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Abstract

Tumor markers comprise a wide spectrum of biomacromolecules excessively
synthesized by a variety of neoplastic cells. These markers can be endogenous
products of highly active metabolites from malignant neoplastic cells or the
products of newly activated genes. Ideally, tumor markers should be highly
sensitive, specific, and reliable with a high prognostic value and organ speci-
ficity. In addition, they should reflect the tumor stage. However, no tumor
markers identified thus far have all of these characteristics. Nevertheless,
most tumor markers show excellent clinical relevance for monitoring the ef-
ficacy of a variety of therapies. We herein review how to use the recom-
mended tumor markers to diagnose malignancies, such as gastrointestinal
carcinoma, liver cancer, bile duct/pancreatic cancer, lung cancer, breast can-
cer, gynecologic cancer, and urologic cancer.
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1. Introduction

Because of the low diagnostic sensitivity and specificity of tumor markers, they
cannot detect the early presence of cancers. As such, under the Japanese health
insurance system, tumor marker assessments are instructed to be performed on-
ly in patients in whom a malignant tumor is strongly suspected based on medical
examinations and other imaging study results. Examining pairs of tumor mark-
ers in a “combination assay” improves the diagnostic sensitivity, but the diag-

nostic specificity decreases. However, tumor markers are extremely useful for 1)
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determining the staging of cancer; 2) determining the histologic type of cancer;
3) determining the surgery and chemotherapy; and 4) the early detection of re-
current cancer when they are positive; therefore, these markers are an essential

tool in the clinical detection of cancer.

2. Evaluation of Tumor Markers Based on
Clinical Epidemiology

An appropriate sensitivity and specificity are necessary for the evaluation of tu-
mor markers, but such factors alone are useless in the clinical setting. In daily
practice, physicians simply want to know the probability of cancer being present
when a tumor marker test is positive or the positive predictive value (PPV).

The PPV is important for evaluating the diagnostic efficiency of a tumor
marker. The PPV (probability after testing) is determined by the prevalence
(probability before testing) and efficacy (sensitivity and specificity) of the test-
ing. Of note, when test results are positive but cancer is not found, this is known
as a false positive and is expressed as the False Alarm Rate-1-PPV. We can cal-
culate the colorectal cancer PPV of 1000 subjects in a public medical office and
cancer-specific hospital using the CEA which has a diagnostic sensitivity of 50%
- 0% and diagnostic specificity of 80% [1]. The prevalence of colorectal cancer is
estimated to be 0.5% - 0.8% among people without symptoms who undergo total
colonoscopy during a multiphasic health screening test. For the convenience of
calculation, we considered the prevalence at the general medical office to be 1%
and that at the cancer-specific hospital to be 10% and then calculated the PPV.
When using CEA at a general medical office, which has a low prevalence, the
PPV is only approximately 4%, indicating that 96% of patients will be mistakenly
warned about their cancer state. Not only is it useless to undergo an examination
with a false positive rate that large, being mistakenly notified of a positive result
on such a tumor marker test can induce a substantial economical and psycho-
logical burden. However, the PPV increases markedly to 31% in a cancer-specific
hospital with a high prevalence, so the validity of such tumor marker testing is

acceptable.

3. Classification of Tumor Markers

Tumor markers can be divided into first-generation markers (before 1960: Bence-
Jones protein, human chorionic gonadotropin [hCG], etc.), second-generation
markers (the 1960s: a-fetoprotein [AFP], carcinoembryonic antigen [CEA], and
other embryonic proteins), third-generation markers (1970-1980: carbohydrate
antigen [CA]19-9 and other carbohydrate antigens discovered as the results of the
monoclonal antibody technology), and fourth-generation markers (post-1990s:
human epidermal growth factor receptor type 2 [HER2] protein, p53 protein,
and other oncogene/anti-oncogene products). Practical classification, by con-
trast, describes these elements as non-organ-specific and organ-specific markers.

