough assessment.
Watt, et al. investigated the case of a 41-year-old woman with
a persistently raised CA 125 of greater than 300 U/ml (using the
Abbott MEIA assay) [29]. However, when levels were tested with
a different assay (IRMA), they were within the normal range. In
vitro studies suggested that the false positive results were due
to the interaction of the animal sera used in the MEIA assay with
the patient’s own antibodies, which may have cross-reacted
with the assay as the patient was a veterinarian and therefore
frequently exposed to animals. Interestingly though, she
underwent a total hysterectomy and bilateral salpingooophorectomy for a finding of a simple right ovarian cyst, and
although histology confirmed benign appearances, CA 125
returned to normal levels with the MEIA assay post-operativelya finding the authors were unable to explain. Nevertheless, it
has also been shown that the presence of anti-mouse antibodies
in a patient’s serum can cause false positive results in some
assays [30].
Hosono, et al. investigated five women with significantly
raised CA 125 levels, ranging from 193 to 5461 U/ml, who were
all clinically well with unremarkable scans [31]. They found that
the antigenic nature of the CA 125 present in these women’s
sera differed from that found in women with ovarian cancer as it
lacked the CA 130 epitope. CA 130 is an epitope found on the
same antigen molecule as CA 125, and the two are usually
closely correlated. The possibility, therefore, arises that there
are different antigen molecules containing CA 125 which may be
associated with different functions and therefore diseases.

CA 125 in pancreatic cancer
In the case of our patient described above, the pancreatic
mass that was removed was found to be benign on histology and
it may well be argued that the surgical intervention was
unnecessary or excessive. However, evidence exists of an
association between raised CA 125 levels and pancreatic cancer,
although it is rarely used as a biomarker for this type of
malignancy in practice due to its lack of sensitivity and specificity
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[32]. Studies looking at the expression of MUC16 in pancreatic
tissue samples show that it is upregulated in the majority of
ductal adenocarcinomas and high-grade pre-malignant
dysplasias (pancreatic intraepithelial neoplasias), but absent in
healthy pancreatic cells [20,33]. Its expression also increases
progressively with advancing cancer grade. Moreover, there is an
association between more diffuse MUC16 expression in tissue
and worse patient outcome, defined as shorter survival time
following diagnosis [20].
The difficulty with these in vitro studies is that they look at
the expression of CA 125 in tissues, and it is not clear whether
these levels would be reflected in serum measurements. Studies
looking at its expression in serum indicate that high levels are
seen in only 45-63% of patients with pancreatic cancer [20,34].
Nevertheless, pancreatic cancer is notorious for its poor survival
rates with a 5-year survival of only 6% [35], and therefore one
could argue that the combination of raised CA 125 levels and a
pancreatic mass could be deemed suspicious enough to justify
surgical intervention.

CA 125 in endometriosis
Of possible relevance to our case report, with a history of
menorrhagia and radiological evidence of adenomyosis,
numerous studies have demonstrated a link between raised CA
125 levels and endometriosis [36-38]. CA 125 levels are
significantly higher in patients with endometriosis stage II or
above when compared with healthy controls, and can reach into
the hundreds of units/ml [19]. Levels have also been shown to
increase with disease severity and may be predictive of
significant pelvic adhesions in these patients [37]. Furthermore,
despite being raised above normal limits, CA 125 levels in
patients with endometriosis show similar changes across the
menstrual cycle to healthy controls [38].

Conclusion
Overall, it is clear from the evidence detailed here that
isolated elevated levels of CA 125 with no other clinical or
radiological evidence of significant pathology are neither
sensitive nor specific enough to warrant immediate concern or
justify invasive treatment. In our case, the fluctuating CA 125
levels are more suggestive of a benign pathology or may possibly
be insignificant altogether. Possible further investigations in such
a case may be testing for different antigenic determinants (e.g.,
CA130) to identify whether the abnormally high levels are
secondary to a CA 125 molecule of different antigenic nature.
Another option would be to monitor CA 125 levels in relation to
the menstrual cycle, as it is possible that the raised levels are
secondary to adenomyosis and/or endometriosis, and typical
cyclical variation would support this hypothesis. However, such
investigations would be more academic than clinical and we
argue that the best option would be to minimize invasive
procedures unless a clear indication arises, and instead adopt a
“watchful wait” approach with minimally invasive monitoring.
In conclusion, we suggest that CA 125 should not be
performed as an isolated test with no clear indication as it is
neither specific nor sensitive enough to lead to a diagnosis on its
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own. It should not, therefore, be used as a screening tool, as
appears to have been the case in our patient. When used in this
manner, it can result in unnecessary investigations and invasive
treatments and can lead to significant anxiety for the patient. A
better understanding of the factors that lead to CA 125
production, its mechanisms of action, and the nature and
functions of its subspecies may help in improving its use as a
standalone diagnostic tool, but at present, our knowledge of this
molecule remains insufficient for this purpose.
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