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Introduction

Pancreatic cancer is one of the most lethal malignancies
affecting mankind. At the time of diagnosis, only 20% of
patients are considered eligible for surgery and approxi-
mately one half of these patients undergo successful
resection. For patients with locally advanced or metastatic
disease, the median survival time is less than 1 year.!'
Thus, it is crucial to diagnose or detect the recurrence of
pancreatic cancer at its early stage. Serum or tissue tumor
markers have been proposed for use in clinical practice
in order to predict prognosis, monitor response to treat-
ment, and help detect recurrence. Among such markers,
carbohydrate antigen 19-9 (CA 19-9) is the most widely
investigated. However, because CA 19-9 may be an
imprecise or insufficient indicator of disease progression,
treatment decisions should not be based solely on an
increase of CA 19-9 levels. Here we present a case of a
patient whose fluctuating levels of CA 19-9 did not reflect
recurrent pancreatic malignancy.

Case Report

A 58-year-old white man was admitted for evaluation of
painless jaundice and weight loss. Although no obvious
mass was detected on computed tomography (CT) scan,
endoscopic retrograde cholangiopancreatography (ERCP)
brush cytology revealed malignant pancreatic ductal
cells. Pathology results following a Whipple procedure
confirmed a stage I pancreatic head adenocarcinoma in a
tumor less than 2 cm in diameter. Preoperative CA 19-9
of 120 U/mL decreased to 89 U/mL postoperatively.
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The patient received adjuvant concurrent 5-fluo-
(5-FU)-based chemoradiation followed by
sequential maintenance capecitabine (Xeloda, Hofl-
mann-La Roche). CA 19-9 levels initially decreased to
40 U/mL, but gradually rose to 100 U/mL. Treatment
with gemcitabine (Gemzar, Eli Lilly) was initiated,
which resulted in normalized levels of CA 19-9. Since
the original diagnosis, the patient had fluctuating
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CA 19-9 levels with no significant clinical symptoms and
negative staging positron emission tomography (PET)
and CT scans. Aggressive chemotherapy with erlotinib
(Tarceva, Genentech/Roche) was administered to prevent
biochemical relapse of CA 19-9 and the development of
metastasis. The patient was recently admitted for melena
and anemia. Upper endoscopy showed a bleeding peptic
ulcer at the anastomotic site and elevated CA 19-9 levels
at 100 U/mL. He was started on a proton pump inhibitor
for the treatment of the peptic ulcer, which resulted in a
dramatic reduction of his CA 19-9 levels.

Discussion

Clinical Significance and Limitations of CA 19-9
CA 19-9 is a tumor-associated antigen that was first
described in the early 1980s.>° A large literature review of
24 pancreatic cancer studies in 1990 by Steinberg and asso-
ciates showed that when using 37 kU/L as a cutoff point,
CA 19-9 was reported to have a median sensitivity of 81%
and specificity of 90%, whereas increasing the cutoff point
to 100 kU/L improved specificity to 98% but reduced
sensitivity to 68%.”

Physicians must be careful when using CA 19-9 as
a diagnostic aid for pancreatic cancer. CA 19-9 exists as
an epitope of sialylated Lewis A blood group antigen and
it is not expressed in subjects with Lewis 0.-- genotype,
which accounts for approximately 5-10% of the Cau-
casian population.®” CA 19-9 is increased in multiple

Clinical Advances in Hematology & Oncology Volume 11, Issue 1 January 2013



THE VALUE OF CA 19-9 AS A MARKER IN PANCREATIC CANCER

gastrointestinal cancers, but elevated levels are also found
in benign diseases, including peptic ulcers, chronic and
acute pancreatitis, cirrhosis, cholangitis, and obstructive
jaundice.!”"® In patients with cholangitis and obstruc-
tive jaundice, it is recommended to recheck CA 19-9
levels after treatment, as levels usually decline after biliary
decompression.’? CA 19-9 lacks the sensitivity for detect-
ing early pancreatic cancer and is elevated in only 50%
of pancreatic adenocarcinomas less than 3 c¢m in size.
Poorly-differentiated pancreatic cancer also appears to
produce less CA 19-9 than moderately- or well-differen-
tiated cancers.”

