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BACKGROUND: Updated National Academy of Clinical
Biochemistry (NACB) Laboratory Medicine Practice
Guidelines for the use of tumor markers in the clinic
have been developed.

METHODS: Published reports relevant to use of tumor
markers for 5 cancer sites—testicular, prostate, colo-
rectal, breast, and ovarian—were critically reviewed.

RESULTS: For testicular cancer, a-fetoprotein, human
chorionic gonadotropin, and lactate dehydrogenase
are recommended for diagnosis/case finding, staging,
prognosis determination, recurrence detection, and ther-

apy monitoring. a-Fetoprotein is also recommended for
differential diagnosis of nonseminomatous and semi-
nomatous germ cell tumors. Prostate-specific antigen
(PSA) is not recommended for prostate cancer screen-
ing, but may be used for detecting disease recurrence
and monitoring therapy. Free PSA measurement data
are useful for distinguishing malignant from benign
prostatic disease when total PSA is <10 ug/L. In colo-
rectal cancer, carcinoembryonic antigen is recommended
(with some caveats) for prognosis determination, postop-
erative surveillance, and therapy monitoring in advanced
disease. Fecal occult blood testing may be used for
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screening asymptomatic adults 50 years or older. For
breast cancer, estrogen and progesterone receptors are
mandatory for predicting response to hormone ther-
apy, human epidermal growth factor receptor-2 mea-
surement is mandatory for predicting response to tras-
tuzumab, and urokinase plasminogen activator/
plasminogen activator inhibitor 1 may be used for
determining prognosis in lymph node-negative pa-
tients. CA15-3/BR27-29 or carcinoembryonic antigen
may be used for therapy monitoring in advanced dis-
ease. CA125 is recommended (with transvaginal ultra-
sound) for early detection of ovarian cancer in women
at high risk for this disease. CA125 is also recom-
mended for differential diagnosis of suspicious pelvic
masses in postmenopausal women, as well as for detec-
tion of recurrence, monitoring of therapy, and deter-
mination of prognosis in women with ovarian cancer.

concLusions: Implementation of these recommenda-
tions should encourage optimal use of tumor markers.
© 2008 American Association for Clinical Chemistry

We present here to clinical chemists, clinicians, and
other practitioners of laboratory and clinical medicine
the latest update of the National Academy of Clinical
Biochemistry (NACB)?® Laboratory Medicine Practice
Guidelines for the use of tumor markers in testicular,
prostate, colorectal, breast, and ovarian cancers. These
guidelines are intended to encourage more appropriate
use of tumor marker tests by primary care physicians,
hospital physicians and surgeons, specialist oncolo-
gists, and other health professionals.

Clinical practice guidelines are systematically de-
veloped statements intended to assist practitioners and

25 Nonstandard abbreviations: NACB, National Academy of Clinical Biochemistry;
NSGCT, nonseminomatous germ cell cancers of the testis; AFP, a-fetoprotein; hCG,
human chorionic gonadotropin; LDH, lactate dehydrogenase; LOE, level of evi-
dence; ITGCNU, intratubular germ cell neoplasia undclassified; MSI, microsatellite
instability; PLAP, placental/germ cell alkaline phosphatase; SOR, strength of rec-
ommendation; PSA, prostate-specific antigen; NICE, United Kingdom National
Institute for Health and Clinical Excellence; DRE, digital rectal examination; fPSA,
free PSA; EGTM, European Group on Tumour Markers; cPSA, complexed PSA;
ERSPC, European Randomized Screening for Prostate Cancer; SEER, Surveillance,
Epidemiology and End Results; CTCs, circulating tumor cells; CRC, colorectal
cancer; ASCO, American Society of Clinical Oncology; CEA, carcinoembryonic
antigen; TIMP-1, tissue inhibitor of metalloproteinases type 1; uPA; urokinase
plasminogen activator; PAI-1, plasminogen activator inhibitor 1; EGFR, epidermal
growth-factor receptor; FOBT, fecal occult blood test; FIT, fecal immunochemical
test; NCCN, National Comprehensive Cancer Network; ER, estrogen receptor; PR,
progesterone receptors; IHC, immunohistochemical analysis or immunohistochem-
istry; MINDACT, Microarray for Node-Negative Disease Avoids Chemotherapy
(trial); RS, recurrence score; TAILORx, Trial Assigning Individualized Options for
Treatment; FIGO, International Federation of Gynecology and Obstetrics; GCIG,
Gynecologic Cancer Intergroup; TPA, tissue polypeptide antigen; LPA, lysophos-
phatidic acid; TATI, tumor-associated trypsin inhibitor; CASA, cancer-associated
serum antigen; hCGpcf, hCG B-core fragment.
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patients in making decisions about appropriate health-
care for specific clinical circumstances (I ). An expla-
nation of the methodology used when developing these
guidelines is provided in an accompanying preamble
(2). As might be expected, many of the NACB recom-
mendations are similar to those made by other groups,
as is made clear from the tabular comparisons pre-
sented for each malignancy (2). The disciplines of all
authors and statements of conflicts of interest, declared
according to NACB requirements, are provided in an
online data supplement (Supplemental Data Disclo-
sures Table that accompanies this Special Report at
http://www.clinchem.org/content/vol54/issuel2). The
latter are also listed at the end of this manuscript. All
comments received about these guidelines are also re-
corded in an online data supplement (Supplemental
Data Comments Received Table), together with re-
sponses to these comments.

To prepare these guidelines, the literature relevant
to the use of tumor markers was reviewed. Particular
attention was given to reviews, including the few rele-
vant systematic reviews, and to guidelines issued by
expert panels. If possible, the consensus recommenda-
tions of the NACB Panels reported here were based on
available evidence, i.e., were evidence based. An ac-
companying paper presents NACB recommendations
relating to general quality requirements for tumor
measurements and includes tabulation of important
causes of false-positive tumor marker results that must
also be taken into account (e.g., heterophilic antibody
interference, high-dose “hooking,” etc.) (3).

Tumor Markers in Testicular Cancers*®?”

BACKGROUND

About 95% of all malignant testicular tumors are of
germ-cell origin; most of the rest are lymphomas, Leydig
or Sertoli cell tumors, and mesotheliomas. Germ cell
tumors of adolescents and adults are classified into 2
main types, seminomas and nonseminomatous germ
cell cancers of the testis (NSGCT). Testicular cancers
represent about 1% of all malignancies in males, but
they are the most common tumors in men age 15-35
years. Testicular cancers are a significant cause of
death in this age group in spite of the fact that presently
more than 90% of the cases are cured (4). Germ cell
tumors may also originate in extragonadal sites, e.g.,

26 NACB Testicular Cancer Sub-Committee members: Ulf-Hakan Stenman, Chair;
Rolf Lamerz; and Leendert H. Looijenga.

27 All comments received about the NACB Recommendations for Testicular
Cancer are included in the online Data Supplement. Professor George Bosl,
Professor Barry Hancock, Dr. Grahame Howard, and Professor Michael Seckl
were invited expert reviewers.
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the sacrococcygeal region, mediastinum, and pineal
gland (5). Those of the sacrum are predominantly
found in young males. Based on the histology, age of
the patient at diagnosis, clinical behavior, and chromo-
somal constitution, these tumors can be subdivided
into 3 distinct entities with different clinical and bio-
logical characteristics (6—9 ): (a) teratomas and yolk sac
tumors of newborns and infants, (b) seminomas and
nonseminomas of adolescents and young adults, and
(¢) spermatocytic seminoma of the elderly. Seminomas
and nonseminomas in adolescence and adulthood
were the focus of attention when developing these
recommendations.

The incidence of testicular cancers varies consid-
erably in different countries. In the US about 7200 new
cases are diagnosed each year (4 ), and the age-adjusted
incidence is 5.2 per 100 000. The incidence is about
4-fold higher in white than in black men. In Europe,
the age-adjusted incidence is lowest in Lithuania (0.9
per 100 000), intermediate in Finland (2.5 per 100 000)
and highest in Denmark (9.2 per 100 000) (10). The
incidence in various European countries has in-
creased by 2%-5% per year. In the US the incidence
increased by 52% from the mid-1970s to the mid-1990s
(11). The cause of germ cell tumors is unknown,
but familial clustering has been observed, and cryp-
torchidism and Klinefelters syndrome are predispos-
ing factors (4).

At presentation most patients have diffuse testicu-
lar swelling, hardness, and pain. At an early
stage a painless testicular mass is a pathognomonic
finding, but testicular masses are most often caused
by infectious epididymitis or orchitis. The diagnosis
can usually be confirmed by ultrasonography. If testic-
ular cancer is suspected, the serum concentrations of
a-fetoprotein (AFP), human chorionic gonadotropin
(hCG), and lactate dehydrogenase (LDH) should be de-
termined before therapy. As a rule, orchiectomy
is performed before any further treatment, but may be
delayed until after chemotherapy in individuals with
life-threatening metastatic disease. After orchiectomy,
additional therapy depends on the type and stage of the
disease.

Surveillance is increasingly used for seminoma pa-
tients with stage I disease, but radiation to the retro-
peritoneal and ipsilateral pelvic lymph nodes, which is
standard treatment for stage Ila and IIb disease, is
also used, as is short (single)-course carboplatin (12).
About 4%-10% of patients relapse, and more than
90% of patients who relapse are cured by chemother-
apy. About 15%-20% of stage I seminoma patients un-
der surveillance have a relapse and must be treated with
chemotherapy. Patients with stage I nonseminomatous
tumors are treated by orchiectomy. After this treat-
ment, surveillance and nerve-sparing retroperitoneal

lymph-node dissection are accepted treatment op-
tions. About 20% of patients under surveillance will
have arelapse and require chemotherapy. Patients with
stage II nonseminomatous tumors are treated with ei-
ther chemotherapy or retroperitoneal lymph node dis-
section. Testicular cancer patients with advanced dis-
ease are treated with chemotherapy (4).

Serum tumor markers have an important role in
the management of patients with testicular cancer,
contributing to diagnosis, staging and risk assessment,
evaluation of response to therapy, and early detection
of relapse. Increasing marker concentrations alone
are sufficient findings for treatment initiation. AFP,
hCG, and LDH are established serum markers. In
most cases of NSGCT, serum levels of one or more of
these markers are increased, and in seminomas LDH
and hCG are useful indicators. Other markers have
been evaluated but provide limited additional clinical
information.

To prepare these guidelines, we reviewed the liter-
ature relevant to the use of tumor markers for testicular
cancer. Particular attention was given to reviews, pro-
spective randomized trials that included the use of mark-
ers, and guidelines issued by expert panels. Only one
relevant systematic review was identified. When pos-
sible, the consensus recommendations of the NACB
panel were based on available evidence, i.e., were evi-
dence based.

CURRENTLY AVAILABLE MARKERS FOR TESTICULAR CANCER
The most widely investigated tissue-based and serum-
based tumor markers for testicular cancer are listed in
Table 1. Also listed is the phase of development of each
marker as well as the level of evidence (LOE) for its
clinical use.

TUMOR MARKERS IN TESTICULAR CANCER: NACB
RECOMMENDATIONS

A summary of recommendations from representative
guidelines published on the use of tumor markers in
testicular cancer is presented in Table 2. This table also
summarizes the NACB guidelines for the use of mark-
ers in this malignancy. A number of groups have made
detailed recommendations regarding the management
of testicular cancer (13-21), with some of those re-
lating to tumor marker use summarized in Table 3.
Table 4 summarizes the prognostic significance of se-
rum tumor markers in metastatic testicular cancer, ac-
cording to the consensus statement of the International
Germ Cell Consensus Group Classification, which re-
mains the cornerstone for diagnosis and treatment of
testicular germ cell tumors. Below, we briefly review
the histological types of testicular cancer and present a
more detailed discussion on the markers listed in these
tables.

Clinical Chemistry 54:12 (2008) e13



Table 1. Currently available serum and tissue markers for testicular tumors.

Marker Proposed use

Established serum markers
AFP® Diagnosis
Prognosis/staging
Monitoring/surveillance
hCG Diagnosis
Prognosis/staging
Monitoring/surveillance
LDH

Potentially useful
experimental serum

Prognosis/staging

markers
hCGp Diagnosis/monitoring
LDH-1 Diagnosis/risk stratification
PLAP Diagnosis
Neuron-specific enolase Diagnosis

Established tissue markers

PLAP Histological typing ITGCNU

cKIT, stem cell factor Typing of seminoma and ITGCNU

receptor
CD30 Embryonal carcinoma
AFP Typing of yolk sac tumors and
embryonal carcinoma
hCG Typing of seminoma and

choriocarcinoma
Amplification of 12p Diagnosis of extragonadal tumors
Vascular invasion Risk stratification

0CT3/4, POUSF1 Risk stratification

2 LOE (120), level 1, evidence from a single, high-powered, prospective, controlled study that is specifically designed to test the marker, or evidence from a
meta-analysis, pooled analysis or overview of level Il or Il studies; level II, evidence from a study in which marker data are determined in relationship to prospective
therapeutic trial that is performed to test therapeutic hypothesis but not specifically designed to test marker utility; level IlI, evidence from large prospective studies;
level 1V, evidence from small retrospective studies; level V, evidence from small pilot studies.

