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Serum carcinoembryonic antigen (CEA) and CA19-9, a carbohydrate
antigen recognized by the monoclonal antibody NS19-9, are
commonly used as classical tumor markers in colorectal cancer (CRC)
clinics. The roles of tumor markers include: (1) diagnostic screening
(diagnostic markers); (2) prediction of prognosis after treatment
(prognostic markers); and (3) judgment tools for treatment effect
(surveillance markers). Tumor markers can be evaluated in serum,
stools, or even in tissues depending on the clinical purpose. The
American Society for Clinical Oncology recommends that CEA is the
only marker of choice for monitoring the response of metastatic
disease to systemic therapy at present. In the present paper, we are
the first to review the clinical significance of the classical tumor
markers CEA and CA19-9 in serum, allowing for our original data,
and present our view on the newly emerging biomarkers in CRC.
Novel promising biomarkers for diagnostic, prognostic, and surveillance
purposes are reviewed and considered, some of which are anticipated
for further validation. For diagnostic markers, urine or serum
might replace fecal samples in the near future. On the other hand,
prognostic or predictive markers for treatment sensitivity may be
identified from the molecular profiles of primary cancer tissues.
Selection of patients who are sensitive to chemotherapy will reduce
the number of patients who undergo harmful chemotherapy with
no effectiveness. The optimal tumor markers would be generalized,
easy to assess, and accurate, and such markers are eagerly
anticipated to enable personalized tailored therapy for CRC patients.
(Cancer Sci 2009; 100: 195-199)

Colorectal cancer (CRC) is the second leading cause of
cancer-related death worldwide. Although current clinical
practice in colorectal cancer screening (fecal occult blood test
[FOBT] and colonoscopy) has contributed to a reduction in
mortality,"™ 70% of newly discovered CRC are detected at an
advanced stage (International Union Against cancer (UICC)
stage III/IV), presenting poor patient prognosis. The 5-year
survival rate of stage III CRC, which is defined as involving
lymph node metastasis, is known to be below 70%, whereas that
of stage I CRC is over 90% after resection® (Fig. 1). Thus, in
order to eradicate CRC death, early detection is most crucial, and
identification of diagnostic markers should be urgently developed.
Currently, serum tumor markers such as carcinoembryonic
antigen (CEA) and CA19-9, a carbohydrate antigen recognized
by the monoclonal antibody NS19-9, are commonly used in CRC
clinics; however, their clinical usefulness remains controversial
from diagnostic, prognostic, and surveillance points of view. As a
result, such biomarkers are considered as supplemental tools
to determine the therapeutic strategy against CRC. Recently,
sophisticated scientific technology has emerged, such as DNA
microarray” and proteomic techniques,®'" furthering the discovery
of novel biomarkers in CRC. In the present paper, we are the
first to review the clinical significance of the classical tumor
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markers CEA and CA19-9 in serum, allowing for our original
data, and present our view on the newly emerging biomarkers
in CRC.

Clinical significance of the classical tumor markers CEA and
CA19-9 in the serum of CRC patients

Serum CEA and CA19-9 are commonly used as classical tumor
markers in CRC patients. The roles of tumor markers include:
(1) diagnostic screening (diagnostic markers); (2) prediction of
prognosis after treatment (prognostic markers); and (3) judgment
tools for treatment effect (surveillance markers). Tumor markers
can be evaluated in serum, stools, or even in tissues, depending
on the purpose of the attending physicians. The American
Society for Clinical Oncology recommends that serum CEA
testing be ordered preoperatively if it would assist in staging and
surgical planning.!” Postoperative CEA levels should also be
assessed every 3 months for stage II and III disease for at least
3 years if the patient is a potential candidate for surgery or
chemotherapy of metastatic disease. CEA is the marker of
choice for monitoring the response of metastatic disease to
systemic therapy. However, data are insufficient to recommend
the routine use of other markers, including serum CA19-9, in
the management of patients with CRC.(?