Predictive and Prognostic Value of CA 19-9
CA 19-9 is not accurate enough to be used in screening
asymptomatic patients for pancreatic cancer. Large stud-
ies have been performed in Japan and Korea that assessed
the usefulness of CA 19-9 in diagnosing pancreatic can-
cers. A mass screening carried out in Japan in the 1980s
of 10,162 asymptomatic subjects resulted in detection of
only 4 cases of pancreatic cancer.'* Screening of 4,506
symptomatic patients found 85 cases (2%), of which 28
were resected (32%)."° A similar study in Korea involving
the screening of 70,940 asymptomatic subjects detected
only 4 patients with pancreatic cancer.'® Therefore, CA
19-9 is not recommended to be used as a screening test for
pancreatic cancer, particularly in asymptomatic patients.
CA 19-9 levels were assessed for potential use in deter-
mining the antitumor activity of treatment. In a study by
Micke and colleagues that sought to determine the predic-
tive value of CA 19-9 in locally advanced pancreatic cancer
patients treated with the combination of radiation and
5-FU, CA 19-9 was measured before and during therapy."”
Patients who had a treatment-related decline in CA 19-9
levels exhibited prolonged median survival. In a multivari-
ate analysis, a decrease of CA 19-9 during chemotherapy
was found to be an independent prognostic factor regarding
survival.”” Multiple studies have reported that responders
whose CA 19-9 levels were reduced by more than 50% of
pretreatment baseline levels have a longer median survival
when compared to CA 19-9 nonresponders.'® Okusaka and
coworkers found that in patients receiving chemotherapy
and radiotherapy for locally advanced pancreatic cancer,
the CA 19-9 responders had a longer median survival of
10.6 months compared to 4.1 months in nonresponders."
In metastatic pancreatic cancer patients, Ishii and associ-
ates reported longer median survival times in CA 19-9
responders than in nonresponders (141 days vs 88 days).
The relative risk of cancer death in CA 19-9 responders ver-
sus nonresponders was 0.47 (95% confidence interval [CI],
0.21-1.05).% A study of 87 patients in 2003 by Stemmler
and colleagues showed that among patients who received
combination chemotherapy with gemcitabine and cispla-

tin, CA 19-9 responders survived significantly longer than
CA 19-9 nonresponders (295 days vs 174 days; P=.022).”!

Postoperative surveillance studies have shown that
serial determination of CA 19-9 can detect recurrence
or metastasis of pancreatic cancer several months before
finding clinical or radiologic evidence of disease.”? In
a phase II trial evaluating the efficacy of combined iri-
notecan and gemcitabine in the treatment of advanced
pancreatic cancer, a significant correlation (P<.001) was
found between the proportional changes in CA 19-9 and
radiologic changes of the tumor with regard to extent of
change (r=.67), and also a strong correlation (P<.001)
between CA 19-9 progression and time to disease pro-
gression (r=0.89), with CA 19-9 progression preceding
radiographic progression in most of the patients.” In a
subsequent phase III study, although the overall diag-
nostic accuracy of CA 19-9 values in the predication of
tumor response and tumor progression from radiologic
evaluation was low (57.6% and 59%, respectively), a less
than 50% decline in CA 19-9 values was predictive of a
lack of response as determined by Response Evaluation
Criteria In Solid Tumors (RECIST) criteria, with a nega-
tive predictive value of 94.8%. In addition, progression of
CA 19-9 values was predictive of disease progression, with
a positive predicted value of 82.8%.%

Current Recommendations For the Use of CA 19-9 in
Pancreatic Cancer

Although multiple studies have demonstrated the prog-
nostic value of CA 19-9 in monitoring response to treat-
ment, changing treatment based solely on rising CA 19-9
levels is not recommended. According to the American
Society of Clinical Oncology (ASCO) guidelines for
the use of CA 19-9 as a marker for pancreatic cancer,”
CA 19-9 measurements by themselves cannot provide
definite evidence of disease recurrence without confir-
mation by imaging for clinical findings and/or biopsy.
CA 19-9, however, can be measured every 1-3 months
during active treatment. A rise in serial CA 19-9 levels
may indicate disease progression, and confirmation of
progression should be established with additional testing.