5 AFP, a-fetoprotein; hCG, human chorionic gonadotropin; hCBp, free B-subunit of human chorionic gonadotropin; LDH, lactic dehydrogenase; NSE, neuron specific
enolase NSGCT, nonseminomatous germ cell tumors; PLAP, placental (germ cell) alkaline phosphatase.

Phase of development LOE? References
Generally available Il (4, 65,73, 89)
|
Il
Generally available I (4,89, 103)
|
I
Generally available | (63, 109)
Experimental [\ (96, 103)
Experimental vV (109)
Experimental \% (111, 112)
Experimental 1\ (116, 117)
Antibodies for IHC generally Il (24)
available
Antibodies for IHC available Il (28)
Antibodies for IHC generally IV (60, 519)
available
Antibodies for IHC generally I (24)
available
Antibodies for IHC generally I (24)
available
Limited availability I (107, 108)
Limited availability I (54)
Experimental \% (58)

HISTOLOGICAL TYPES OF TESTICULAR CANCER

In the most recent WHO-Mostofi classification (8, 22 ),
testicular cancers are subdivided into 2 major types,
seminomas and NSGCT, which differ with respect to
both marker expression and treatment. The incidence
of seminoma peaks in the fourth decade of life and that
of NSGCT in the third. Seminomas can be either pure
seminomas or the rare spermatocytic seminomas that
occur in older age groups. Most NSGCTs are a mixture
of histological types, i.e., embryonal carcinomas, cho-
riocarcinomas, teratomas, and yolk sac tumors. About
10%—-20% of the nonseminomas also contain a semi-
noma component. These are classified as combined tu-

e14 Clinical Chemistry 54:12 (2008)

mors according to the British classification (23 ), but as
nonseminomas according to the WHO classification
system (22 ). Teratomas are further subdivided as ma-
ture or immature. Somatic cancers of various types oc-
casionally develop from a teratoma and are classified as
nongerm cell malignancies. Metastases may contain
any component occurring in the primary tumor, and
occasionally components not detected in the primary
tumor (22 ). Fewer than 10% of NSGCT contain a sin-
gle tissue type, and all histological types of tissue should
be described (24 ).

The precursor lesion of testicular seminomas
and nonseminomas is carcinoma in situ (25 ), also re-
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Table 2. Recommendations for use of tumor markers in testicular cancer by different expert groups.
NACB 2008
EAU® 2001 EGTM 1999 ESMO 2007 (177) NACB 2002 NCCN 2007
(14) (13) and 2008 (27) (15) (18) Recommendation SOR®
AFP and hCG
For screening No No No No No No A
For diagnosis/case finding Yes Yes Yes Yes Yes Yes B
For staging/prognosis Yes Yes Yes Yes Yes Yes A
For detecting recurrence Yes Yes Yes Yes Yes Yes A
For monitoring therapy Yes Yes Yes Yes Yes Yes A
AFP
For differential diagnosis Yes Yes Yes Yes Yes Yes A
of NSGCT
LDH
For diagnosis/case finding Yes Yes Yes Yes Yes Yes B
For staging/prognosis Yes Yes Yes Yes Yes Yes A
For detecting recurrence Yes Yes Yes Yes Yes Yes B
For monitoring therapy Yes Yes Yes Yes Yes Yes B
@ EAU, European Association of Urologists; ESMO, European Society of Medical Oncology.
5 SOR (520), A, high (further research is very unlikely to change the panel’s confidence in the estimate of effect); B, moderate (further research is likely to have
an important impact on the panel’s confidence in the estimate of effect and is likely to change the estimate); C, low (further research is very likely to have an
important effect on the panel’s confidence in the estimate of effect and is likely to change the estimate); D, very low (any estimate of effect is very uncertain).

ferred to as intratubular germ cell neoplasia unclassi-  testis in close proximity to the Sertoli cells, the nursing
fied (ITGCNU) and testicular intratubular neoplasia. cells of spermatogenesis (26 ). The carcinoma in situ
Carcinoma in situ cells are found within the spermato-  cells can be detected in the adjacent parenchyma of most

gonial niche of the seminiferous tubule in the adult  invasive tumors and are more frequently associated with

Table 3. Recommended frequency of tumor marker measurements in the follow-up of testicular cancer patients (16).

Frequency of tumor marker measurements per year

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6-10

Stage | seminoma after radiotherapy 4 3 3 2 2

Stage | seminoma surveillance after 6 4 3 2 2 1
chemotherapy

Stage | NSGCT surveillance 67 4° 2 2 2 ¢

Stage | NSGCT after RPLND or 6 3 2 2 2 ¢
adjuvant chemotherapy

Stage lla-llb seminoma after 6 4 3 2 2 1
radiotherapy

Stage lla-IIB NSGCT after RPLND 4 2 2 2 2 1
and chemotherapy or primary
chemotherapy

Seminoma and NSGCT of advanced 12 6 4 3 2 1
stage

@ Measurements every 2 months recommended; measurements every month for the first 6 months advisable.
b Measurements every 3 months recommended; measurements every 2 months advisable.

€ Measurement once a year advisable.

9 RPLND, retroperitoneal lymph node dissection.
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Table 4. Classification of metastatic germ cell tumors into various risk groups according to the International
Germ Cell Consensus Classification (66).%

Good prognosis

Nonseminoma
Testis/retroperitoneal primary
and
No nonpulmonary visceral metastases
and
Good markers

AFP <1000 ug/L and hCG <5000 U/L
(1000 pg/L) and LDH <1.5 X NP

56% of nonseminomas
5-Year PFS 89%
5-Year survival 92%

Intermediate prognosis

Seminoma
Any primary site
and
No nonpulmonary visceral metastases
and
Normal AFP, any hCG, any LDH

90% of seminomas
5-Year PFS 82%
5 Year survival 86%

Nonseminoma
Testis/retroperitoneal primary
and
No nonpulmonary visceral metastases
and
Intermediate markers

AFP >1000 and <10 000 ug/L or
hCG >5000 U/L and <50 000 U/L or
LDH >1.5 X N and <10 X N

28% of nonseminomas
5-Year PFS 75%
5-Year survival 80%

Poor prognosis

Seminoma
Any primary site
and
No nonpulmonary visceral metastases
and
Normal AFP, any hCG, any LDH

10% of seminomas
5-Year PFS 67%
5-Year survival 72%

Nonseminoma
Mediastinal primary
or
Nonpulmonary visceral metastases
or
Poor markers

AFP >10000 pg/L or hCG >50 000 U/L
(10000 pg/L or LDH >10 X N

16% of nonseminomas
5-Year PFS 41%
5-Year survival 48%

@ Table adapted from (66) and reproduced with permission.
5N, upper limit of normal; PFS, progression-free survival.

Seminoma

No patients classified as poor prognosis

NSGCTs than with seminomas (27). ITGCNU is con-
sidered to be the premalignant counterpart of an em-
bryonic germ cell, most likely a primordial germ cell
or gonocyte. This theory is supported by multiple
findings, including epidemiology, morphology, im-
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munohistochemistry, and molecular characterization
(28, 29).

Recent data indicate that infertile men with bi-
lateral microlithiasis have an increased risk (up to
20%) of developing testicular seminomas and NSGCTs
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(30). Surgical biopsy to assess the presence of ITGCNU
(31) is indicated in this condition.

Tissue Markers for Testicular Cancer

GENETIC ABERRATIONS

A gain of chromosomal 12p sequences is observed in
germ cell tumors both of testicular and extragonadal
origin, a finding that indicates that gain of 12p se-
quences may be of crucial importance for the develop-
ment of this cancer. Indeed, this finding is used to
diagnose germ cell tumors at extragonadal sites (32).
The expression level of 12p sequences, however, does
not correlate with stage of the disease or treatment
sensitivity/resistance (33—35 ). The crucial determinant
of response to cisplatin-based compounds appears to
occur downstream of DNA binding in the intrinsic or
extrinsic pathways of apoptosis or DNA repair (36-38).

Although the majority of germ cell tumors show
an intact DNA mismatch-repair pathway, a defect lead-
ing to microsatellite instability (MSI) has been ob-
served in tumors refractory to cisplatin (39—41 ). Other
potentially relevant findings in the context of treat-
ment sensitivity and resistance relate to a possible de-
fect in caspase 9 function (42). All these factors might
be important, and it is unlikely that a single factor de-
termines treatment sensitivity or resistance. The multi-
factorial nature of treatment response is illustrated by
the finding that mature teratomas are resistant to var-
ious DNA-damaging treatment protocols (38 ), possi-
bly due to epigenetic changes occurring during somatic
differentiation.

The majority of invasive seminomas and nonsemi-
nomas contain additional copies of the X chromosome
(43). This finding is interesting, because during nor-
mal (female) development, X-chromosome inactiva-
tion can occur in these tumors, in which X (inactive)-
specific transcript (non-protein coding) (XIST)*® is the
regulatory gene (6). Detection of unmethylated XIST
DNA in plasma has been suggested to be useful for
molecular diagnosis and the monitoring of testicular
GCT-patients (44). This observation merits further
investigation.

28 Human genes: XIST, X (inactive)-specific transcript (non-protein coding); RBI,
retinoblastoma 1; APC, adenomatous polyposis coli; MLH1, mutL homolog 1, colon
cancer, nonpolyposis type 2 (E. coli); MSH2, mutS homolog 2, colon cancer,
nonpolyposis type 1 (E. coli); MSH6, mutS homolog 6 (E. coli); PMS2, postmeiotic
segregation increased 2 (S. cerevisiae); HER-2 and NEU, aliases for ERBB2 [v-erb-b2
erythroblastic leukemia viral oncogene homolog 2, neuro/glioblastoma derived
oncogene homolog (avian)]; BRCA1, breast cancer 1, early onset; BRCA2, breast
cancer 2, early onset; BRAF, v-raf murine sarcoma viral oncogene homolog B1;
KRAS, v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog; B-catenin; PTEN,
phosphatase and tensin homolog; MUC16, mucin 16, cell surface associated;
prostasin [alias for PRSS8 (protease, serine, 8)]; AKT2, v-akt murine thymoma viral
oncogene homolog 2; RSF-1, remodeling and spacing factor 1; NAC-1 [alias for
NACCT (nucleus accumbens associated 1, BEN and BTB (POZ) domain containing)];
PCA3, prostate cancer antigen 3 (non-protein coding).

A number of studies have linked the development
of germ cell tumors to a deregulated G,/S checkpoint,
possibly related to the lack of a functional retinoblas-
toma [retinoblastoma 1 (RBI) gene] cell cycle regula-
tor (45 ), and consequently no upregulation of p21 after
induction of DNA damage. Cells without p21 show re-
duced cisplatin-induced DNA damage-repair capacity
and increased sensitivity to cisplatin (46). The treat-
ment-resistant mature teratomas show, in contrast to
other invasive components, positive staining for mul-
tiple proteins potentially related to treatment resis-
tance. In addition, they are positive for RBI and p21,
allowing them to go into G,/S cycle arrest (47, 48).
These characteristics might explain the observation
that residual mature teratoma is found in about
30%—-40% of remnants of initial metastases after
chemotherapy.

A predictive model for the histology of a residual
retroperitoneal mass, based on primary tumor histol-
ogy, prechemotherapy markers, mass size, and size re-
duction under chemotherapy, has been developed
(49 ). Absence of teratoma elements or viable cancer
cells in the primary tumor has been identified as the
most powerful predictor for benign residual tissue
(50). Caution is warranted, however, because small
teratoma areas may be missed in the primary tumor,
and absence of teratoma elements does not exclude oc-
currence of malignant cells in residual masses. These
findings may again be related to the origin of these
tumors (51 ), because RBI expression is not found in
human fetal gonocytes or ITGCNU (52, 53).

VASCULAR INVASION
Particular attention must be paid to the presence or
absence of vascular invasion as a predictor of meta-
static spread and occult metastases (54 ). Distinguish-
ing venous from lymphatic invasion does not add in-
formation as to the risk of occult metastasis. Besides
vascular invasion, high proliferative activity (assessed
with the monoclonal antibody MIB-1), and to a lesser
extent the presence of embryonal carcinoma in the pri-
mary tumor and a high pathologic stage, have been
reported to be predictors of systemic spread in clinical
stage I NSGCT ([for review, see (55)]. However, the
predictive value of this model is limited, because the
group defined as high risk in fact has a 50% risk of
occult metastasis, and the low risk group a 16% risk.
Prospective assessment of risk factors for relapse in
clinical stage I NSGCT also showed that vascular inva-
sion was the strongest predictive factor (56 ). With the
addition of 2 other risk parameters (MIB-1 score
>70% and embryonal carcinoma =50%), the positive
predictive value increased to 63.6%. Thus, even with an
optimal combination of prognostic factors and refer-
ence pathology, more than one-third of patients pre-
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Table 5. Analytical requirements and potential interfering factors for established and experimental serum

markers for germ cell tumors.