Diagnostic significance of preoperative CEA and preoperative
CA19-9 in CRC. Ideal diagnostic markers must be characterized
by both high sensitivity and high specificity. Presently, prostate-
specific antigen (PSA) in prostate cancer is the most relevant
diagnostic marker approved by the Federal Drug Administration
(sensitivity of PSA, positive rate of disease is ~80%; specificity
of PSA, negative rate of non-disease is ~60%). In CRC patients,
preoperative CEA (preCEA) and preoperative CA19-9 (preCA19-
9) showed various degrees of sensitivity depending on the stage
of disease, whereas specificity was as high as ~90%. In our
institute between 1990 and 2001, the rates of CRC patients with
elevated preCEA levels were: stage 0, 5%; stage I, 10%; stage
II, 33%; stage IIIA, 33%; stage I1IB, 45%; and stage IV, 78%.
The corresponding rates of patients with elevated preCA19-9
levels were: stage 0, 5%; stage I, 4%; stage 11, 11%; stage IIIA,
10%; stage IIIB, 13%; and stage IV, 52%. The numbers of
patients examined at each stage were: stage 0, 13; stage I, 65;
stage II, 102; stage IIIA, 143; stage I1IB, 135; and stage IV, 192
(Fig. 2). Because most stage II CRC are potentially curable
(Fig. 1), the most beneficial diagnostic markers for screening
would be able to detect the disease at stage II or earlier. How-
ever, the sensitivities of both tumor markers are insufficient for
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Fig. 2. Positive rate of the preoperative serum tumor markers

carcinoembryonic antigen (CEA) and CA19-9 in colorectal carcinoma
according to stage. Stage classification is based on the Japanese
Classification of Colorectal Cancer.

stage II CRC (33 and 11%, respectively). These results indicate
that preCEA and preCA19-9 do not show satisfactory sensitivity
as screening (diagnostic) markers in CRC.

Prognostic significance of preCEA and preCA19-9 in CRC.
Even so, preCEA and preCA19-9 have been reported to be
promising prognostic markers in CRC, mostly for patients treated
before the 1990s. PreCEA was reported to be an important inde-
pendent variable in predicting prognostic outcome, especially in
stage III CRC,">"'® and it was even discussed whether it should
be included in the staging system;! however, there have been
few studies on its prognostic significance in more recent CRC
cases. In our institute’s data, preCEA was a potent prognostic
factor for stage III CRC patients who were treated through the
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1990s; however, its prognostic significance was eliminated in
the latest decade (2001-04)?” (Fig. 3a). As a result, we concluded
that preCEA has no significant role in predicting the prognosis
of stage III (Dukes C) CRC at present® where the result may
not involve a change of adjuvant chemotherapy. Although we do
not know the real reason why preCEA, frequently reported as a
significant prognostic factor in stage III CRC,"*'® is no longer
prognostically relevant in recent cases, we speculate that it
might involve recent diagnostic advancements and subsequent
changes in patient stage distribution. In any case, the absence of
prognostic relevance of preCEA in stage III uncovers the need
to identify novel prognostic markers for stage III CRC patients
for treatment decisions such as determination of adjuvant
chemotherapy.

On the other hand, preCA19-9 was proven to be useful in
predicting patient prognosis in stage IV CRC patients,?" but not
in other stages (data not shown), according to our institute’s
data. In this study,®” our multivariate analysis revealed that the
most dismal phenotype of CRC is exhibited when preCA19-9
(putatively immune), H factor (distant metastatic), and P factor
(local invasive capacity) are recognized in CRC patients (Fig. 4).
A previous report that included a multivariate prognostic analysis
also revealed that preCA19-9 is an independent prognostic factor
in stage IV CRC;* however, our multivariate analysis for the first
time examined all three tumor factors simultaneously to predict
patient prognosis in stage IV CRC. Recently, we further validated
this result in patients (20-75 years old with postoperative
chemotherapy; Yamashita K. et al., 2008), where preCA19-9 again
remained an excellent prognostic marker even in the latest set
(2001-04) of stage IV CRC patients (Fig. 3b). In the validation
study, both preCA19-9 and H factor were independent prognostic
factors in stage IV CRC, but P factor was eliminated, putatively
suggesting that chemotherapy is most effective to P factor.

Surveillance by serum CEA and CA19-9 in CRC. As stated earlier,
preCEA and preCA19-9 were positive in 78 and 52% of stage
IV CRC, respectively, and higher sensitivity of both markers is