Conclusions

CA 19-9 has been the most widely used tumor
marker in pancreatic cancer. Certain limitations of
CA 19-9, such as elevated levels in benign jaundice, pan-
creatitis, ovarian cancer, or other gastrointestinal malig-
nancies, have made it unfavorable as a screening test. The
rising CA 19-9 levels in patients under observation or in
those receiving active therapy could be an indicator of
disease recurrence, progression, and ineffectiveness of the
current regimen, and may be correlated with shorter sur-
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vival time. However, the value of initiating therapy based
on rising CA 19-9 levels remains to be demonstrated.
Decisions to initiate or change chemotherapy should not
be made before seeking additional confirmative tests.

Our patient, who presented with serial rising of
CA 19-9 but had no clinical symptoms or positive image
findings, was treated aggressively with different chemo-
therapy regimens. This is not recommended based on
current guidelines, which state that CA 19-9 alone is
not sufficient to indicate progression of disease. In addi-
tion, the magnitude of change in CA 19-9 levels that is
considered clinically significant has not yet been deter-
mined. Interestingly, when our patient received adequate
treatment for peptic ulcers, his CA 19-9 levels decreased
dramatically. Thus, clinicians should always be mindful
of the limitations when interpreting the significance of
a rising CA 19-9. Chemotherapy should not be initiated
without definitive evidence of disease recurrence.
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Discussion

Wu and colleagues describe an interesting case of a
58-year-old white man with stage I pancreatic head
adenocarcinoma whose fluctuating carbohydrate antigen
19-9 (CA 19-9) levels did not reflect recurrent pancreatic
malignancy.! The CA 19-9 level of the patient decreased
from 120 U/mL pre-operation to 89 U/mL after resec-
tion. Upon receiving chemotherapy, his CA 19-9 level
was fluctuating without significant clinical symptoms.
He was later diagnosed with melena and anemia associ-
ated with elevated CA 19-9 levels, which were reduced
by treatment with a proton pump inhibitor. The authors
suggest that physicians must be cautious when using CA
19-9 as a diagnostic aid for pancreatic cancer, and that
making treatment decisions based solely on a rising CA
19-9 is not recommended.

Indeed, the case of Wu and colleagues is another
example that CA 19-9 should not be the only indicator
for diagnosing pancreatic cancer.>® Pancreatic cancer is
one of the leading causes of cancer-related death, with a
5-year survival rate of only 4-6%.%* This poor prognosis
is attributable to late stage presentation, lack of effective
treatments, early recurrence, and the absence of clini-
cally useful biomarkers that can detect precursor forms
or the earliest stages of disease. Thus, revisiting CA 19-9
to further study its value as a marker for pancreatic can-
cer is worthwhile.

CA 19-9 is also known to be a sialylated Lewis®
blood group antigen with the sequence NeuNAco2-
3GalB1-3Glc [4-Fucol] NAcPI-3GalBl-4Glc.>® It was

originally isolated from the colorectal carcinoma cell line

Address correspondence to:
Erxi Wu, PhD, Department of Pharmaceutical Sciences, North Dakota State Univer-
sity, 203 Sudro Hall, Fargo, ND 58108-6050; Phone: 701-231-7250; Fax: 701-231-

SW1116 using the mouse monoclonal antibody 1116-
NS-19-9 in 1979.%%'° This molecule was first identified

611 and was later found

as a component of a ganglioside
to also be a component of glycoproteins'? and mucins."
The concentration of CA 19-9 can be quantitatively
determined by a CA 19-9 enzyme-linked immunosorbent
assay (ELISA), which measures the CA 19-9 antigen on
many different carrier proteins.'*'¢ Elevated levels (37
U/mL) of CA 19-9 have been associated with gastrointes-
17-20 and