Analytical requirements

Detection limit <2 U/L; cross-reaction
with LH <2%, equimolar recognition
of hCGP (or use of separate assay for

Reference values are method dependent,
clinical decision limits based on upper

Confounding factors

Hepatitis, heterophilic antibodies, drug-
induced hepatic damage,
hepatocellular cancer

Chemotherapy-induced elevation of hCG
to >10 U/L, heterophilic antibodies,
nontrophoblastic cancers producing
hCGp

Elevated values also caused by
hemolysis, liver disease, muscle
disease, myocardial infarction

Reference values method dependent
Reference values method dependent

Reference values method dependent

@ AFP, a-fetoprotein; hCG, human chorionic gonadotropin; hCGp, free B-subunit of human chorionic gonadotropin; hCGe, free a-subunit of human chorionic

Marker Sample type
Established markers
AFP? Serum or plasma  Detection limit <1 ug/L
hCG Serum or plasma,
urine to
confirm
results hCGp)
LDH Serum
reference limit
Experimental markers
hCGB Serum or plasma  Detection limit 0.5 pmol/L
LDH-1 Serum
PLAP Serum
Neuron-specific enolase ~ Serum
gonadotropin; LDH, lactic dehydrogenase; PLAP, placental (germ cell) alkaline phosphatase.

Nontrophoblastic cancers

Hemolysis, muscle disease, heart
disease

Smokers may have 10-fold increased
values

Hemolysis causes falsely elevated values

dicted to have pathologic stage II or a relapse during
follow-up will not have metastatic disease and will be
over-treated with adjuvant therapy. On the other hand,
patients at low risk can be predicted with better accu-
racy (86.5%), suggesting that surveillance may be an
option for highly compliant patients. Recently, cluster
analysis has been used to identify prognostic subgroups
in patients with embryonal carcinoma (57).

Serum Markers for Testicular Cancer

MARKER EXPRESSION AND TUMOR TYPE
Certain markers have been found to be informative for
the classification of seminomas and NSGCT. Placental/
germ cell alkaline phosphatase (PLAP) is detected in
most seminomas and embryonal carcinomas and in
50% of yolk sac tumors and choriocarcinomas, but only
rarely in teratomas. HCG is expressed by syncytiotropho-
blasts, choriocarcinoma, and approximately 30% of sem-
inomas. Of the other tissue markers, the stem cell factor
receptor (c-KIT) has been used mainly to detect ITGCNU
and seminoma, CD30 to detect embryonal carcinoma,
and AFP to detect yolk sac tumors and a 10%—20% sub-
set of embryonal carcinomas and teratomas. Recently,
a potentially valuable marker, OCT3/4, also known as
POUS5F]I, has been identified (58—61 ).

Although a large number of serum markers have
been studied, only hCG, AFP, and LDH have thus far
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been shown to have independent diagnostic and prog-
nostic value (Tables 1 and 2). The clinical value of other
markers remains to be established. Table 5 summarizes
analytical limitations of the assays available for some of
the most important established and experimental tu-
mor markers. The implications of these limitations for
tumor marker use in routine clinical practice are dis-
cussed in greater detail below.

CLINICAL APPLICATIONS OF SERUM TUMOR MARKERS IN
TESTICULAR CANCER

Diagnosis. Patients with a testicular germ cell tumor may
present with a painless testicular mass, while others also
have symptoms caused by metastatic disease. The clinical
workup comprises physical examination, ultrasound of
the testis, and computerized tomographic scan of the pel-
vis, abdomen, and chest (62 ). Determination of hCG,
AFP, and LDH in serum before therapy is mandatory in
all patients. The marker concentration in serum is depen-
dent on histological type and tumor load, i.e., stage. In a
recent large collaborative study 64% of the tumors were
NSGCT, and 36% were seminomas (63 ). Of the latter,
77% of patients presented with stage I disease, i.e., tumor
localized to the testis, and 21% had increased serum levels
of hCG. Of those with NSGCT, 52% had stage I disease
and 79% had increased marker levels [both hCG and AFP
increased in 44%, only AFP in 26%, and only hCG in 9%
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(63)]. In seminoma patients, hCG concentrations are
usually below 300 U/L. Levels >1000 U/L are mostly as-
sociated with NSGCT. Levels >10000 U/L are mainly
seen in patients with pure choriocarcinoma but occasion-
ally may occur in seminoma. LDH is increased in 40%—
60% of patients with seminoma or NSGCT (64). The
classification of a tumor is based on histological examina-
tion, but if serum AFP is increased, a tumor classified as a
seminoma is reclassified as NSGCT and treated accord-

ingly (4).

NACB TESTICULAR CANCER PANEL RECOMMENDATION 1:
TUMOR MARKERS IN THE DIAGNOSIS OF
TESTICULAR CANCER
When testicular cancer is suspected, pretreatment
determination of hCG, AFP, and LDH is manda-
tory (Table 2) [LOE, II; strength of recommenda-

tion (SOR), B].

STAGING, RISK STRATIFICATION, AND SELECTION OF THERAPY
Increased serum concentrations of AFP, hCG, and
LDH are associated with adverse prognosis (65, 66 ). A
high serum hCG concentration is a strong prognostic
factor, and the risk of recurrence increases with in-
creasing concentration (67). The International Germ
Cell Cancer Collaborative Group has incorporated se-
rum concentrations of hCG, AFP, and LDH in a scheme
for classification of metastatic germ cell tumors (Table
4). Tumors are classified as having good, intermediate,
or poor prognosis on the basis of marker levels, pri-
mary site of the tumor, and presence or absence of non-
pulmonary visceral metastases (66 ).

The selection of treatment is based on tumor
type and prognostic group. Stage I seminomas may be
treated by orchiectomy alone, which leads to cure in
80%-85% of the cases. Orchiectomy in combination
with radiotherapy of the abdominal lymph nodes
leads to cure in 97%-99% of the cases, and this ap-
proach is routinely used in many centers. Without ra-
diotherapy 15%—20% of the patients relapse, but most
of these are cured by second line therapy. Therefore
surveillance at increased frequency is an alternative to
radiotherapy.

When treated by orchiectomy only, patients with
stage I NSGCT have a 30% risk of relapse. The risk is
higher (50%) if perivascular infiltration is present
than if it is absent (risk 15%-20%). The relapse risk is
very low if retroperitoneal lymph node dissection is
performed in connection with primary therapy. This
procedure is associated with morbidity and therefore
surveillance is used as an alternative to retroperitoneal
lymph node dissection. Chemotherapy is another al-
ternative to retroperitoneal lymph node dissection but
patients who undergo chemotherapy often have resid-

ual retroperitoneal tumors consisting of teratomas,
which must be treated by surgery. If serum marker lev-
els do not normalize or increase after retroperitoneal
lymph node dissection, positive retroperitoneal lymph
nodes or systemic disease requiring chemotherapy are
most likely present (68, 69 ).

FURTHER RISK STRATIFICATION

Embryonal carcinoma is the most common cell type in
NSGCT. Embryonal carcinoma is totipotential, and tu-
mors with pure embryonal carcinoma are associated
with early metastatic disease. Therefore, more accurate
estimation of prognosis is needed for tumors contain-
ing this cell type. Cluster analysis of the serum markers
AFP and hCG in combination with the tissue markers
P53, Ki67, and apoptosis index suggest that a pattern
with high Ki67, low apoptosis, and low p53 is associ-
ated with better survival than other patterns. Classifi-
cation with this algorithm has been reported to be in-
dependent of the International Germ Cell Collaborative
Group Classification (67). Confirmation of these re-
sults could provide a tool for more precise tailoring of
therapy.

NACB TESTICULAR CANCER PANEL RECOMMENDATION 2:
TUMOR MARKERS IN THE STAGING OF TESTICULAR CANCER
Measurement of hCG, AFP, and LDH is mandatory
for staging and risk stratification according to the
International Germ Cell Consensus Classification
(Table 4) [LOE, I; SOR, A].

MONITORING OF RESPONSE TO THERAPY

If AFP or hCG in serum is increased before therapy, the
rate of marker decline reflects the response to therapy.
Persistent marker elevation after chemotherapy indi-
cates residual disease and the need for further therapy
(70, 71). Chemotherapy may induce a transient in-
crease or surge in marker concentrations during the
first week of treatment (72).

In the absence of residual disease after orchidec-
tomy, the half-life of hCG is approximately 1.5 days
and that of AFP 5 days (73, 74 ). During chemotherapy,
half-lives >3.5 days for hCG or >7 days for AFP pre-
dict recurrence and adverse prognosis (75). Marker
half-life is calculated from the slope of the logarithm of
the marker concentration vs time. It is preferable to use
marker concentrations from several time points and to
calculate the half-life from the slope of the regression
line (64). The half-life should be determined after the
initial marker surge during 2 cycles of chemotherapy
between days 7 and 56. A slow rate of marker decline is
of potential use in poor-risk patients and may imply a
need for more aggressive therapy (75).

Clinical Chemistry 54:12 (2008) e19



NACB TESTICULAR CANCER PANEL RECOMMENDATION 3:
TUMOR MARKERS IN MONITORING RESPONSE TO
TREATMENT IN PATIENTS WITH TESTICULAR CANCER
If raised before therapy, serum markers (AFP, hCG,
and/or LDH) should be monitored weekly until
concentrations are within the reference interval.
Wherever possible, the marker half-life should be
determined. Marker levels exceeding the upper ref-
erence limit after therapy suggest residual disease,
which should be confirmed or excluded by other

methods [LOE, II; SOR, A].

SURVEILLANCE
After successful primary therapy, all patients are mon-
itored with physical examination, tumor marker deter-
minations and computed tomographic scan. With
such surveillance, relapse is in most cases detected
before clinical symptoms appear. Most relapses occur
within the first year and relapses after 2 years are rare
butin some cases relapse may occur even after 10 years.
The surveillance is tailored to take into account tumor
type, stage, treatment, and likelihood of relapse (Table
3). Patients with low-risk disease treated with surgery
alone are monitored most frequently, e.g., every 1-2
weeks during the first 6 months. Some centers recom-
mend weekly monitoring to detect a relapse before the
tumor grows to a size associated with adverse progno-
sis, as estimated by serum concentrations of AFP >500
kU/L and of hCG >1000 U/L (76). In all patients,
monitoring is continued for 5 years (16 ).

NACB TESTICULAR CANCER PANEL RECOMMENDATION 4:
TUMOR MARKERS IN SURVEILLANCE OF PATIENTS WITH
TESTICULAR CANCER
Serial monitoring with AFP, hCG, and LDH is rec-
ommended even when these are not raised before
therapy, because marker expression can change
during therapy. Frequency of measurement de-
pends on the stage and pathology of disease but
should be determined according to agreed proto-
cols (e.g., as in Table 3). Because baseline levels are
individual, increases are more important than ab-
solute concentrations. A single increasing value
must be confirmed with a second sample and the
possibility of transient elevation due to nonspecific
interference (e.g., iatrogenic hypogonadism)

should be actively considered [LOE, II; SOR, A].

ANALYTICAL CONSIDERATIONS

Tumor marker measurements are mandatory in the
management of testicular cancer patients. It is there-
fore appropriate to review analytical requirements for
these important tests in more detail.
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a-FETOPROTEIN

Biochemistry and biology. AFP is a homolog of albumin
and is thought to act as a carrier protein in the fetus.
During pregnancy, AFP is initially produced by the
yolk sac and later by the fetal liver (77 ). Concentrations
in fetal plasma reach levels of 3 g/L in the week 12—14 of
pregnancy and decrease thereafter to 10-200 mg/L at
term (78 ). After birth, circulating concentrations de-
crease, with a half-life of 5 days, falling to adult levels at
8—10 months of age (79, 80). The high values that are
normal in early childhood must be remembered when
using AFP as a marker for testicular yolk sac tumors,
which are the most common testicular neoplasms in
infants (81, 82).

Assay methods, standardization, and reference values.
AFP is quantified by 2-site immunometric assays em-
ploying monoclonal antibodies or combinations of
monoclonal and polyclonal antibodies. Results are
generally comparable to those obtained with the com-
petitive radioimmunoassay (RIA) format used previ-
ously. The WHO standard 72/225, in which 1 Interna-
tional Unit (U) of AFP corresponds to 1.21 ng, is used
for calibration. Laboratories report values in mass units
(ng/mL or pg/L) or kKU/L. Reference values should be
established for each assay to reflect differences in assay
bias. Most centers quote an upper reference limit for
AFP in the range of 10-15 ug/L. Circulating concen-
trations increase slightly with age; in one study the up-
per reference limit increased from 9.3 kU/L in patients
younger than 40 years to 12.6 kU/L in those older than
40 years (83).