The non-organ-specific markers are CEA, tissue polypeptide antigen (TPA), and
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ferritin, being positive for cancers in various organs. Tumor markers are one of
the methods for predicting or diagnosing tumors (Figure 1). As listed in Table 1
and Figure 2, organ-specific markers include AFP, prostate-specific antigen
(PSA), neuron-specific enolase (NSE), and others. In addition, some tumor
markers have carbohydrate chains and can be divided into type-1 carbohydrate
chains (CA19-9 for pancreatic cancer and gastrointestinal cancer; CA50 for
pancreatic, biliary tract and liver cancers; Span-1 for pancreatic, biliary tract and
liver cell cancers; KMO-1 [2], pancreatic, biliary tract and liver cancers; and
pancreatic cancer-associated antigen-2 [Dupan-2] for pancreatic, biliary tract
and liver cancers), type-II carbohydrate chains (sialyl Le[x] antigen [SLX] for

lung cancer, Anti-sialyl-Lex[x] mAb [CSLEX] for breast cancer), mother nucleus

Development of malignant tumor

Normal : : : Malignant
cells ’

cells
——
Physical, chemical, mechanical and inflammatory
Stimuli

Figure 1. Tumor development and methods of diagnosis.

Table 1. Major tumor markers for cancers in various tissues (non-organ-specific and or-
gan-specific markers).

CA19-9 AFP
CEA TPA Span-1 CAl125 SLX PIVKA-II NSE SCC PSA
Digestive tract ¢4 €@ L 2 2 * <&
Liver *0 4060 oo * L 2 24

Biliary system 4 666 666 & *

Pancreas 66 666 666 *e

Lung o o6 o X *00 ¢oe

Uterus o o *0e

Ovary ¢ 06 ¢ 00 oo

Prostate 00 o . X

@ & & high positive rate, ¢ ®: relatively high positive rate, #: relatively low positivity, but there is sup-
porting diagnostic value and <>: AFP-producing gastric cancer.
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Neuroblastoma:
NSE

Esophageal cancer:

scc j

Lung cancer: CA125, CEA, BLX
Squamous cell carcinoma-

Thyroid medullary
Carcmoma NSE

Breast cancer:

CYFRA, SCC
Small cell carcinoma- / CA125, CA15-3,
NSE, ProGRP NCC-5T-439

Gastric cancer:
CEA STN, CA19-9

Hepatocellular carcmoma
AFP, PIVKA-II p—

e o
74
/ Pancreatic cancer:
Bile duct carcinoma

CA125, CA19-9, CEA,
Elastase 1, NCC-ST-

\ 439, SLX, STN

CA19-9, CEA

Colorectal cancer:
CEA, NCC-ST-439,
STN, CA19-9, SLX

Prostate cancer:

PSA ‘

\\\\pvaran cancer:
hCGbeta, CA125,
STN, SLX, CA19-9

Uterine cervical cancer:
hCGbeta, SCC, STN
Uterine corpus cancer:
hCGbeta, SCC

Figure 2. Examples of several tumor markers in tissues.

carbohydrate chains (STN for ovarian cancer; CA72-4 for ovarian and breast
cancers; CA546 for ovarian serous cystadenocarcinoma), and core proteins
(CA125 for ovarian cancer, CA602 for ovarian serous cystadenocarcinoma; and
CA130 for ovarian, uterus, pancreatic and biliary tract cancers) based on the

structure of the antigen determinant.

4. Utility of Tumor Markers According to Organs

1) Digestive tract carcinoma

Useful markers of the digestive tract are squamous cell carcinoma (SCC) an-
tigen (for esophageal cancer), CEA (for gastric cancer), and CEA (for colorectal
cancer). SCC antigen is useful for detecting esophageal cancer but has little sig-
nificance for its pathological diagnosis. Regarding the utility of tumor markers
for gastric cancer, while the significance of their presence for the diagnosis is
small, they are useful for the preoperative prediction of the progression stage

and postoperative follow-up. CA125 is useful for predicting peritoneal dissemi-
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nation; CEA, CA19-9, and AFP are useful for predicting liver metastasis; and
CEA and CA19-9 are useful for predicting lymph node metastasis. Regarding
colorectal cancer, CEA is useful for diagnosing its presence, predicting progres-
sion, and performing follow-up. CA19-9 is useful for predicting liver metastasis.
e CEA