is considered to be one of the most favorable biomarkers

tinal carcinomas, particularly in pancreatic cancer,

for the management of pancreatic cancer.'* It is the only
biomarker related to pancreatic cancer for which US Food
and Drug Administration (FDA)-cleared diagnostics exist.
An ideal tumor marker should be specific to a given
tumor type and highly sensitive in order to refrain from
a false positive diagnosis.?**” However, CA 19-9 does not
appear to fit these criteria due to its inadequate sensitiv-
ity,>*% false negative results in the Lewis blood type
negative (Le*™) population,”*® and high false-positive
results induced by obstructive jaundice (10-60%).2"3!
The major limitation of CA 19-9 is that it may be mark-
edly elevated in patients with other malignancies such
as colorectal, liver, breast, and lung cancers, as well as
nonmalignant diseases such as obstructive jaundice, pan-
creatitis, cirrhosis, and lung disorders.>>!$2*3234 Previous
reports have detected as much as 1,000-6,000 U/mL
of CA 19-9 in cholangitis patients.>* Since CA 19-9
serum levels alone cannot distinguish between benign,
precursor lesions, and malignant pancreatic and biliary
tract conditions, the American Society of Clinical Oncol-
ogy (ASCO) claimed the specificity and sensitivity of
CA 19-9 alone is inadequate for a reliable diagnosis in
pancreatic cancer.®” Interestingly, it has been reported by
Howaizi and coworkers® that markedly elevated CA 19-9
levels can also be associated with heavy tea consumption,
which is another factor to be taken into account when
using CA 19-9. Due to the aforementioned limitations,
the National Academy of Clinical Biochemistry (NACB)
highly recommended that the diagnosis of pancreatic can-
cer by elevated CA 19-9 be applied in conjunction with
combined examination approaches, such as computed
tomography (CT) or endoscopic ultrasound (EUS).%
Our recent review? and other literature have indicated
that it is necessary to perform in-depth investigations of
CA 19-9 and to make use of its value as a marker for
pathological conditions, especially for pancreatic cancer.
The current case reported by Wu and colleagues supports
the notion that possible false positive/negative results limit
the universal application of CA 19-9 in the prognosis of
pancreatic cancer. Future efforts should focus on estab-
lishing genotype-based reference intervals of CA 19-9

measurement® and on the simultaneous detection of CA
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19-9 and its specific carriers in order to improve the clini-
cal performance of CA 19-9. As previously mentioned,
the CA 19-9 epitope sialylated lacto-N-fucopentaose 11
can be linked to different carriers, including ganglioside,
glycoproteins, and mucins. It has been shown that mucins
carry CA 19-9 in patients with pancreatic or gastrointes-
tinal tumors.'> CA 19-9-bearing mucins are physiological
exocrine pancreatic secretion products that accumulate in
the blood of pancreatic cancer patients.””* The currently
used CA 19-9 clinical assay measures the CA 19-9 anti-
gen without distinguishing its potentially different carri-
ers.”*> However, it is possible that the carrier proteins of
the CA 19-9 antigen are different between disease states,
as suggested by several recently published studies.*¢ In
this case, the detection of the CA 19-9 antigen on particu-
lar carrier proteins may yield improved discrimination of
the disease states, in comparison to measurements of total
CA 19-9. Using such an approach, Yue and colleagues
demonstrated enhanced discrimination of malignant
versus benign pancreatic disease.”* In order to optimize
the CA 19-9 assay and to develop approaches to further
improve cancer detection, it is important to understand
the specificity differences between CA 19-9 antibodies
and the consequential effect on biomarker performance.
In addition to CA 19-9, combining other tumor mark-
ers (eg, PAM4,7 DU-PAN-2,%% and K-ras*>%) with
CT or EUS may increase sensitivity and specificity,”
although more research efforts are needed. The combina-
tion of CA 19-9 with K-rzs mutational analysis remains

controversial %%

Acknowledgment

We wish to extend our thanks to Dr. Fengfei Wang (North
Dakota State University) for her thoughtful discussion. Erxi
Wu, PhD, has received a project grant from the National
Center for Research Resources (NCRR; P20 RR020151) and
the National Institute of General Medical Sciences (NIGMS;
P20 GM103505) from the National Institutes of Health
(NIH). The contents of this report are solely the responsibility
of the authors and do not necessarily reflect the official views
of the NIH, NCRR, or NIGMS. Shuang Zhou, BS, has
received a PhD fellowship from the Department of Pharma-
ceutical Sciences, North Dakota State University.

References

1. Wu Z, Kuntz A, Wadleigh RG. CA 19-9 tumor marker: is it reliable?
A case report in a patient with pancreatic cancer. Clin Adv Hematol Oncol.
2013;11:50-52.