False-positive results. Rising levels of serum AFP indi-
cate persistent germ cell tumor, even in the absence of
radiographic evidence of disease, provided other pos-
sible causes can be excluded (see below) (4 ). Moder-
ately increased AFP levels may persist even after che-
motherapy, particularly when persistent disease has a
large cystic component, serving as a reservoir leaking
AFP into the circulation (84). Increased serum con-
centrations of AFP occur in most hepatocellular carci-
nomas and 10%—-30% of other gastrointestinal cancers,
but these diseases are rare in patients with testicular
cancer. Increased AFP values may not reflect cancer,
and it is therefore important to identify positive results
caused by other diseases and by nonspecific interfer-
ence. Benign liver disease, in particular hepatitis, and
liver damage induced by chemotherapy are often asso-
ciated with moderately increased serum AFP levels,
and may result in misinterpretation especially if levels
are rising (85, 86 ).

The carbohydrate compositions of AFP derived
from the liver and the yolk sac are different (87 ). Lectin
binding can differentiate increased levels caused by tes-
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ticular cancer and liver disease (88 ), but such methods
are not routinely used. Patients who initially have in-
creased AFP levels may have normal levels during a
relapse if therapy has eliminated AFP-producing ele-
ments but not all other components (89 ). Moderately
increased values that remain stable do not usually indi-
cate relapse (86 ).

NACB TESTICULAR CANCER PANEL RECOMMENDATION 5:
ANALYTICAL REQUIREMENTS FOR MEASUREMENT OF AFP
AFP methods should be calibrated against WHO
Standard 72/225 and the units in which results are
reported (ug/L or kU/L) clearly stated. The detec-
tion limit for AFP assays should be =1 ug/L (i.e.,
=0.8 kU/L). Reference values should be established
to reflect method bias. AFP may be raised due to
benign diseases, malignancies other than testicular
cancer, or nonspecific interferences, and these pos-
sibilities must be considered when interpreting re-

sults [LOE, not applicable; SOR, A].

hCG AND hCGB

Biochemistry and biology. hCG is a member of the gly-
coprotein hormone family, which includes luteinizing
hormone, follicle-stimulating hormone and thyroid
stimulating hormone. All 4 contain a common a-sub-
unit. The distinct B-subunits confer biological activity
and display various degrees of homology, with that be-
tween the B-subunits of luteinizing hormone and hCG
(hCGp) being about 80%. hCGf3 contains a 24—amino
acid C-terminal extension not present in luteinizing
hormone 3, so antibodies to this part of the molecule
are specific for hCG. Although the subunits lack hCG
activity, hCGf3 has been shown to enhance the growth
of tumor cells in culture by preventing apoptosis (90).
hCG is expressed at very high concentrations by the
placenta and trophoblastic tumors, including chorio-
carcinoma of the testis. hCG is heavily glycosylated,
hCGp containing 6 and hCGa 2 carbohydrate chains.
The glycosylation of hCG secreted by tumors is often
different from that of hCG found in pregnant women.
An antibody, B152, detects only a hyperglycosylated
variant of hCG. This form predominates in early
pregnancy and is possibly more cancer-specific than
“normal” hCG (91).

Nomenclature, assay methods, standardization, and ref-
erence values. Specific determination of hCG is based
on antibodies reacting with hCGp (92 ). This practice
has caused confusion in the nomenclature of hCG as-
says: the expressions “B-hCG” or “hCG-f assay” may
denote assays measuring both hCG and hCGp or only
hCGp. According to the nomenclature recommended
by the IFCC, hCG denotes the intact a3 heterodimer,

hCGp the free B-subunit, and hCGa the free a-subunit
(93 ). Assays should be defined according to what they
measure, i.e., hCG and hCGp separately or hCG and
hCGp together (64, 94).

Assays for hCG are currently calibrated against the
Fourth International Standard (IS 75/589), in which
concentrations are expressed in International Units
(IU) based on bioactivity. It is difficult, however, to
compare concentrations of hCG with those of hCGf3
and hCGa, which are expressed in different arbitrary
units of the relevant International Standards (IS 75/551
and IRP 75/569, respectively). Recently established
WHO Reference Reagents have values assigned in mo-
lar concentrations, which should facilitate direct com-
parison of hCG and hCGf3 concentrations in the future
(93, 95).

Because seminomas may produce solely hCGf3
and not intact hCG, it is essential that both hCG and
hCGp are measured when monitoring testicular cancer
(14, 96 ) Recommendations about antibody combina-
tions that recognize most important forms of hCG-
related isoforms and are appropriate for use in oncol-
ogy have been published (94 ). Assays recognizing both
hCG and hCGp often use antibodies to epitopes on the
C-terminal peptides of hCGp, but the relatively low
affinities of these antibodies may limit assay sensitivity
(94). Theoretically it should be possible to improve
detection of testicular cancer by using separate assays
for hCG and hCGp (64, 96) but this remains to be
confirmed.

hCQG is secreted at low levels by the pituitary, pro-
ducing plasma levels that are measurable by sensitive
methods. The serum concentrations may increase with
patient age, particularly in women after menopause
(97, 98). For most assays, the upper reference limit of
hCG is stated to be 5-10 U/L. When determined by
ultrasensitive methods, the upper limit in postmeno-
pausal women is 5 U/L and in menstruating women is
3 U/L. The upper reference limit for men younger than
50 years is 0.7 U/L and for men older is 2.1 U/L (98).
Cutoff values lower than the commonly used 5-10 U/L
can be used to diagnose patients with testicular cancer.
However, although most men with testicular cancer
are young, their hCG levels may be increased due to
testicular malfunction. Therefore diagnosis of active
disease in a patient with a history of a germ cell tumor
requires sequential determinations and rising values.
The detection limit of most commercial assays does
not allow reliable measurement of levels below 5 U/L
and the utility of ultrasensitive assays and lower cutoff
values needs to be determined (64). When expressed
in molar concentrations, 5 U/L of hCG corresponds to
15 pmol/L. The upper reference limit for hCGp is
2 pmol/L and is independent of age and sex (98).
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Specificity and confounding factors. It is important to
note that chemotherapy often causes gonadal suppres-
sion that increases the hCG levels. Such hypogonadism
can also be spontaneous. This can be confirmed by
measurement of serum luteinizing hormone and folli-
cle-stimulating hormone and, when necessary, sup-
pression with testosterone replacement (99). There-
fore, hCG levels increasing from below 2 up to 5-8 U/L
during chemotherapy are often iatrogenic and do not
necessarily indicate relapse. Moderately increased lev-
els of hCG may be of pituitary origin, especially if ac-
companying serum levels of luteinizing hormone and
follicle-stimulating hormone exceed 30-50 U/L, and
are attributed to interrupted feedback inhibition from
the gonads. This can be confirmed by short-term tes-
tosterone treatment, which suppresses pituitary secre-
tion of hCG (100, 101 ).

Nontrophoblastic tumors may in extremely rare
cases produce hCG, whereas hCGp is often expressed
at moderate levels by a large variety of tumors, includ-
ing ovarian, gastrointestinal, bladder, lung, and head
and neck cancers (101 ). Some patients with such tu-
mors will have increased hCG levels when measure-
ment is carried out by an assay recognizing both hCG
and hCGp.

Falsely increased results for serum hCG can be
caused by heterophilic antibodies. This phenomenon
has been reported only in women (102 ) but there is no
reason why it should not also occur in men. False-
positive results can be identified by analysis of hCG in
urine or by repeating the assay after adding a blocking
agent (e.g., nonimmune mouse IgG) to the sample to
block the interference (64, 102 ).

Apparently false-negative results will be obtained
with assays measuring only hCG if the tumor produces
hCGp but not hCG. Although this situation is more
common in seminoma patients (103 ), it may also oc-
cur in NSGCT patients (104 ).

NACB TESTICULAR CANCER PANEL RECOMMENDATION 6:
ANALYTICAL REQUIREMENTS FOR MEASUREMENT OF HCG
It is essential that both hCG and hCG be measured
when using hCG to monitor testicular cancer pa-
tients, either using a method recognizing a broad
spectrum of hCG-related isoforms or separate spe-
cific assays. hCG and hCGp should be recognized
on an equimolar basis with a detection limit of =1
U/L. IFCC hCG nomenclature should be used to
describe the method used. The possibility of inter-
ferences (e.g., from heterophilic antibodies) and
transient increases (e.g., due to chemotherapy)
must be considered when interpreting hCG results

[LOE, not applicable; SOR, A].
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LACTATE DEHYDROGENASE

Biochemistry and biology. LDH in the circulation exists
as a tetramer that may contain various combinations of
2 subunits, LDH-A and LDH-B. The various subunits
can combine in 5 isoenzymes, LDH-1 [consisting of 4 B
subunits (B,)], LDH-2 (B,A,), LDH-3 (B,A,), LDH-4
(B,A;), and LDH-5 (A,). The gene encoding LDH-A is
located on chromosome 11, whereas the gene for
LDH-B is located on the short arm of chromosome 12
(i.e., 12p) (105 ). Interestingly, all invasive seminomas
and NSGCTs show additional copies of this chromo-
somal arm (106 ), suggesting that it may play a role in
disease progression. No gain of 12p is detected in
ITGCNU (107, 108). A correlation between copy
number of 12p, tumor invasiveness, and the serum
level of LDH-1 has been reported, but thus far the rel-
evant 12p-genes have not been identified (109). Al-
though theoretically interesting, these findings need to
be confirmed.

Specificity and confounding factors. Serum concentra-
tions of LDH are measured enzymatically and the val-
ues are method-dependent. The degree of elevation is
therefore most conveniently expressed relative to the
upper reference limit. LDH-1 can be determined by
zymography or by immunoprecipitation of the other
isoenzymes and determination of residual catalytic ac-
tivity. LDH is expressed in many tissues and increased
levels may be caused by a wide variety of diseases. De-
spite its lack of specificity, LDH is a useful marker, es-
pecially for staging of seminoma and NSGCT (108).
Hemolysis may cause falsely increased values and
should be avoided.

NACB TESTICULAR CANCER PANEL RECOMMENDATION 7:
ANALYTICAL REQUIREMENTS FOR MEASUREMENT OF LDH
Because LDH is measured enzymatically and the
values are method dependent, the degree of eleva-
tion should be expressed relative to the appropriate
upper reference limit. Care must be taken to avoid
hemolysis, which may cause falsely increased values

[LOE, not applicable; SOR, A].

PLACENTAL ALKALINE PHOSPHATASE

Biochemistry and biology. A tumor-associated isoen-
zyme of alkaline phosphatase was first described in a
patient with lung cancer and later detected in serum of
patients with other cancers and identified as placental
alkaline phosphatase (PLAP) (110). In fact, 2 genes en-
code the proteins detected as PLAP activity, i.e., the
placental (PLAP) and germ cell enzymes. Both genes
map to chromosome 2 and the proteins cannot be dis-
tinguished from each other using routine enzymatic or



Special Report

Table 6. NACB recommendations for the clinical use of PSA serum markers in the management of prostate

from benign prostatic disease
when total PSA is 2-10 ug/L

cancer.
NACB
recommendations

Marker Application (2008) LOE? SORP References
PSA Screening No M B (136, 183, 521, 522)

Early detection (with DRE) Yes I B (136, 183, 521, 522)

Early detection, age-specific No Expert opinion B (146)

reference ranges

Staging/prognosis Yes I B (193, 201, 205, 206, 523-526)

Surveillance/monitoring Yes 1l B (527, 528)
%fPSA Differentiation of prostate cancer Yes 11l B (160, 529)

2LOE (120), level 1, evidence from a single, high-powered, prospective, controlled study that is specifically designed to test the marker, or evidence from a
meta-analysis, pooled analysis or overview of level Il or Il studies; level II, evidence from a study in which marker data are determined in relationship to prospective
therapeutic trial that is performed to test therapeutic hypothesis but not specifically designed to test marker utility; level IlI, evidence from large prospective studies;
level 1V, evidence from small retrospective studies; level V, evidence from small pilot studies.

b Strength of recommendation (520): A = High [Further research is very unlikely to change the Panel's confidence in the estimate of effect]; B = Moderate [Further research
is likely to have an important impact on the Panel’s confidence in the estimate of effect and is likely to change the estimate]; C = Low [Further research is very likely
to have an important effect on the Panel’s confidence in the estimate of effect and is likely to change the estimate]; D = Very low [Any estimate of effect is very uncertain.]

immunohistochemical methods (111). PLAP is in-
creased most frequently in patients with seminoma
(60%—-70%) (112, 113) and less frequently in those
with other germ cell tumors, including ITGCNU (24).
An enzymatic method can be used to detect ITGCNU
cells in frozen tissue sections (114 ).

Assay methods, standardization, and reference values.
PLAP has usually been determined by zymography but
it can be also be measured by immunoassay or enzy-
matically after immunocapture (113). The result
should be compared with locally determined reference
values. Because of homology with other alkaline phos-
phatase isoenzymes, antibody selection is critical.
However, the antibodies available so far cannot distin-
guish between the PLAP and germ cell alkaline phos-
phatase isoenzymes. Therefore, PLAP denotes both of
these isoenzymes.

Specificity and confounding factors. Serum concentra-
tions of PLAP are increased up to 10-fold in smokers
and its measurement is therefore of little value in this
group (113 ). This fact and the paucity of commercial
assays limit its clinical application, and serum assays
for PLAP are not routinely included in the diagnostic
workup of testicular cancer patients.