P <0.0001

Fig. 3. Five-year survival rate according to
the preoperative serum tumor markers
carcinoembryonic antigen (preCEA) or CA19-9
(preCA19-9) in subgroups (stage Ill or stage 1V) of
colorectal cancer between 2001 and 2004. (a)
preCEA is no longer of a prognostic relevance in
stage Il colorectal cancer, whereas patients with
elevated preCEA showed significantly poorer
prognosis than those with normal preCEA.?%
(b) In stage IV colorectal patients, cases with
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elevated preCA19-9 showed significantly poorer
prognosis than those with normal preCA19-9
(P < 0.0001).
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Fig. 4. Interrelationship of independent prognostic factors according
to logistic regression analyses. White boxes are independent prognostic
factors. Gray boxes are dependent prognostic factors. These factors
reflect associated independent prognostic factors. CEA, carcinoembryonic
antigen; LNDE, lymph node dissection extent; ND20, lymph node
metastasis density over 20%; pN, lymph node mitastasis status; T, tumor
factor.

anticipated in recurrent CRC through the whole clinical course
than in preoperative stage IV CRC cases. This finding suggests
that serum CEA may be useful for monitoring disease spread,
as recommended by the American Society for Clinical
Oncology.!?

A recent study further confirmed a potential surrogate role of
these classical tumor markers in predicting prolonged survival,
putatively due to their reflection of the therapeutic effect of
chemotherapy against recurrent or far-advanced CRC.® In this
report, the positive predictive values (PPV) for the response of a
decrease in marker levels were 53.8 for CEA and 41.7 for CA19-
9 using a 30% decrease threshold, and 60 for CEA and 52.2 for
CA19-9 using a 50% decrease threshold. Meaningful PPV values
(>90%) for progression of an increase in marker levels were
only obtained using the 200% increase threshold for CEA alone
or a combination of CEA and CA19-9. A 100% CEA increase
between baseline and the §-week evaluation was correlated with
overall survival (P = 0.0023), suggesting that CEA, CA19-9, or
both may be used with caution for tumor response evaluation to
chemotherapy in metastatic CRC.

Newly developing biomarkers in CRC

Diagnostic markers for CRC. The FOBT is currently used as a
diagnostic marker for CRC. However, it detects blood in the
stool, and potential benign diseases are also included among the
positive cases. FOBT actually showed 70% specificity for CRC;
thus, it is not very specific to CRC. Moreover, its sensitivity for
detecting CRC is reported to be approximately 40-80%, so many
CRC may be missed by this screening. Nevertheless, FOBT is
currently the most prevalent marker used in CRC clinics for the
purpose of screening. It is not surprising that the most relevant
biomarker at present is from stools, not serum, because stools
can directly reflect CRC.

As an alternative to FOBT, molecular detection was reported
to be promising for calprotectin in the stool, which showed 50
positivity among 53 cases of CRC.? However, validation and
subsequent reports have not followed; thus, it has not yet been
approved as a diagnostic molecular marker of stools. Traverso
et al. treated stools for DNA extraction, which were subsequently
examined for mutation detection derived from the DNA; they
revealed that adenomateus polyposis coli (APC) mutation
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showed 63% sensitivity for Dukes B (stage II) CRC with 100%
specificity in the stools of CRC patients.®> This sensitivity was
much higher than that of preCEA (33%) or preCA19-9 (11%),
probably due in part to the likely superiority of fecal samples to
serum samples for diagnostic purposes. This result suggested
that the sensitivity of CRC detection by molecular detection of
DNA in stools could be equivalent to that by FOBT. Moreover,
molecular detection overcame the problem of low specificity
exhibited by FOBT, making APC mutation a promising diagnostic
marker for CRC. However, APC mutation detection was evaluated
by the authors’ original methodology, which is not yet gener-
alized worldwide, and the mutation analysis cannot cover all
patients. Moreover, the actual mutation site is needed for its
feasibility; therefore, the analysis is not a simple procedure and
is not practical at present.

Recent proteomic techniques have demonstrated that surface-
enhanced laser desorption/ionization (SELDI-TOF/MS) can
discriminate between the serum of CRC patients and healthy
persons with 89% sensitivity and 83% specificity.?® More
sophisticated analysis using proteomic technology has identified
specific molecules such as a-defensins®” and C3a-anaphylatoxin®®
in the serum of CRC patients with excellent feature as serum
tumor makers, showing discrimination of cancer from healthy
persons with 100% sensitivity and 69% specificity for a-defensins,
and 97% sensitivity and 96% specificity for C3a-anaphylatoxin.
Hiramatsu et al. also reported diacetylspermine in the urine as a
novel sensitive and specific marker for early and late-stage
CRC,?” where the sensitivity for stage Il CRC was as high as 70%
and the specificity was over 90%. These markers have great
potential for use in CRC screening; however, final validation
and confirmation of this potential is needed in the near future.