2. Bhat K, Wang E Ma Q, et al. Advances in biomarker research for pancreatic
cancer. Curr Pharm Des. 2012;18:2439-2451.

3. Duffy M], Sturgeon C, Lamerz R, et al. Tumor markers in pancreatic can-
cer: a European Group on Tumor Markers (EGTM) status report. Ann Oncol.
2010;21:441-447.

4. Ellison LE, Wilkins K. An update on cancer survival. Health Rep. 2010;21:55-60.

5. Yeole BB, Kumar AV. Population-based survival from cancers having a poor
prognosis in Mumbai (Bombay), India. Asian Pac | Cancer Prev. 2004;5:175-182.
6. Magnani JL, Nilsson B, Brockhaus M, et al. A monoclonal antibody-defined
antigen associated with gastrointestinal cancer is a ganglioside containing sialylated
lacto-N-fucopentaose I1. J Biol Chem. 1982;257:14365-14369.

7. Orntoft TE Vestergaard EM, Holmes E, et al. Influence of Lewis alphal-3/4-
L-fucosyltransferase (FUT3) gene mutations on enzyme activity, erythrocyte
phenotyping, and circulating tumor marker sialyl-Lewis a levels. / Biol Chem.
1996;271:32260-32268.

8. Narimatsu H, Iwasaki H, Nakayama F, et al. Lewis and secretor gene dosages
affect CA19-9 and DU-PAN-2 serum levels in normal individuals and colorectal
cancer patients. Cancer Res. 1998;58:512-518.

9. Koprowski H, Steplewski Z, Mitchell K, Herlyn M, Herlyn D, Fuhrer P.
Colorectal carcinoma antigens detected by hybridoma antibodies. Somatic Cell
Genet. 1979;5:957-971.

10. Ugorski M, Laskowska A. Sialyl Lewis(a): a tumor-associated carbohydrate
antigen involved in adhesion and metastatic potential of cancer cells. Acta Biochim
Pol. 2002;49:303-311.

11. Magnani JL, Brockhaus M, Smith DE, et al. A monosialoganglioside is a mono-
clonal antibody-defined antigen of colon carcinoma. Science. 1981;212:55-56.

12. Uhlenbruck G, van Meensel-Maene U, Hanisch FG, Dienst C. Unexpected
occurrence of the Ca 19-9 tumor marker in normal human seminal plasma. Hoppe
Seylers Z Physiol Chem. 1984;365:613-617.

13. Magnani JL, Steplewski Z, Koprowski H, Ginsburg V. Identification of the
gastrointestinal and pancreatic cancer-associated antigen detected by monoclonal
antibody 19-9 in the sera of patients as a mucin. Cancer Res. 1983;43:5489-5492.
14. Balasenthil S, Chen N, Lott ST, et al. A migration signature and plasma bio-
marker panel for pancreatic adenocarcinoma. Cancer Prev Res. 2011;4:137-149.
15. Kalthoff H, Kreiker C, Schmiegel WH, Greten H, Thiele HG. Character-
ization of CA 19-9 bearing mucins as physiological exocrine pancreatic secretion
products. Cancer Res. 1986;46:3605-3607.

16. Yue T, Goldstein IJ, Hollingsworth MA, Kaul K, Brand RE, Haab BB. The preva-
lence and nature of glycan alterations on specific proteins in pancreatic cancer patients
revealed using antibody-lectin sandwich arrays. Mol Cell Proteomics. 2009;8:1697-1707.
17. Tempero MA, Uchida E, Takasaki H, Burnett DA, Steplewski Z, Pour PM.
Relationship of carbohydrate antigen 19-9 and Lewis antigens in pancreatic cancer.
Cancer Res. 1987;47:5501-5503.

18. Ritts RE Jr, Del Villano BC, Go VL, Herberman RB, Klug TL, Zurawski VR
Jr. Initial clinical evaluation of an immunoradiometric assay for CA 19-9 using the
NCI serum bank. /nt | Cancer. 1984;33:339-345.

19. Satake K, Kanazawa G, Kho I, Chung YS, Umeyama K. A clinical evalua-
tion of carbohydrate antigen 19-9 and carcinoembryonic antigen in patients with
pancreatic carcinoma. J Surg Oncol. 1985;29:15-21.