OTHER MARKERS
Although pregnancy-specific -1 glycoprotein and
hCG are both expressed in trophoblastic cells, hCG is
the superior marker (115). Consequently, pregnancy-
specific B-1 glycoprotein is not routinely measured. Neu-
ron-specific enolase is increased in about 30%-50% of

patients with seminomas and less often in NSGCT pa-
tients (16, 116, 117 ), but in spite of these promising re-
sults the use of neuron-specific enolase is limited.

KEY POINTS: TUMOR MARKERS IN TESTICULAR CANCER

Tumor markers are of central importance in the diagno-
sis, staging, risk assessment, and monitoring of patients
with testicular cancer. Several serum markers have been
described but only AFP, hCG, and LDH have been thor-
oughly validated and shown to have independent prog-
nostic value. Several tissue markers may prove to be clin-
ically important in the diagnosis and classification of
testicular germ cell tumors. Germ cell tumors also display
typical chromosomal abnormalities and amplification of
12p is sufficiently characteristic to be useful in the clinic to
identify extratesticular germ cell tumors. Developments
in DNA-based diagnostics have revealed a number of
changes that may in the future enable more accurate strat-
ification of prognosis.

Tumor Markers in Prostate Cancer®>>°

BACKGROUND
Prostate cancer is the most common tumor in men in
the US. In 2007, 218 890 new cases and 27 050 deaths

29 NACB Prostate Cancer Sub-Committee members: Hans Lilja, Chair; Richard
Babaian; Barry Dowell; George Klee; Harry Rittenhouse; Axel Semjonow; Paul
Sibley; Lori Sokoll; and Carsten Stephen.

30 All comments received about the NACB Recommendations for Prostate Cancer
are included in the online Data Supplement. Prasad Bollina, Professor Fritz
Schréder, and Professor Hein von Poppel were invited expert reviewers.
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were predicted. Although prostate cancer is unequivo-
cally lethal in some patients, most men die with rather
than of their cancer (118). Autopsy data suggest that
42% of men older than 50 years old have cancerous foci
in their prostates but prostate cancer will be diagnosed
in only approximately 16% of men during their life-
time and only a quarter of these will die from it. Many
more men die with than of prostate cancer (119 ). Cur-
rent incidence rates of clinical disease are 15-fold
higher in the US than in Japan despite similar frequen-
cies of histological cancer. Hence, the far greater prev-
alence of histological than symptomatic cancer has
been cited to support a conservative, nonintervention-
ist approach to this disease. However, once prostate
cancer reaches advanced stages either locally or system-
ically with bone metastases, or becomes refractory to
hormone therapy, little if any therapeutic means for
cure are available.

The optimal management of patients with pros-
tate cancer requires the use of the tumor marker pros-
tate-specific antigen (PSA) in all instances and disease
states. The use of PSA-related isoforms is appropriate
in certain specific circumstances. Here we present new
National Academy of Clinical Biochemistry guidelines
on the use these and other serum-based tumor markers
in prostate cancer. A summary of relevant guidelines
published by other expert panels on this topic is also
provided.

To prepare these guidelines, the literature relevant
to the use of tumor markers in prostate cancer was
reviewed. Particular attention was given to reviews (in-
cluding systematic reviews), prospective randomized
trials that included the use of markers, and guidelines
issued by expert panels. Where possible, the consensus
recommendations of the NACB Panel were based on
available evidence, i.e., were evidence based.

CURRENTLY AVAILABLE MARKERS FOR PROSTATE CANCER
Commercially available PSA markers cleared by the
FDA for use in the management of patients with pros-
tate cancer are listed in Table 6, together with the phase
of development for each marker as well as the LOE for
their clinical use (120).

TUMOR MARKERS IN PROSTATE CANCER:

NACB RECOMMENDATIONS

Table 7 summarizes the NACB guidelines for the use of
PSA markers in prostate cancer together with recom-
mendations from other representative guidelines pub-
lished on the use of tumor markers in prostate cancer,
including recently published recommendations issued
by the United Kingdom National Institute for Health
and Clinical Excellence (NICE), which has undertaken
a systematic review of best available evidence (121).
Although other markers have been investigated (Table

8), based on currently available evidence only the use of
PSA and its isoforms can be recommended in prostate
cancer. Below we present a more detailed discussion of
the use of these measurements.

PSA Markers in Patient Management

PSA MARKERS IN THE SCREENING AND EARLY DETECTION OF
PROSTATE CANCER

The widespread measurement of serum PSA is largely
responsible for the increased incidence of prostate can-
cer in the US during the past 2 decades. As demon-
strated by epidemiological data showing both a marked
increase in the number of men diagnosed with prostate
cancer and a profound migration toward earlier stage
disease at the time of diagnosis (122 ), there is strong
evidence supporting the growing concern that such
“stage migration” causes overdiagnosis and overtreat-
ment of men with indolent cancer, a condition that
may pose little threat to the life or health of the patient
(123). The usefulness of PSA screening has also been
questioned owing to poor specificity when serum con-
centrations are modestly increased (124 ). Although ex-
tensive evidence shows that elevations of PSA in serum
are exclusively associated with disease conditions in the
prostate, such findings are not cancer specific, occur-
ring also in other conditions such as benign prostatic
hyperplasia and prostatitis. This well-documented
lack of specificity of the conventional PSA test even
prompted researchers to question whether any associ-
ation exists between serum PSA levels and prostate
cancer (125 ). In contrast, reports from many other in-
vestigators have shown that there is very strong evi-
dence of a very significant association between serum
PSA levels and presence or outcome of prostate cancer
(126—130). Also, the lack in specificity of the PSA test is
less critical in monitoring patients with a prostate can-
cer diagnosis, for whom PSA is the most important
marker in evaluating response to therapeutic interven-
tions and in detecting tumor relapse. Although poten-
tially valuable as part of multivariate panels to identify
aggressive cancers and/or cancer recurrence, measure-
ment of prostatic acid phosphatase alone does not pro-
vide any clinically useful information additional to PSA
measurement (131, 132), and therefore is not recom-
mended by the NACB.

NACB PROSTATE CANCER PANEL RECOMMENDATION 1:
CHOICE OF TUMOR MARKER FOR MANAGEMENT OF
PATIENTS WITH PROSTATE CANCER
PSA is currently the most useful serum tumor
marker in management of prostate cancer patients
and is required in all stages of the disease [LOE, III;

SOR, A].
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Table 8. Biomarkers currently being explored for prostate cancer.?

Circulating biomarkers

PSA subfractions:
complexed PSA,
proPSA, intact PSA,
benign PSA

Human kallikrein 2 (hK2)

Insulin-like growth factor
(IGF-1), IGF binding
protein (IGFBP-3)

Molecular urine/tissue
markers

PCA3

Alpha-methylacyl-CoA
racemase (AMACR)

Glutathione S-transferase-
pi (GSTPi)

Methylation panel

Telomerase activity

Proposed use or uses and comments

Absolute concentrations in serum and percentage

relative to total PSA may help discriminate
between malignancy and benign conditions.

Shares 80% amino acid sequence with PSA and
is produced in prostatic epithelium at
concentrations 50100 times less than PSA.
Generally elevated in prostate cancer vs BPH,”
and is more sensitive than PSA at detecting
extracapsular extension.

High serum IGF-1 concentrations associated with
increased risk for prostate cancer. IGFBP-3 can
be detected in tissue with ProstaScint; serum
concentrations elevated in prostate cancer;
discriminates between cancer and BPH or no
disease; also being investigated as a
therapeutic target.

Prostate cancer antigen 3 (non-protein coding)
(PCA3) (prostate-specific gene) highly
expressed in prostate cancer compared to
other genitourinary tissues and nonneoplastic
prostatic tissues. Urine assays measure PCA3
mRNA following an attentive DRE; the mRNA
is noncoding, no protein products are made.

Mitochondrial and peroxisomal enzyme involved
in oxidation; overexpressed in prostate cancer;
detected in tissue by IHC, and in conjunction
with loss of basal cell markers (e.g. basal
cytokeratins, p63) can help establish diagnosis
of cancer on prostate needle biopsy. Assays to
detect a humoral response may supplement

PSA screening in identifying significant tumors.

Protects cells from oxidative damage; reduced
expression in prostate cancer due to
hypermethylation of its promoter region;
distinguishes between BPH and cancer;
methylation status of GSTPi gene promoter
quantified in prostatic tissue, cells derived

from serum, urine and seminal plasma by PCR.

Hypermethylation of a panel of markers in
combination with histology may aid in
prostate cancer diagnosis; aberrant
methylation profiles in prostate tissue samples
correlated with clinicopathological features of
poor prognosis.

Telomerase activity is detectable in the vast
majority of prostate cancers but not in benign
prostate tissues. Improved methods of
telomerase detection may make this marker
useful for early detection of prostate cancer in
tissue samples or in urine.

Phase of development

Undergoing evaluation (clinical

assays in development)

Undergoing evaluation

Undergoing evaluation

Undergoing evaluation

Undergoing evaluation (urine
and tissue)

Undergoing evaluation in a
clinical trial

Undergoing evaluation

Undergoing evaluation

LOE References

IV, V. (536-538)
IV, V. (538 539)
IV, V. (540, 541)
IV, V. (542, 543)
IV, V. (544-548)
IV, V. (549, 550)
IV, V. (551, 552)
IV, V. (553, 554)

Continued on page e27
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Table 8. Biomarkers currently being explored for prostate cancer. (Continued from page e26)?

Cell/gene tests

Circulating prostate cells
RT-PCR gene targets
PSA, hK2, and PSMA
mRNAs

PTEN

Proposed use or uses and comments

Measurements of the frequency in the shedding
of circulating prostate/tumor cells in blood
using RT-PCR assays for PSA-, hK2-, and/or
PSMA-mRNAs as a means to define invasive
and/or systemic disease stage.

A lipid phosphatase that functions as a tumor
suppressor by inhibiting the
phosphatidylinositol 3-kinase/protein kinase B
(P13K/Akt) signaling pathway. Gene

Phase of development

LOE References

higher grade and stage.
CDKN1B (P27)

correlated with worse outcome.
Ki-67

outcome.

Chromosome 8p22 loss
and 8q24 (C-MYC) gain

Prostate stem-cell antigen
(PSCA)

IHC.

somatically deleted or mutated in some
prostate cancers. Protein can be detected by
IHC and decreased levels are associated with

Cyclin-dependent kinase inhibitor. Protein
decreased in prostate tumor cells and levels

Marker of cellular proliferation. Fractions of cells
staining positive by IHC associated with worse

Bq24 overrepresentation, especially in
combination with loss of 8g22 using a FISH
assay, is associated with prostate cancer
progression in men with stage pT2NOMO,
pT3NOMO and pT23N1-3M0 prostate cancers.

Cell surface protein found primarily in the
prostate; increased expression in many higher-
grade prostate cancers and most metastatic
lesions; correlated with late-stage disease;
detection in prostatic tissue via FISH, PCR,

@ Based on Table 3 of the Prostate Cancer Foundation Report to the Nation on Prostate Cancer (563).
b BPH, benign prostatic hyperplasia; LOE as defined in Table 6; PSMA, prostate-specific membrane antigen; RT, reverse transcription; ASR, analyte-specific reagent.

Undergoing evaluation in a IV, V. (536, 555)
clinical trial

Undergoing evaluation IV, V. (556, 557)

Undergoing evaluation IV, V. (558, 559)

Undergoing evaluation IV, V. (560)

Undergoing evaluation IV, V. (561)

Undergoing evaluation IV, V. (562)

Population-based median levels are <0.6 ug/L
for men =50 years, the vast majority of whom have
yet to develop any signs or symptoms of prostate
cancer or benign enlargement of the gland (130, 133,
134). The 80th centile is close to 1 ug/L, and the 90th
centile is about 1.25 ug/L (130). An upper limit of
normal according to the 95th percentile for men <50
years has never been implemented in clinical prac-
tice, but would correspond to a PSA level of about
1.5 pg/L. A modest increase in PSA levels in older
men reflects a higher frequency of benign prostate
conditions at higher age. Population-based demo-
graphics of PSA levels for men 50-70 years old show
that 8%—-9% of these men have PSA levels =4.0 ug/L,
while 11%-12% have PSA levels =3.0 ug/L, and
as many as 20% of all men have serum PSA levels
=2.0 ug/L (135).

In men who present with modestly increased levels
of PSA in serum (i.e., 4—10 ug/L), there is extensive
evidence showing that histopathologic examination of

tissue harvested by systematic prostate biopsies con-
firms presence of prostate cancer in 25%-35% of these
men (136, 137). When serum PSA levels rise above
10 pg/L, the cancer specificity of the test is 40%—-50%
or higher. Current recommendations in the US suggest
that most men older than 50 years should have annual
prostate cancer screening with PSA and digital rectal
examination (DRE), and that men should be advised to
have biopsies when the DRE is abnormal or when the
PSA level in serum is =4.0 ug/L (138). The NICE
guidelines conclude that the serum PSA level alone is a
poor predictor of the presence of prostate cancer and
should not automatically lead to a prostate biopsy, par-
ticularly because many cancers diagnosed on this basis
alone will be of low risk, causing little or no impact on
life expectancy (121, 139).