CEA was first identified in 1965 by Canadian scientists Gold and Freedman in
human colon cancer tissue extract [3]. CEA is a glycoprotein of about 200,000
molecular weight related to a cell adhesion factor and belonging to the CEA
family. Gold and Freedman initially described it as a carcinoembryonic antigen;
however, it was found to be present in not only colorectal cancer tissue but also
the gastrointestinal tract, liver, and pancreas of fetuses aged two-six months of
age. False positive report is found because it is slightly increased by aging and/or
smoking. CEA is positive findings are occasionally reported because CEA levels
increase slightly with aging and/or smoking. CEA is positive in 30% - 70% of
cancers that develop in endodermal tissues, and its positive rate is particularly
high in gastrointestinal cancers. As cancer progression, the value of CEA in-
creases. As noted, the CEA positive rate correlates well with the Duke staging of
colorectal cancer (Figure 3). CEA as well as CA19-9 are commonly used as tu-
mor markers, although neither demonstrate high diagnostic accuracy [4] [5].

2) Liver cancer

Tumor markers with high specificity for hepatocellular carcinoma (HCC) in-
clude AFP and protein induced by vitamin K absence or antagonist-II (PIVKA-II)
[6] [7]. AFP is a representative carcinoembryonic antigen, normally produced in
fetal liver and saccus vitellinus. It is not produced after birth. AFP is a glyco-
protein comprising 4% of sugar with a molecular weight of 65,000. PIVKA-II is
abnormal prothrombin produced under vitamin K deficiency through a proth-

rombotic precursor.

100
78 79
80 74 74
70 67 67
65 63
€ 60 59 57

50 47

40 13 36

30 29
30 27 25 26
17 17 17
20 i ﬂ 14
. i

Mean Dukes' A Dukes' B Dukes' C Dukes' D
mCEA ®mTPA mCA19-9 = CA50 ®NCC-ST-439

Figure 3. Tumor markers for predicting colorectal cancers. Mean positive rate (%), Duke
staging, and positive rate.
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Because some benign liver diseases are AFP-positive, it is difficult to differen-
tiate liver cancer based solely on the presence of AFP. In the serum of patients
with HCC the carbohydrate chain of the AFP is altered, and AFP lectin-responsive
fractionation (AFP-L3) increases. No tumor markers have high specificity for
primary cholangiocarcinoma, but serum PIVKA-II is increased in such patients.
CEA has high sensitivity for metastatic liver cancer.

There have been few studies on the correlation between AFP and PIVKA-II
and vascular invasion, tumor differentiation, and size, and conclusions thus far
have been controversial [8] [9] [10]. Si et al [6] reported that AFP and PIVKA-II
play a significant role in the diagnosis of HBV-related HCC. Of note, the diag-
nostic value of AFP and PIVKA-II combined detection or a single assay of
PIVKA-II is higher than that of a separate assay for AFP. Furthermore, the con-
centrations of AFP and PIVKA-II have important clinical value for judging the
tumor size, tumor cell differentiation, and vascular invasion.

Huang et al [11] showed that PIVKA-II combined with AFP had better diag-
nostic utility than AFP alone for the HCC diagnosis. However, Tarao et al [7]
confirmed the limited ability to detect HCC in patients with very small single
HCC nodules (<2 cm; Barcelona clinic liver cancer stage 0) [12] [13], even with
the combination of both AFP and PIVKA-IL
o AFP

Serum AFP is positive in 90% of patients with HCC. The AFP-positive rate of
patients with stage IV HCC is 50%, but it cannot be used for the early diagnosis
of HCC. During differentiation from benign liver diseases, AFP-positive cases
are found among patients with hepatitis and liver cirrhosis. Among patients with
chronic hepatitis and liver cirrhosis, 20% - 40% are positive for AFP, with 5% -
10% of patients having serum AFP > 100 ng/ml, although the frequency of pa-
tients with 400 ng/ml is low. The serum value of AFP is not correlated with the
size of the HCC; indeed, well-differentiated and undifferentiated HCCs show a
low production of AFP, while moderately differentiated trabecular-type HCCs
have high values.

Digestive system cancers, testicular cancers, and ovarian cancers sometimes also
show high levels of AFP. There have been many case reports on AFP-producing
gastric cancers, with cases histologically proving to be hepatoid adenocarcinoma
with a poor prognosis. AFP is used for the follow-up of liver cirrhosis, which is a
preceding state of HCC.