20. Safi F, Beger HG, Bittner R, Buchler M, Krautzberger W. CA 19-9 and pan-
creatic adenocarcinoma. Cancer. 1986;57:779-783.

21. Steinberg W. The clinical utility of the CA 19-9 tumor-associated antigen. Am
] Gastroenterol. 1990;85:350-355.

22. Boeck S, Stieber P, Holdenrieder S, Wilkowski R, Heinemann V. Prognostic
and therapeutic significance of carbohydrate antigen 19-9 as tumor marker in
patients with pancreatic cancer. Oncology. 2006;70:255-264.

23. Sperti C, Pasquali C, Catalini S, et al. CA 19-9 as a prognostic index after
resection for pancreatic cancer. / Surg Oncol. 1993;52:137-141.

24. Harta S, Sakamoto Y, Yamamoto Y, et al. Prognostic impact of postoperative
serum CA 19-9 levels in patients with resectable pancreatic cancer. Ann Surg Oncol.
2012;19:636-641.

25. Ballehaninna UK, Chamberlain RS. The clinical utility of serum CA 19-9
in the diagnosis, prognosis and management of pancreatic adenocarcinoma: an
evidence based appraisal. / Gastrointest Oncol. 2012;3:105-119.

26. Pepe MS, Etzioni R, Feng Z, et al. Phases of biomarker development for early
detection of cancer. J Natl Cancer Inst. 2001;93:1054-1061.

27. Feng Z. Classification versus association models: should the same methods
apply? Scand ] Clin Lab Invest Suppl. 2010;242:53-58.

28. Ritts RE, Pitt HA. CA 19-9 in pancreatic cancer. Surg Oncol Clin N Am.
1998;7:93-101.

29. Goonetilleke KS, Siriwardena AK. Systematic review of carbohydrate antigen
(CA 19-9) as a biochemical marker in the diagnosis of pancreatic cancer. Eur ] Surg
Oncol. 32007;3:266-270.

30. Kannagi R. Carbohydrate antigen sialyl Lewis a—its pathophysiological sig-
nificance and induction mechanism in cancer progression. Chang Gung Med .
2007;30:189-209.

Clinical Advances in Hematology & Oncology Volume 11, Issue 1 January 2013



THE VALUE OF CA 19-9 AS A MARKER IN PANCREATIC CANCER

31. Duraker N, Hot S, Polat Y, Hobek A, Gencler N, Urhan N. CEA, CA 19-9,
and CA 125 in the differential diagnosis of benign and malignant pancreatic dis-
eases with or without jaundice. / Surg Oncol. 2007;95:142-147.

32. Frebourg T, Bercoff E, Manchon N, et al. The evaluation of CA 19-9 anti-
gen level in the early detection of pancreatic cancer. A prospective study of 866
patients. Cancer. 1988;62:2287-2290.

33. Pavai S, Yap SE The clinical significance of elevated levels of serum CA 19-9.
Med ] Malaysia. 2003;58:667-672.

34. Duffy MJ. CA 19-9 as a marker for gastrointestinal cancers: a review. Ann Clin
Biochem. 1998; 35(Pt 3):364-370.

35. Albert MB, Steinberg WM, Henry JP. Elevated serum levels of tumor marker
CA19-9 in acute cholangitis. Dig Dis Sci. 1988;33:1223-1225.

36. Murohisa T, Sugaya H, Tetsuka I, Suzuki T, Harada T. A case of common
bile duct stone with cholangitis presenting an extraordinarily high serum CA19-9
value. Intern Med. 1992;31:516-520.

37. Locker GY, Hamilton S, Harris J, et al. ASCO 2006 update of recommen-
dations for the use of tumor markers in gastrointestinal cancer. / Clin Oncol.
2006;24:5313-5327.

38. Howaizi M, Abboura M, Krespine C, Sbai-Idrissi MS, Marty O, Djabbari-Sobhani
M. A new cause for CA19.9 elevation: heavy tea consumption. Guz. 2003;52:913-914.
39. www.aacc.org. Goggins M, Koopmann J, Yang D, Canto MI, Hruban RH.
National Academy of Clinical Biochemistry (NACB) guidelines for the use of
tumor markers in pancreatic ductal adenocarcinoma. http://www.aacc.org/sitecol-
lectiondocuments/nacb/Impg/tumor/chp3i_pancreatic.pdf. Accessed December
28,2012.