These recommendations all have some limita-
tions, as has recently been discussed (140). The PSA
cutoff of =4.0 ug/L represents a clinical decision limit
that was introduced on the basis of a single report eval-
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uating the optimal combination of sensitivity and
specificity of the PSA test in a study cohort, and the
distribution of values observed in this original study
may no longer apply (141 ). It is debatable whether a
PSA cut-point lower than 4 ug/L should be recom-
mended. Also debatable is whether decisions to recom-
mend prostate biopsy should be based solely on a single
PSA cut-point value (e.g., =4 ug/L). Lower PSA cutoffs
increase the cancer detection rate at the expense of
increasing the number of men advised to undergo bi-
opsy. It has also been clearly demonstrated, however,
that 20% or more of all men who have PSA levels from
2.0 (or 3.0) up to 4.0 pg/L are found to have prostate
cancer at biopsy (142, 143). This finding was con-
firmed in a recent study, in which prostate cancer was
diagnosed by biopsy in as many as 15.2% of all 2950
biopsied men with PSA values <4.0 ug/L (128). This
study showed that the prevalence of prostate cancer in
men 62-91 years old increased from 6.6% in men with
PSA of 0-0.5 ug/L, 10% with PSA 0.6-1.0 ug/L, 17%
with PSA 1-2 ug/L, up to 23.9% with PSA 2.1-3.0
ng/L, and 26.9% with PSA 3.1-4.0 ug/L (128). Also,
the prevalence of high-grade prostate cancer increased
with increasing PSA values. Hence, the positive predic-
tive value of the PSA test in terms of biopsy-proven
(histological) prostate cancer is similar for men with a
PSA value between 2—-4 ug/L and those with a PSA
value between 4—10 ug/L (136, 144 ).

NACB PROSTATE CANCER PANEL RECOMMENDATION 2:
CLINICAL DECISION LIMITS

Given the controversy regarding the use of PSA to
detect very small tumors, reported benefits arising
from lowering the clinical decision limit for biopsy
below 4 ug/L are too uncertain to mandate any gen-
eral recommendation. Cut-points lower than the
commonly used 4 pug/L limit will increase sensitiv-
ity with a concomitant decrease in specificity unless
other adjunctive tests or measures are employed to
increase specificity. Conversely, use of clinical deci-
sion limits for PSA higher than 4.0 ug/L decreases
the sensitivity, which results in the missed diag-
noses of clinically significant tumors in men who
might potentially benefit from early treatment
[LOE, not applicable; SOR, B].

The across-the-board recommendation of annual
PSA testing for men older than 50 years (138 ) is overly
simplistic and fails to alter testing frequency based on
the individualized risk imparted by previously deter-
mined PSA levels. For example, a 55-year-old man with
abaseline PSA of 0.4 ug/L is much less likely to develop
prostate cancer in the future than a similarly aged man

€28 Clinical Chemistry 54:12 (2008)

with a baseline PSA of 3.3 ug/L. Stenman et al. (126)
used frozen serum samples and information from a
health examination survey in Finland, and Gann et al.
(145) used information from the Physicians’ Health
Study to examine the usefulness of PSA for identifying
men in whom prostate cancer subsequently was or was
not clinically diagnosed. The data of Gann et al. suggest
that men with PSA levels between 2.0 and 3.0 wg/L have
5.5-fold higher relative risk for diagnosis of prostate
cancer than men with PSA levels <1.0 ug/L. In the
former group, serum PSA levels reached 2-3 ug/L on
average more than 5 years before the cancer was de-
tected by DRE. Recently, Lilja et al. (130) demon-
strated a very strong association between PSA levels in
blood collected more than 20 years before prostate can-
cer diagnosis and the likelihood of that diagnosis in a
large representative population of Swedish men age
44-50 years who had not previously undergone PSA
testing. These data and those reported from others
(129 ) suggest that risk stratification during early mid-
dle age may be important to consider in refining cur-
rent imperfect early cancer detection strategies. Several
additional issues particularly relevant to screening pro-
grams are discussed below.

AGE-SPECIFIC REFERENCE INTERVALS FOR PSA

Because serum PSA levels gradually increase with age in
men older than 40 years, age-specific reference inter-
vals have been proposed with the expectation that their
implementation would increase cancer detection rates
in younger men by lowering the cut-point and would
increase specificity in older men by raising the cut-
point (146 ). Although there is no consensus, many ex-
perts—including a majority of opinion of the National
Comprehensive Cancer Network—favor the use of
clinical decision limits lower than 4.0 ug/L for serum
PSA in younger men. The NACB, however, is not yet
convinced of the net benefit of this protocol in the ab-
sence of additional test(s) that could significantly in-
crease diagnostic specificity (i.e., reduce unnecessary
biopsies). At the same time the NACB advises caution
in increasing the decision limit above 4.0 ug/L, because
this could result in failure to diagnose clinically signif-
icant tumors in men who might potentially benefit
from early treatment (147 ). Hence, contrary to previ-
ously issued recommendations (148 ), the NACB does
not endorse the use of age-specific reference ranges.

NACB PROSTATE CANCER PANEL RECOMMENDATION 3:
AGE-SPECIFIC REFERENCE INTERVALS FOR PSA
Age-specific reference intervals should not be used

for PSA [LOE, expert opinion; SOR, B].
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INCREASING PSA SPECIFICITY IN SCREENING FOR PROSTATE
CANCER

The total PSA in circulation roughly corresponds to the
sum of circulating free PSA (fPSA) and PSA bound as a
stable complex to a-1-antichymotrypsin. The free frac-
tion constitutes from 5% up to more than 40% of the
total (149 ). Free and bound forms may be selectively
detected by commercially available assays without any
significant interfering cross-reaction (150). Several
composite measures have been proposed to improve
the specificity of a single serum total PSA concentra-
tion for the early detection of prostate cancer. PSA den-
sity (151-153 ), PSA velocity (154 ), PSA doubling time
(155, 156 ), and percentage of free PSA (%f{PSA) (157-
161) have all been evaluated in this context, but only
%fPSA has been widely validated and implemented in
clinical practice. Men with benign disease generally
present with higher %fPSA than men with prostate
cancer (and no benign enlargement). Unfortunately,
concurrent benign prostatic enlargement and prostate
cancer complicates interpretation of %fPSA data (162 ).
Nevertheless, in a systematic review carried out in
2005, the use of %fPSA was suggested as a means of
decreasing the number of unnecessary biopsies, partic-
ularly for men with PSA levels of 4-10 ug/L (163 ). In
accord with the conclusions of a recent meta-analysis
(164 ), the current NACB Panel and the European
Group on Tumor Markers (EGTM) (148 ) both recom-
mend the use of %fPSA as an aid in distinguishing
men with prostate cancer from men with benign dis-
ease in selected high-risk groups, e.g., when total PSA is
<10 pg/L and DRE is negative. In particular, %fPSA
may be useful in identifying men who have prostate
cancer despite initial negative biopsy findings. In men
with low %fPSA suspected to indicate a high risk of
harboring malignant disease, a cancer diagnosis may
become evident after a repeat biopsy. This recommen-
dation is tempered by the need to validate the medical
decision limit for each fPSA and total PSA commercial
assay combination (165 ).

NACB PROSTATE CANCER PANEL RECOMMENDATION 4:
USE OF %fPSA IN DIAGNOSIS

The use of %fPSA is recommended as an aid in
distinguishing men with prostate cancer from men
with benign prostatic hypertrophy when the total
PSA level in serum is within the range of 4-10 ug/L
and DRE is negative, most frequently in men un-
dergoing repeat biopsy, in selected high-risk groups
and particularly in identifying men who have pros-
tate cancer despite initial negative biopsy findings.
The clinical decision limit must be properly vali-
dated for each combination of free and total PSA
assays [LOE, [; SOR, A].

More than 95% of the immunodetectable com-
plexed PSA (cPSA) fraction is bound to a-1-antichy-
motrypsin with <5% bound to other complex ligands,
e.g., a-1-protease inhibitor (157, 166—168). PSA bound
to a-2-macroglobulin is not detected by current im-
munoassays for PSA. Levels of cPSA in blood can be
determined either directly using assays for PSA bound
as a stable complex to a-1l-antichymotrypsin (157,
158, 169 ), which first block access to fPSA and then
measure levels of cPSA (170), or indirectly by subtract-
ing fPSA from total PSA levels (171) using 2 assays
designed to work together and standardized appropri-
ately. Measurement of cPSA alone provides compara-
ble cancer detection to total PSA but appears to give
somewhat better specificity in a narrow concentration
range (172 ). However, cPSA levels alone cannot achieve
specificity similar to that of %{PSA (170).

GUIDELINES FOR THE EARLY DETECTION OF PROSTATE CANCER

The American Cancer Society has issued guidelines
related to the early detection of prostate cancer. These
guidelines recommend an annual screening with DRE
and serum PSA measurement beginning at the age of
50 in men at average risk with at least 10 years of life
expectancy (138). Although PSA is considered the
best biochemical test currently available to detect
prostate cancer, a DRE should also be included when-
ever possible, according to the American Cancer Soci-
ety. Screening at earlier age (45 years or even 40 years)
is warranted in men at increased risk, including those
of African-American descent and those with one or
more first-degree relatives with prostate cancer. Both
of these groups often develop prostate cancer several
years earlier than the general population and also tend
to present with a more aggressive type of cancer (173 ).

The recommended follow-up testing of high-risk
individuals initially screened at 40 years of age depends
on the PSA result. Those with PSA levels <1 ug/L
would resume testing at 45 years of age, those with levels
>1 but <2.5 ug/L would be tested annually, and those
with levels =2.5 ug/L would be evaluated further and
considered for biopsy (138).

These guidelines do not endorse a general recom-
mendation for mass screening, but support the no-
tion that individual men should be informed of the
benefits and limitations of prostate cancer screening
before making their decision, as for example is recom-
mended in the United Kingdom through the Prostate
Cancer Risk Management Program (174 ) and by NICE
(121, 139, 174). Much greater emphasis than previ-
ously is being placed on informed decision-making by
the individual. This topic has recently been the subject
of a systematic review in which PSA decision aids and
evaluations were identified and appraised (175). The
authors concluded that PSA decision aids improve
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knowledge about PSA testing, at least in the short term.
There are many issues to consider, including the dis-
parity between incidence and mortality associated with
prostate cancer, because many more men are diag-
nosed with prostate cancer than eventually die from it.
However, early detection affords the opportunity to
detect organ-confined disease when curative treatment
is possible. Metastatic disease now constitutes only
about 5% of initial diagnoses in the US, a dramatic fall
from the 50% incidence rate of the pre-PSA era (122).
Nevertheless there are still many uncertainties con-
cerning treatment of early stage disease, including the
preferred treatment for clinically localized prostate
cancer.

MERITS OF EARLY DETECTION OF PROSTATE CANCER
Because of the uncertainties regarding prostate cancer
treatment, considerable debate is ongoing regarding
the merits of early detection of prostate cancer, and not
all physician organizations advocate routine screening
(176 ). Although the American Urological Association
endorses the American Cancer Society policy state-
ment on the early detection of prostate cancer, recom-
mendations of other organizations differ regarding the
benefit of prostate cancer screening (177, 178 ). Argu-
ments against screening are based on the fact that there
is no conclusive evidence from any randomized trials
that early detection and treatment influence overall
mortality, whereas the standard treatments for organ-
confined prostate cancer are associated with a signifi-
cant frequency of side effects. Currently, the US Pre-
ventive Task Force, the American Academy of Family
Physicians, the American College of Physicians, the
National Cancer Institute, and the EGTM do not rec-
ommend population-based prostate cancer screening
(177, 178). The overriding concern is that current
screening modalities result in overdiagnosis and over-
treatment of early stage disease that may not be clini-
cally significant, as has recently been reviewed (179).

The NACB and the EGTM recommend that wide-
spread implementation of screening for prostate can-
cer in the general population should await the final
outcome of ongoing prospective randomized studies,
in particular the European Randomized Screening for
Prostate Cancer (ERSPC) trial (180 ), which are suffi-
ciently powered to establish whether early detection
and treatment decreases prostate cancer mortality. The
ERSPC trial has been underway for 10 years, with re-
sults expected in 2010 (181 ). Long-term multicenter
trials to determine the impact of prostate cancer
screening on survival are also ongoing in the US under
the aegis of the National Cancer Institute and the US
Public Health Service (182).

With no clear-cut evidence as yet that prostate
cancer screening is of net benefit, proponents of
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screening have pointed to the association of PSA test-
ing with earlier cancer stage at detection and reduced
mortality arising from prostate cancer. Registry data
from heavily and sparsely screened male populations in
Austria provide a case in point. The expected death rate
from prostate cancer (183 ) declined much more in the
Tyrol, a heavily screened section of the country, than in
less intensely screened areas (184 ). The decrease in ob-
served mortality was associated with a shift toward a
more favorable stage at diagnosis, in particular an in-
crease in the proportion of organ-confined disease.
The inference is that early detection and availability
of effective treatment resulted in a corresponding im-
provement in disease-specific survival. A similar trend
has been observed in data from the National Cancer
Institute’s Surveillance, Epidemiology and End Results
(SEER) program, from a study conducted in Olmsted
County, Minnesota (185), and from a comparison of
prostate cancer mortality in the US and the United
Kingdom between 1975 and 2004 (186 ).