AFP is a glycoprotein that is often associated with HCC. However, AFP levels
also increase during pregnancy, and some benign diseases, such as severe hepati-
tis and cirrhosis, show increased levels as well. Furthermore, AFP is not signifi-
cantly increased in about 35% - 40% of HCC patients, especially in cases with
small HCC [14] [15].

e PIVKA-II
The positive rate of PIVKA-II in HCC is 50%, but the diagnostic efficiency

improves by combination measurement with AFP, as there is no correlation be-
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tween PIVKA-II and AFP. The administration of warfarin and antibiotics in-
creases the serum value of PIVKA-II. AFP is sensitive, but its specificity is low,
while PIVKA-II has low sensitivity, but its specificity is high, as shown in Figure 4.

PIVKA-II is an abnormal form of prothrombin, which has been used as a
good diagnostic biomarker for HCC [16] [17] [18]. There is now considerable
evidence that PIVKAII is an independent prognostic factor after liver surgery,
such as hepatic resection or liver transplantation [19]. In addition, PIVKA-II is
influenced by many non-tumor factors, such as coagulation dysfunction and liv-
er cirrhosis [16].

e AFP-L3 ([20])

AFP from HCC displays a different affinity for the lectin lens culinaris agglu-
tinin (LCA) from that of chronic hepatitis/liver cirrhosis. Based on the binding
capability to LCA, total AFP can be separated into three different glycoforms,
AFP-L1, AFP-12, and AFP-L3. AFP-L1 is the non-LCA-bound fraction, consti-
tuting the major glycoform of AFP in serum of chronic hepatitis and liver cirr-
hosis. AFP-L3 is the LCA-bound fraction of AFP; malignant liver cells reported-
ly produce AFP-L3, even when HCC is in its early stage, and especially when the
tumor mass is supplied by the hepatic artery. Clinical research has suggested that
AFP-L3 is a highly specific marker for HCC. AFP-L3 can be detected in the se-
rum of approximately 35% of patients with small HCC (<2 cm). AFP-L3-positive
HCC has the potential for rapid growth and early metastasis. AFP-L3 can detect
HCC earlier 9 to 12 months than imaging detection. The combined sensitivity of
AFP-L3 for HCC is 56%, with a specificity of >95%.

3) Pancreas and bile duct carcinoma

CA19-9, also called sialyl Lewis antigen A, is widely used for the diagnosis and
treatment monitoring of pancreatic ductal carcinoma, which has the highest inci-
dence among pancreatic cancers. CEA, SLX, Nation Cancer Center-Stomach-439

(NCC-ST-439), Sialyl Thomsen-nouveau (STN), pancreatic cancer-associated
120

100
100

80 75

(%)

60

20

0

Stage | Stage Il Stage Il Stage IV
HPIVKA Il = AFP

Figure 4. Positive rates (%) of AFP and PIVKA-II at different stages of HCC.
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antigen-2 (DUPAN-2), and ferritin have also been used to diagnose pancreatic
cancer. However, the combined use of CA19-9 and CA50 or Span-1 is recom-
mended when CA19-9 is extremely low level. In the population, ~5% - 10% of
individuals are Lewis antigen-negative, with no or low secretion of CA19-9 [21].
Lewis- negative pancreatic cancer is an aggressive subgroup with special clinical
and molecular features [22]. There is an association of Lewis antigen phenotype
[Le(a+b-), Le(a—b+), and Le(a—b-)] with survival of patients with pancreatic
ductal adenocarcinoma: the risk of mortality increases in the order of Le(a+b-),
Le(a—b+), and Le(a—b—) [23]. Markers of sealyl Group A, including CA19-9, are
elevated when pancreatic cancer, cholelithiasis, or Vater papillitis is complicated
with obstructive jaundice. There are no specific tumor markers for biliary system
cancers, but there are some cases where cancer cells produce sealyl Lewis antigen
A, SLX, NCC-ST-439, or CEA.

e CA19-9:

CA19-9 attracted marked attention as a pancreatic cancer-specific marker be-
cause it was the first marker found to be effective for detecting pancreatic cancer.
The positive rates of CA19-9 are 90% for pancreas cancer, 40% ~ 80% for biliary
system cancer, and about 30% for gastric and colorectal cancer, suggesting that
its utility is highest for digestive system cancers. The CA19-9 values in cases of
pancreatic cancers tend to be 100,000 - 1,000,000 U/ml. Among benign diseases,
the positive rate of CA19-9 is 20% for cholelithiasis; the value is approximately <
10% for other benign disorders (Figure 5).