40. Vestergaard EM, Hein HO, Meyer H, et al. Reference values and biological
variation for tumor marker CA 19-9 in serum for different Lewis and secretor
genotypes and evaluation of secretor and Lewis genotyping in a Caucasian popula-
tion. Clin Chem. 1999;45:54-61.

41. Schmiegel WH, Kreiker C, Eber] W, et al. Monoclonal antibody defines CA
19-9 in pancreatic juices and sera. Guz. 1985;26:456-460.

42. Jiang JT, Wu CP, Deng HE, et al. Serum level of TSGE, CA242 and CA19-9 in
pancreatic cancer. World | Gastroenterol. 2004;10:1675-1677.

43. Yue T, Partyka K, Maupin KA, et al. Identification of blood-protein carriers
of the CA 19-9 antigen and characterization of prevalence in pancreatic diseases.
Proteomics. 2011;11:3665-3674.

44. Hollingsworth MA, Swanson BJ. Mucins in cancer: protection and control of
the cell surface. Nat Rev Cancer. 2004;4:45-60.

45. Yue T, Maupin KA, Fallon B, et al. Enhanced discrimination of malignant
from benign pancreatic disease by measuring the CA 19-9 antigen on specific
protein carriers. PloS One. 2011;6:¢29180.

46. Chauhan SC, Ebeling MC, Maher DM, et al. MUC13 mucin augments pan-
creatic tumorigenesis. Mol Cancer Ther. 2012;11:24-33.

47. Gold DV, Gaedcke J, Ghadimi BM, et al. PAM4 enzyme immunoassay alone
and in combination with CA 19-9 for the detection of pancreatic adenocarcinoma.
Cancer. 2012 Aug 16. doi: 10.1002/cncr.27762. [Epub ahead of print]

48. Takasaki H, Uchida E, Tempero MA, Burnett DA, Metzgar RS, Pour PM.
Correlative study on expression of CA 19-9 and DU-PAN-2 in tumor tissue and in
serum of pancreatic cancer patients. Cancer Res. 1988;48:1435-1438.

49. Kawa S, Oguchi H, Kobayashi T, et al. Elevated serum levels of Dupan-2 in
pancreatic cancer patients negative for Lewis blood group phenotype. Br J Cancer.
1991;64:899-902.

50. Parker LA, Lumbreras B, Lopez T, Hernandez-Aguado I, Porta M. How use-
ful is it clinically to analyse the K-ras mutational status for the diagnosis of exo-
crine pancreatic cancer? A systematic review and meta-analysis. Eur J Clin Invest.
2001;41:793-805.

51. Parker LA, Porta M, Lumbreras B, et al. Clinical validity of detecting K-ras
mutations for the diagnosis of exocrine pancreatic cancer: a prospective study in a
clinically-relevant spectrum of patients. Eur J Epidemiol. 2011;26:229-236.

52. Dabritz J, Preston R, Hanfler J, Oettle H. Follow-up study of K-ras mutations
in the plasma of patients with pancreatic cancer: correlation with clinical features
and carbohydrate antigen 19-9. Pancreas. 2009;38:534-541.

53. Wu X, Lu XH, Xu T, et al. Evaluation of the diagnostic value of serum tumor
markers, and fecal k-ras and p53 gene mutations for pancreatic cancer. Chin J Dig
Dis. 200657:170-174.

54. Urgell E, Puig B, Boadas J, et al. Prospective evaluation of the contribu-
tion of K-ras mutational analysis and CA 19.9 measurement to cytological
diagnosis in patients with clinical suspicion of pancreatic cancer. Eur | Cancer.
2000;36:2069-2075.

55. Dabritz J, Preston R, Hanfler J, Oettle H. K-ras mutations in the plasma cor-
respond to computed tomographic findings in patients with pancreatic cancer.
Pancreas. 2012;41:323-325.

Clinical Advances in Hematology & Oncology Volume 11, Issue 1 January 2013 55