Prognostic markers in CRC

Stage Il (Dukes B) CRC. Prognostic markers for stage II CRC
patients are critical because survival is excellent and clinicians
have always wondered if such patients really need any adjuvant
chemotherapy. A large portion of stage II CRC patients survive
without recurrence for over 5 years. To enhance patient selection
for such adjuvant chemotherapy, prognostic markers are
needed to identify patients who are anticipated to undergo
recurrence and predicted to be sensitive to chemotherapy.

Nori et al. compared the DNA content in patients with stage
IT and no evidence of relapse versus stage II with relapse, and a
total of 80% of patients with recurrence showed aneuploidy
compared to only 40% of patients in the control group.®”
Furthermore, aneuploidy was associated with a significantly
higher tumor recurrence rate and a shorter survival in stage II
CRC®%3D and the results were validated by meta-analysis of the
published data.®» With increased resolution of cytogenetic
techniques it became clear that, in addition to nuclear aneuploidy,
specific non-random chromosomal imbalances also exist. Zhou
et al. showed that counting the alleles of 8p and 18q can predict
recurrence of stage II CRC, which presented a potential method
of patient selection for adjuvant chemotherapy.©®®

These findings also suggested that recurrent cases of stage II
CRC harbor different molecular features compared with those
without recurrence, an idea supported by data from transcriptome
analysis by Wang et al. who revealed that gene expression
profiling by cDNA microarray identified a 23-gene signature that
predicts recurrence in Dukes B patients.®¥ This signature was
validated in 36 independent patients. The overall performance
accuracy was 78%. Thirteen of 18 relapse patients and 15 of 18
disease-free patients were predicted correctly, giving an odds
ratio of 13 (95% confidence interval 2.6-65; P = 0.003). The
log-rank test indicated a significant difference in disease-free
time between the predicted relapse and disease-free patients
(P = 0.0001). Nevertheless, comparison of the often different
results by expression array proved to be difficult because of the
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Table 1.

Biomarkers that are used at present and are promising for the future

Purpose Present

Future prospective for validation

Diagnostic marker
Prognostic marker
Stage I -

Stage I -
Stage IV -
Patient selection for recurrent tumor -
Follow-up maker Serum carcinoembryonic antigen

Fecal occult blood test, colonoscopy Serum o-defensins or C3a-anaphylatoxin urine diacetyl-spermine

DNA ploidy in the primary tissues

8p, 18qg impalance in the primary tissues

Microsatellite instability in the primary tissues (for adjuvant therapy)
K-ras mutation in primary tissues

Serum preoperative CA19-9

K-ras mutation for cetuximab Tx

Novel diagnostic marker as above

different array platforms used. So far, no identified gene expression
markers have been implemented for clinical application.

For prediction of sensitivity to chemotherapy, a potential marker
is microsatellite instability, which is seen in approximately
15-20% of CRC.® Microsatellite instability tumors are refractory
to chemotherapy.®® Such information would also help avoid
ineffective adjuvant chemotherapy for patients with stage II CRC.

Stage Ill (Dukes C) CRC. Prognostic markers in stage III
CRC do not exist. Serum CEA in stage III, which had been
the most promising,'*'® was proven to be disappointing as a
prognostic factor in our recent study.®® On the other hand, the
RASCAL-2 study by Andreyev et al. revealed that K-ras mutation
in primary cancer tissues showed prognostic significance in
stage III CRC cancer.®” RASCAL-2 was the second and larger
version of RASCAL, the largest (at the time) survey of K-ras
mutation in primary tumor tissues, which comprised a collection
of data collected by groups from 13 countries concerning the
question of the prognostic importance of K-ras mutation.®® We
also found that the prognostic relevance of K-ras mutation is
recognized in stage III young colon cancer patients (Ann Sug
Ohonato et al.). In stage II patients, recurrence requires direct
systemic dissemination from the primary site, which may need
more powerful oncoproperties than in stage III, and K-ras
mutation might not be sufficient for this.

Such clinical information may help to select patients for
whom potent adjuvant chemotherapy that has already proven
effective, such as Folic acid Fluorouracil and Oxaliplatin
(FOLFOX) in CRC,®” is truly necessary. In Japan, FOLFOX
has not been routinely applied as adjuvant therapy in stage III
CRC patients due to social issues such as cost-performance or
insufficient medical supplies (until June 2008). Prognostic markers
to predict recurrent stage III cases would enable us to identify
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