4) Lung cancer

Because tumor markers have low utility for the early diagnosis of lung cancer,
their clinical utility is inferior to that of an imaging diagnosis. However, the tu-

mor marker value reflects the stage and histologic type of lung cancer, suggesting

90
84
80
78
80 77 75 24
70
70 67
60 55
3 50
40 37
30
30
20
1 9 13 1
10 7 .
0 3 I 3 3
O u | . _— u
Stage | Stage Il Stage lll Stage IV Benign disease
M Pancreatic duct cancer ™ Biliary duct cancer ™ Gastric cancer Colorectal cancer

Figure 5. Positive rates (%) of CA19-9 at different stages of pancreatic duct, biliary tract,
gastric, and colorectal cancers.
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it to be essential for clinical diagnosis of lung cancer. In the clinical diagnosis of
lung cancer, useful tumor markers include CEA, SLX, SCC antigen, cytokeratin
19 fragment (CYFRA 21-1), NSE, and progastrin-releasing peptide (ProGRP).
Lung cancer has a variety of histological types: CEA has a high positive rate in all
types of lung cancer, and high specificities of SLX, SCC antigen/CYFRA 21-1,
and NSE/proGRP are found in lung adenocarcinoma, squamous cell carcinoma,
and small cell carcinoma, respectively (Figure 6). Quantitative measurements of
these serum tumor markers allow us to make supporting diagnoses of lung can-
cer, suggest the histologic type, help determine the clinical stage, aid in judging
the effects of treatment, and monitoring follow-up. Nakamura and Nishimura
[24] elegantly reviewed the molecular features, functions, and clinical relevance
of conventional serum biomarkers for lung cancer, such as CEA, CYFRA 21-1,
TPA, CA19-9, SLX, CA-125, SCC-antigen, NSE, and proGRP, and provided a
snapshot of the current landscape and their potential combined utility in the di-
agnosis and prognosis of lung cancer.

5) Breast cancer

Serum tumor markers, such as CA 15-3 and breast cancer antigen 225
(BCA225), are combined use for diagnosing mammary cancer. However, these
markers are not powerful for detecting early breast cancer [25] [26] [27]. CEA
and NCC-ST-439 are other tumor markers that show a high positive rate for de-
tecting breast cancer [25] [26] [27].

Non-palpable “T0 breast cancer” can be detected by measuring the CEA level
in the milk secretion. HER2 protein produced by the proto-oncogene c-erb2 is
found in high-grade breast cancer. It has a structure similar to that of epidermal
growth factor receptor (EGFR). The measurement of HER-2 is important for

determining the most appropriate treatment, as monoclonal antibody drugs

75 75

65

CEA (50 ng/ml) = SCC antigen (2.5 CYFRA21-1(2.0 SLX (40.0 U/ml) = NSE (10.0 ng/ml)  Pro-GRP (46.0
All types ng/ml) = SqCC  ng/ml) = SqCC ADC =SmCC ng/ml) = SmCC

mStage | -1l mStagelll = Stage IV Benign lung disease

Figure 6. Various tumor markers for lung cancer. Reference values, association between stage and

histological types, stages, positive rates, and false-positive rates.
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against this protein have recently been introduced. The positive rates of various
tumor markers for breast cancer at different clinical stages are illustrated in Fig-
ure 7.

Data on the detection of non-palpable TO breast cancer by measuring the CEA
level in milk secretion are shown in Figure 8.