Although recent data suggest that the apparent
stage shift to early stage disease and subsequent treat-
ment of localized prostate cancer detected with PSA
have positively influenced mortality rates, it is still an
open question whether early detection and therapeutic
intervention alters the natural history of the disease, as
observed benefits may be the result of selection or lead-
time bias(es) (187 ). The stage at diagnosis may be more
dependent on the biological behavior of the tumor (ag-
gressiveness) than on delay in presentation, and early
detection may not have a significant impact on mortal-
ity. An increase in the proportion of localized prostate
cancers that are being treated may account for some of
the change in the mortality statistics (181 ).

Currently there is insufficient evidence either to
support or refute the routine use of mass, selective or
opportunistic PSA-based screening, and it is equally
unclear whether to advise against the use of PSA-based
screening, for which success in reducing prostate can-
cer mortality has yet to be demonstrated. Currently, no
robust evidence from randomized controlled trials is
available regarding the impact of screening on quality
of life, the disadvantages of screening, or its economic
value. Results from 2 ongoing large-scale multicenter
randomized controlled trials that will be available in the
next several years are required for evidence-based deci-
sion-making regarding prostate cancer screening (188).

NACB PROSTATE CANCER PANEL RECOMMENDATION 5:
PROSTATE CANCER SCREENING

A decision as to whether widespread implementa-

tion of PSA screening for prostate cancer in the gen-

eral population can be recommended must await-

the outcome of ongoing prospective randomized
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screening studies (e.g., the European Randomized
Screening for Prostate Cancer trial in Europe)
which are due to be completed by 2010 [LOE, III;
SOR, A].

PSA IN PATIENT MANAGEMENT

The optimal treatment of early stage prostate cancer
has yet to be established. Treatment options include
expectant management (active surveillance or watchful
waiting), radical prostatectomy, or radiation therapy
(external beam radiation or brachytherapy) (139). Al-
ternative treatment modalities (e.g., cryosurgery or
high-intensity focused ultrasound) await evaluation of
their long-term results. Patients with advanced (meta-
static) disease are typically offered hormonal therapy
to deprive the prostate of androgen stimulation. PSA
synthesis by differentiated prostate cells is greatly im-
paired by such treatment and the PSA levels in blood
reflect tumor burden differently from before andro-
gen deprivation. When the disease becomes refractory
to either first- or second-line androgen deprivation,
patients may be entered into chemotherapy or experi-
mental protocols with various agents (e.g., Taxotere).
The assessment of PSA levels in the blood plays a car-
dinal role in all aspects of the management of prostate
cancer from surveillance to selection of optimal treat-
ment to estimation of prognosis to posttherapeutic
monitoring. fPSA measurement has not been shown to
offer any advantages over total PSA during the follow-
up of prostate cancer (189).

The treatment selected after detection of prostate
cancer depends critically on whether the disease is con-
fined to the prostate. Radical prostatectomy is primar-
ily an option for patients with organ-confined disease,
although patients with extracapsular disease may also
benefit from radical surgery (190 ). However, the extent
of disease is difficult to predict accurately. PSA alone is
not informative (191 ), but in combination with the
clinical stage and Gleason score predicts reasonably
well the pathological stage of localized prostate cancer.
Predictive tables that incorporate these parameters have
been published (192-194) and are used by physicians
to estimate the probability of organ-confined disease
and to determine whether radical prostatectomy is in-
dicated. It is recommended by NICE that urological
multidisciplinary teams should assign a risk category to
all men with newly diagnosed localized prostate cancer,
taking these parameters into account (121, 139).

Assessment of changes of PSA levels with time
(PSA velocity or PSA doubling time) was first intro-
duced in 1992 (154 ), with a rapid increase indicating a
higher risk for subsequent development of prostate
cancer. Results of several studies further suggested that
a more rapid rise in PSA before treatment is correlated

with aggressive disease and early recurrence after treat-
ment. In more recent studies reported by D’Amico et
al. (195, 196 ) a PSA velocity of more than 2.0 pg/L/year
measured during the year before diagnosis was shown
to be significantly associated with prostate cancer-
specific mortality. Recently, Carter et al. reported evi-
dence that total PSA velocity could also be used to pre-
dict life-threatening prostate cancer up to 15 years
before diagnosis (197 ). However, to demonstrate that
PSA velocity has important clinical value, it must also
be unequivocally shown that a multivariable model
that incorporates both PSA and PSA velocity (e.g., ad-
dition of PSA velocity to a model that includes total
PSA, age, and date of diagnosis) is superior to the
model that uses PSA alone. This LOE appears still to be
lacking, even in the most recently reported studies on
this subject.

Following successful surgery, PSA should decrease
to undetectable levels (198, 199). Persistently increased
PSA provides evidence of residual disease. However,
the converse does not always hold, namely that unde-
tectable PSA postoperatively indicates a surgical cure.
Considerable time may elapse before residual disease
becomes evident through detectable PSA. Most com-
monly, residual disease will become evident within 3
years of surgery. Up to 20%-30% of the men who un-
dergo radical prostatectomy present with residual dis-
ease during the first 10 years after surgery.

A rising PSA level after radical prostatectomy is
a biochemical sign of recurrent disease that typically
predates other signs of progression by many years.
However, not all patients with biochemical recurrence
will progress to symptoms of clinical disease and met-
astatic spread in their lifetimes and require treatment
(200, 201 ). Factors reported to predict the time course
to the development of metastatic disease include time
to biochemical recurrence, tumor grade (Gleason
score), and PSA doubling time (156, 161 ). These pa-
rameters can be used to estimate the likelihood of pa-
tients remaining free of overt metastatic disease and
allow physicians to stratify patients into low-risk and
high-risk categories and to make better treatment
decisions.

Monitoring response after initial treatment and
evaluating outcome during subsequent therapy are sig-
nificant clinical applications of PSA determinations.
Measurement of PSA provides essential information
about the efficacy of surgery or radiation therapy, helps
establish the possibility of residual disease (local or dis-
tant), signals recurrent metastatic disease before it can
be detected by other conventional diagnostic proce-
dures, and provides a useful adjunct in the evaluation
of therapeutic response.
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PSA may provide the earliest measure of treatment
efficacy or disease recurrence, and as such influence the
patient’s perception of well-being. For some patients, it
may be most appropriate to stop measuring PSA, par-
ticularly if effective alternative treatments to counter
adverse findings are not available (148 ).

PSA MARKERS IN THE POSTTREATMENT MONITORING OF
PROSTATE CANCER

Following treatment, it is the Panel’s view that a single
PSA measurement at or near the lower detection limit
of the assay is not sufficient to diagnose recurrence of
prostate cancer. Rising PSA levels demonstrated by re-
peat or serial measurements provide much more reli-
able evidence (121, 139, 202 ). Following radical pros-
tatectomy, circulating PSA declines to undetectable
levels if the prostate cancer was organ-confined and all
residual prostate tissue surgically excised. Sustained
detection of PSA suggests either incomplete resection
or metastatic deposits. If ultrasensitive PSA assays are
used in this setting, the functional detection limit of the
assay should be established and should correspond to
the lower reporting limit.

At present, evidence is equivocal regarding the
clinical benefit of reporting biochemical recurrence of
prostate cancer at PSA levels below 0.4 ug/L (200).
Recently, however, salvage radiation therapy following
prostatectomy has been shown to yield best results
when PSA levels are still very low (=0.5 ng/L) (203).
The recurrence limit is less clear following radiation
therapy because of the typically slower decline in circu-
lating PSA concentration. The American Society for
Therapeutic Radiation and Oncology has defined bio-
chemical recurrence as a rise of 2 ug/L or more above
the nadir PSA, after external beam radiotherapy with or
without hormonal therapy (204 ).

Monitoring with PSA after treatment for prostate
cancer is a mainstay of clinical practice, although the
clinical utility of PSA is variable and depends on the
disease stage of the individual patient. As has recently
been observed, the lack of high quality information and
paucity of clinical trials hampers development of
guideline recommendations for prostate cancer, but
implementation of available guidelines are likely to im-
prove prostate cancer outcomes while reducing unnec-
essary, ineffective, and costly care (140 ). PSA has high
sensitivity for detecting recurrence after radical prosta-
tectomy but is less sensitive in detecting recurrence fol-
lowing radiation therapy. For monitoring hormonal
treatment, PSA provides a sensitive tool with which to
verify treatment response and detect tumor growth
(recurrence). However, in patients with advanced dis-
ease who suffer recurrence during androgen depriva-
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tion therapy, PSA has only limited usefulness for pre-
dicting survival outcome.

NACB PROSTATE CANCER PANEL RECOMMENDATION 6:
USE OF PSA IN THE POSTTREATMENT MONITORING OF
PROSTATE CANCER
PSA is recommended for management of patients
with prostate cancer to monitor disease status fol-

lowing treatment [LOE, III; SOR, A].

USE OF NOMOGRAMS INCORPORATING PSA TO MANAGE
PROSTATE CANCER

Nomograms incorporating one or more factors pro-
vide the most accurate means of individualizing ther-
apy and predicting outcome, and reflect the most re-
cent advances in patient management (205 ). Rather
than relying on physician experience or general risk
assessments of patient populations with similar char-
acteristics, the nomograms assess treatment options
or prognosis based on computerized models of Cox
proportional hazards regression analysis. Predictive
outcomes provided by computer models are not per-
fect, but nomograms can be extremely useful in assist-
ing with treatment decisions. On occasion, it may be
difficult to select the best nomogram when several
competing versions apply to the same clinical decision.
Kattan and coworkers (205, 206 ) have developed pre-
and postoperative nomograms, incorporating PSA to-
gether with Gleason score and other variables, to predict
disease recurrence following radical prostatectomy.

PREANALYTICAL, ANALYTICAL, AND POSTANALYTICAL
CONSIDERATIONS

A number of factors in the preanalytical, analytical and
postanalytical stages can affect the clinical interpreta-
tion of PSA results and must be carefully considered. A
number of these factors were the subject of a systematic
review carried out in 2001 (207 ).

PREANALYTICAL SPECIMEN PROCESSING AND STORAGE

It is desirable to collect blood before any manipulation
of the prostate by DRE, cystoscopy, or prostate biopsy
(166 ). If prior collection is not possible, then it is pru-
dent to delay several days after DRE before drawing
blood for PSA, although in most men DRE does not
cause a clinically relevant change in circulating PSA
concentration (166 ). Following prostate biopsy or sur-
gery, the reccommended delay is several weeks to permit
sufficient time for the PSA bound as a stable complex to
a-1-antichymotrypsin to be eliminated from the blood
circulation, although the kidneys rapidly clear from the
blood any fPSA that was liberated from the prostate by
the procedure (208, 209).
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NACB PROSTATE CANCER PANEL RECOMMENDATION 7:
PREANALYTICAL REQUIREMENTS FOR PSA—
PROSTATE MANIPULATION
Blood should be drawn before any manipulation of
the prostate and several weeks after resolution of

prostatitis [LOE, not applicable; SOR, A].

To eliminate in vitro artifacts, blood should be
centrifuged within 3 h of collection to isolate the serum
or plasma (210). Serum and plasma may be kept at
refrigerated temperatures for up to 24 h without loss of
PSA. If analysis is delayed longer, then it is vital to store
specimens frozen, preferably at or below —30 °C to
avoid the eutectic point. Long-term storage at temper-
atures of at least —70 °C is desirable. Data show that
fPSA is more susceptible to loss of immunoreactivity
than cPSA (166, 211 ), and that for fPSA this is slower in
plasma than in serum (210).

NACB PROSTATE CANCER PANEL RECOMMENDATION 8:
PREANALYTICAL REQUIREMENTS FOR PSA—
SAMPLE HANDLING
Samples should be centrifuged and refrigerated
within 3 h of phlebotomy; this recommendation is
particularly relevant for fPSA, which is more labile
than total PSA. Samples may be stored at refriger-
ated temperatures for up to 24 h, but samples that
will not be analyzed within 24 h of collection should
be stored frozen (at least at —20 °C and preferably
at —30 °C or lower). For long-term storage, sam-
ples should be frozen at —70 °C or lower [LOE, not

applicable; SOR, B].

PSA ASSAY STANDARDIZATION

Two reference standards currently are commonly used
for PSA assays: those traceable to the WHO Interna-
tional Standards and those traceable to the Hybritech,
Inc. standard. Most clinicians assume that all PSA as-
says give similar test values and that changes in these
test values probably are related to pathophysiological
changes in prostate glands. It is assumed that PSA mea-
surements are consistent between laboratories and be-
tween assay manufacturers, but this is not necessarily
the case (212). Although practice guidelines and dis-
ease management strategies vary in terms of what
“number” should be used to follow up specific types of
patients, these guidelines seldom contain subcategories
for various analytical methods.