Regarding the measurement of serum or tissue HER2 protein levels, the posi-
tive rate of serum HER2 protein is 50% in cases with the postoperative recur-
rence of HER2 over-expressing breast cancer. A previous report found that the
rate was 80% - 90% when measured in cases that were HER2 protein-positive on
preoperative histopathology. Cases of HER2-overexpressing breast cancers, fre-
quently show metastasis and recurrence, so the serum HER2 protein measurement
is useful as a marker of postoperative recurrence of such cancer. In addition, HER2
measurement is important from a therapeutic aspect, as molecular-targeted drugs,

such as trastuzumab (Herceptin), have recently been introduced and shown to be

73
541 54,
25
14

6 10 6

i wili | ;

112 1

| T Il ——=EEm _OmOO

Stage | Stage Il Stage lll Stage IV Recurrent breast Benign Healthy subjects

cancer without lesion
removal

mCEA mCAT15-3 mBCA225 NCC-ST-439 m ErbB-2

Figure 7. Positive rates (%) of various tumor markers at different stages of breast cancer.
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Figure 8. CEA values in nipple discharge from non-palpable mammary duct lesions.
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effective for HER2 protein-overexpressing breast cancer [28].

6) Gynecologic organ cancer
o Cervical cancer

The majority (90%) of uterine cervical cancers are SCC, accounting for 90% of
cases, followed by adenocarcinoma. We therefore first select SCC antigen and
then CA125 for detecting cervical adenocarcinoma. CA125 is also useful for de-
tecting uterine corpus carcinoma, fallopian tube cancer, and uterine leiomyoma,
although there are no specific tumor markers for these tumors.

e Opvarian cancer

The frequency of ovarian malignancy is low, but its fatality rate is high. The
ovary is located in the pelvic cavity, and the initial symptoms of ovarian malig-
nancy are few. Therefore, ovarian cancer is called “a silent tumor” and is often
discovered at an advanced stage, proving a major concern for gynecologists.
Given this situation, the investigation of tumor markers can be quite useful.

In addition, ovarian cancer has a variety of histological types, so various types
of tumor markers have been reported. Because the early detection of ovarian
cancer is difficult, screening with combination assays has been attempted. We
have used AFP [29] [30] [31] to detect germ cell tumors and CA125 [32] [33]
[34] [35] to identify epithelial ovarian tumors. The positive rates of serum
CA125 in different histologic types of ovarian cancer are shown in Figure 9, and
the positive rates of various tumor markers at different stages of ovarian cancer
are illustrated in Figure 10.

e Choriocarcinoma

Similar to other countries [36] [37] [38] [39], in Japan, the management of
trophoblastic diseases, including choriocarcinoma by hCG, hCGf or C-terminal
peptide (hCGp-CTP) is prescribed in the handling agreement of the Japan Society

Positive rate (%) of CA125 (>37 U/ml)
100

90 88.2

80 76.1 76.3
70 719

(%)
2

Serous Mucinous Endometrioid Clear cell Total (152 cases)
ad rcinoma ad i carci (34 carci (46
(40 cases) (32 cases) cases) cases)

Figure 9. Positive rate (%) of CA125 (>37 U/ml) according to the histopathological type
of ovarian cancer.
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Figure 10. Positive rate (%) of various tumor markers at different stages of ovarian cancer.

of Obstetrics and Gynecology [40] [41] [42].

7) Urogenital cancer
e Prostate cancer

PSA is a serine protease, and liquefaction of the sperm after ejaculation is
widely recognized as its physiological function. Blood PSA forms a complex with
al-anti-chymotripsin (ACT), and this complex can be recognized with an an-
ti-PSA antibody. However, a small portion of PSA binds to an a2 macroglobulin,
becoming masked, and thus difficult to detect with the anti-PSA antibody. The
utility of PSA is widely recognized, and it is frequently used for screening, mak-
ing a diagnosis, determining the effect of treatment, and following patients with
prostatic cancer [43] [44] [45] [46] [47].

However, it is difficult to differentiate prostatic cancer from prostatic hyper-
plasia when the value of PSA is low. Therefore, other markers, such as the
free/total PSA ratio (%PSA), PSA-ACT complex, and pro-PSA (pPSA), are used
to differentiate prostate cancer, with good results obtained. The PSA level be-
comes lower by total prostatectomy or various treatments of prostate cancer.
Therefore, highly sensitive PSA assays have been developed for the early detec-
tion of prostate cancer recurrence after treatment.

Differentiating prostatic hypertrophy and prostate cancer:

< Cut-off value for total PSA

In American cases, serum PSA levels of <4 ng/ml, 4 - 10 ng/ml, and 210 ng/ml
are considered reference values, gray zone, and abnormal, respectively. Using 4
ng/ml as the cut-off point, 43% of prostate cancer cases are false-negative, and
25% of prostatic hypertrophy are false-positive. As shown in Figure 11, the
range of 4 - 10 ng/ml of PSA is considered the gray zone, as the likelihood of
prostate cancer and noncancerous prostatic disease is high with these values.

< Ratio of Free-PSA/Total-PSA (%PSA)

When examining components of PSA for prostate cancer and prostatic hyper-
plasia, the ratio of PSA-ACT is high in prostate cancer, and the ratio of free-PSA
is high for prostatic hyperplasia. The diagnostic sensitivity and specificity for
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Figure 11. Percent distribution of serum PSA levels in patients with benign prostatic
hyperplasia and prostatic cancer.

prostate cancer can be improved by measuring the %PSA and measuring PSA-
ACT and free-PSA at the same time. Zenimoto et a/ [48] determined the % PSA
in 25 prostate cancer patients and 22 prostatic hypertrophy patients, finding that
free-PSA ratio was low level for prostate cancer patients in the gray zone with a
mildly increased total-PSA ratio. They set the cutoff value of %PSA with ap-
proximately 20% or less for differentiation between prostate cancer and prostatic
hypertrophy.

< PSA-ACT complex

The measurement of the PSA-ACT complex is not yet common, but it can be
determined by a sandwich immunoassay using one antibody recognizing the
PSA moiety and one recognizing the ACT part. According to a report comparing
the diagnostic efficiency of prostate cancer with this complex and that of the to-
tal-PSA level, the efficiency with the complex was superior, possibly because
factors other than the tumor, such as aging, may affect the free-PSA level.

< pPSA

Among the three molecular forms that constitute free-PSA (proPSA, BPSA,
and inPSA), proPSA is an imperfect PSA precursor with incomplete cleavage of
the N-terminal peptide and is produced abundantly by prostatic cancer cells.
Therefore, its increase in the serum is expected to be a useful specific new mark-
er of prostatic cancer [45].
e Testicular tumors

Measuring tumor markers is useful for detecting testicular germ cell tumors
[49] [50] [51]. Testicular choriocarcinoma contains tumorous syncytial tro-
phoblasts that produce hCG, so a high level of serum hCG is always detected in
such case (Figure 12). Approximately 10% of seminoma cases may include syn-
cytial trophoblasts and produce hCG (Figure 12). The two biomarkers, AFP and
the hCGp subunit, are also useful for detecting the presence of a residual tumor
and determining the efficacy of treatment (Figure 12).
e Bladder cancer

It is important to identify the recurrence of bladder cancer early, as the
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recurrence rate of urothelial cancer is high, and early detection can extend the

patient’s survival. In general, bladder tumor antigen (BTA) and nuclear matrix

protein 22 (NMP22) are used for the detection of bladder cancer [52]-[57].

8) Pitfall of the abnormal value of tumor markers

e CEA: Its high level is naturally high in a large population of the smoker, liver
cirrhosis patients, diabetics, and elderly people.

o AFP: The level is increased in cases of chronic hepatitis, liver cirrhosis, and
pregnancy.

e TPA: False-positives are frequent, and levels are increased in cases of infec-
tion and pregnancy.

e SLX: Levels are increased in cases positive for lung cancer and Lewis antigen
negative [Le(a—b-)].

e CA19-9: Levels are increased in gastrointestinal carcinomas, including pan-
creatic cancer, but negative in Le(a—b-).

e SCC: Levels are increased in cases of skin disease.

e CAI25: Levels are increased in cases of endometriosis, menstruating patients,

cases of peritonitis, pregnant patients, and liver cirrhosis patients.

5. Conclusion

Tumor markers comprise a wide spectrum of biomacromolecules excessively syn-
thesized by a variety of neoplastic cells. These markers can be endogenous prod-
ucts of highly active metabolites from malignant neoplastic cells or the products
of newly activated genes. Ideally, tumor markers should be highly sensitive, spe-
cific, and reliable with a high prognostic value and organ specificity. In addition,
they should reflect the tumor stage. However, no tumor markers identified thus
far have all of these characteristics. Nevertheless, most tumor markers show ex-

cellent clinical relevance for monitoring the efficacy of a variety of therapies.
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