In practice there are considerable differences be-
tween PSA assays. Historically, the Hybritech Tan-
dem-R PSA assay (Hybritech) was the first widely used
FDA-cleared commercial assay. This assay was stan-
dardized using the absorptivity for PSA of 1.42 mL/

mg/cm reported by Graves et al. in 1990 (213 ). The
Hybritech assay was well adopted by the medical com-
munity and provided the basis for the traditional
4.0 ug/L upper reference limit (141). The second
widely used commercial assay, the Abbott IMx (Abbott
Laboratories), was standardized to harmonize with this
initial Hybritech assay, and other assays also were
closely aligned with these assays (214 ). However, in
1995, Stamey et al. reported that the mean (SD) true
absorptivity for PSA is 1.84 (0.04) mL/mg/cm, based
on quantitative amino acid analysis (215). It was sug-
gested that the error in the initial gravimetric analysis
was caused by the presence of bound water, salt, or
carbohydrate in the lyophilized preparations. The net
result of this error is that the initial Hybritech PSA val-
ues are about 20% higher than the WHO First Interna-
tional Standard for PSA (IRR 96/670) (216).

The First International Standards for PSA (IRR 96/
670) and Free PSA (IRR 96/688) were established in
1999 using the correct absorptivity. The 2 standards
contain PSA derived from seminal plasma. IRR 96/670
is a mixture of PSA and ACT in a 90:10 ratio selected to
mimic circulating PSA, and IRR 96/688 contains solely
free (unbound) PSA. An editorial that accompanied
the standardization report, WHO First International
Standards for Prostate-Specific Antigen: The Beginning
of the End for Assay Discrepancies, concluded that this
standard would lead to greater consistency of PSA as
manufacturers began to use this material to calibrate
PSA assays (217). It is now recommended that PSA
assays used in the United Kingdom National Health
Service must be accurately calibrated against the ap-
propriate International Standard and must be equi-
molar (218), with formal arrangements in place for
independent annual confirmation of satisfactory per-
formance. Although several studies suggest that be-
tween-method comparability has improved since in-
troduction of the International Standards, there are
still differences in PSA assays that may lead to clinical
misinterpretation if different PSA assays are used when
evaluating a single patient (218-220).

ANALYTICAL AND REPORTING CONCERNS
PSA is most frequently used in conjunction with phys-
ical examination to screen for prostate cancer. A single
positive PSA screen should always be verified by re-
peating the PSA measurement in a specimen collected
separately, before the ordering of confirmatory his-
topathological tissue examination, e.g., as obtained by
biopsy. This protocol may substantially reduce the
number of unnecessary biopsies (221 ). The diagnosis
of prostate cancer can be confirmed only by his-
topathological tissue examination.

Analytical performance should be monitored with
QC material containing PSA at concentrations near

Clinical Chemistry 54:12 (2008) e33



clinically relevant decision points. Information on as-
say characteristics and utility, including the lowest re-
portable concentration of the assay (often defined as
the PSA concentration below which the analytical CV
exceeds 20%) and assay CVs at concentrations corre-
sponding to relevant clinical decision points should be
available to clinicians through laboratory test informa-
tion sources.

NACB PROSTATE CANCER PANEL RECOMMENDATION 9:
ANALYTICAL REQUIREMENTS FOR PSA—QC
The lowest reportable concentration should be de-
termined by the laboratory and reported to physi-
cians. QC at these concentrations should be in place
[LOE, not applicable; SOR, A].

BIOLOGICAL VARIABILITY
To interpret PSA data from any individual or serially
collected specimens, PSA variability in the blood should
also be taken into account (207, 222 ). The EGTM re-
cently reviewed publications concerning the variability
of PSA and reported that a fair estimate of the biologi-
cal variation of PSA is 20% in men older than 50 years
within the PSA concentration range of 0.1-20 ug/L
(223). In healthy men with PSA concentrations
<2 pg/L, biological variation was <14%, whereas a
change of 30% between successive PSA measurements
was suggested to be clinically significant (224). In
monitoring men with prostate cancer, a critical differ-
ence of 50%—60% has been suggested (225 ). Taking
into account that intraindividual biological variation
may range up to 20% and that analytical variation for
PSA assays is 5%, it has been suggested that the baseline
PSA level has to change by 50% to be significant at P <
0.05 (223).

NACB PROSTATE CANCER PANEL RECOMMENDATION 10:
POSTANALYTICAL REQUIREMENTS FOR PSA—
INTRAINDIVIDUAL BIOLOGICAL VARIATION
The contribution of within-individual biological
variation must be taken into account when in-
terpreting clinical results [LOE, not applicable;

SOR, A].

It is prudent to include with the PSA result a re-
minder that a single screening blood test result should
not be used as the sole evidence of the presence or
absence of malignant disease. The laboratory report
should include the manufacturer of the PSA assay used,
draw attention to any relevant clinical decision limits,
and where necessary warn that the results cannot be
used interchangeably with those generated by other as-
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says unless the interchange of assay values has previ-
ously been validated (212, 220).

NACB PROSTATE CANCER PANEL RECOMMENDATION 11:
POSTANALYTICAL REQUIREMENTS FOR PSA—INFORMATION
TO BE INCLUDED IN CLINICAL REPORTS
Clinical reports should include the name of the as-
say, relevant clinical decision limits, and a reminder
that a single screening blood test result should not
be used as the sole evidence of the presence or ab-
sence of malignant disease [LOE, not applicable;

SOR, A].

FUTURE DEVELOPMENTS
Future developments in the use of tumor markers for
prostate cancer include the use of experimental assays
to measure circulating tumor cells in blood to detect
and assess progression of (micro) metastatic stages of
prostate cancer

Assays detecting circulating tumor cells (CTCs) in
the peripheral blood have been developed and cleared
for clinical use by the FDA to provide prognostic infor-
mation in women with node-positive breast cancer
(226 ). The current ability to detect and profile (micro)
metastatic prostate cancer is limited, however. Multi-
ple techniques have been developed and tested to iso-
late and characterize CTCs. Reverse transcription PCR
assays are sensitive and highly specific when the expres-
sion of the target gene is limited to the malignant tu-
mor cells. Flow cytometry can be used to detect and
verify the identity of the cells as CTCs, but does not
allow assessments of morphology and does not allow
detection of molecular changes at a subcellular level.
Immobilization (e.g., to magnetic beads) of antibodies
to the epithelial cell adhesion molecule allows enrich-
ment and inspection by microscopy of circulating epi-
thelial derived tumor cells from peripheral blood. A
semiautomated system was recently developed, which
uses epithelial cell adhesion molecule—antibody-based
immunomagnetic capture and staining methods (227).
Factors predictive of detection of CTCs in prostate can-
cer have been reported, and for patients with metastatic
prostate cancer, the detection of >5 CTCs per 7.5 mL
of blood predicts shorter progression-free survival
and shorter overall survival, with CTC counts found to
be more predictive of outcome than standard clinical
parameters (228). For prostate cancer, preliminary
analysis of the correlation of CTC counts with mRNAs
for prostate specific antigen or prostate specific mem-
brane antigen and available clinical predictors (229)
are encouraging but are not yet sufficiently evaluated
or validated to warrant recommendations for any use
in routine clinical practice.
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NACB PROSTATE CANCER PANEL RECOMMENDATION 12:
MEASUREMENT OF CIRCULATING PROSTATE CANCER CELLS
IN PERIPHERAL BLOOD
Although initial results are encouraging, these tech-
niques are not yet sufficiently validated to warrant
recommending their application in routine clinical

practice [LOE, IV; SOR, C].

KEY POINTS: TUMOR MARKERS IN PROSTATE CANCER
Measurements of serum PSA markers clearly have an
important role in both diagnosis and management of
patients with prostate cancer. Further improvement in
understanding of the natural history of the disease
should enable better use of these markers in the future.

Tumor Markers in Colorectal Cancer>'*>

BACKGROUND

Colorectal cancer (CRC) is the third most common
cancer worldwide, with an estimated one million new
cases and half a million deaths each year (230). In the
US, CRC is also the third most common malignant
disease, with an estimated 154 000 new cases diagnosed
in 2007 (118). Most CRC are detected in the rectum
(38%), followed by sigmoid (29%), cecum (15%), and
transverse colon and flexures (10%). Only approxi-
mately 5% are found in the ascending colon and 3% in
the descending colon (231 ).

Symptoms of colon cancer may include intermit-
tent abdominal pain, nausea, vomiting, or bleeding. A
palpable mass may be found in patients with right-
sided colon cancer. Rectal and rectosigmoid cancer are
more likely than colonic cancer to be symptomatic be-
fore diagnosis becasue these patients frequently have
rectal bleeding. It is important to point out that early
colon cancers are rarely symptomatic and that the
above-mentioned symptoms are nonspecific.

Disease stage at initial diagnosis is the most widely
used prognostic indicator for patients with CRC. Al-
though the original Dukes staging system has been
modified several times, the extent of cancer invasion
through the bowel wall and extent of regional lymph
node invasion is still the mainstay of staging systems. In
practice, the most widely used staging system is the
TNM system of the International Union against Can-
cer (232) and the American Joint Committee on Can-
cer (233) system. In the TNM system, “T” refers to the

31 NACB Colorectal Cancer Sub-Committee members: Nils Brunner, Chair; Mi-
chael J. Duffy; Caj Haglund; Mads Holten-Anderson; and Hans J. Nielsen.

32 All comments received about the NACB Recommendations for Colorectal
Cancer are included in the online Data Supplement. Professor Robert Bast,
Professor Duncan Jodrell, and Professor Callum Fraser were invited expert
reviewers.

local extent of the untreated primary tumor at the time
of initial diagnosis. The designation “N” refers to the
status of the regional lymph nodes and “M” refers to
the presence of distant metastasis at initial presentation
(234).

Although surgery is the first-line treatment for
most patients with CRC, some patients with rectal
cancer may receive radiation and/or chemotherapy be-
fore surgery. In 1990, an NIH Consensus Conference
recommended that stage III colon cancer patients
should be treated with adjuvant chemotherapy (235).
A subsequent pooled analysis of patients with stage I1I
CRC confirmed that adjuvant chemotherapy increased
both the probability of remaining free of tumor recur-
rence after 5 years and the probability of surviving for
5 years (236 ).

The value of adjuvant chemotherapy following re-
section of stage II (Dukes B) colon cancer is unclear,
however. In 2004, an American Society of Clinical On-
cology (ASCO) Expert Panel recommended that adju-
vant chemotherapy should not, in general, be given to
patients with stage II colon cancer (237 ). However, the
panel also stated that “there are populations of patients
with stage II disease that could be considered for adju-
vant therapy, including patients with inadequately
sampled nodes, T, lesions, perforation, or poorly dif-
ferentiated histology” (237).

The 1990 NIH Consensus Conference recom-
mended combined adjuvant chemotherapy and high-
dose external-beam radiotherapy for patients with
stage II or III rectal cancer (235 ). Although radiation
therapy does not appear to affect overall survival, it
decreases local recurrence, which is a cause of consid-
erable morbidity in patients with rectal cancer.

Despite potentially curative surgery, 40%-50% of
patients with CRC develop recurrent or metastatic dis-
ease (238). In an attempt to detect these relapses when
they are resectable, most patients with either stage II or
stage IIT disease currently undergo follow-up or sur-
veillance. Surveillance strategies may include one or
more of the following: clinical examination, radiology
(e.g., chest x-ray, ultrasound, computed tomography,
and magnetic resonance imaging), endoscopy, clinical
chemistry testing, and the use of tumor markers.

CRC was one of the first cancers in which a tumor
marker, i.e., carcinoembryonic antigen (CEA), was
used to aid management. We present NACB guidelines
on the use of CEA as well as other markers in the de-
tection and management of patients with CRC. In do-
ing so, we also summarize the guidelines from other
expert panels on the use of tumor markers in CRC.

To prepare these guidelines, the literature relevant
to the use of tumor markers in CRC was reviewed. Par-
ticular attention was given to reviews, including sys-
tematic reviews, prospective randomized trials that in-

Clinical Chemistry 54:12 (2008) e35
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cluded the use of markers, and guidelines issued by
expert panels. Where possible, the consensus recom-
mendations of the NACB Panel were based on available
evidence, i.e., were evidence based.

CURRENTLY AVAILABLE MARKERS FOR CRC

The most widely investigated tumor markers for CRC
and the phase of development of each marker and the
LOE for its clinical use are listed in Table 9.

TUMOR MARKERS IN CRC: NACB RECOMMENDATIONS

Table 10 presents a summary of recommendations
from representative guidelines published on the use of
tumor markers in CRC. This table also summarizes the
NACB guidelines for the use of markers in this malig-
nancy. Below, we present a more detailed discussion of
the most widely investigated markers listed in Table 10.

CARCINOEMBRYONIC ANTIGEN

CEA in screening. Lack of sensitivity and specificity
when combined with the low prevalence of CRC in
asymptomatic populations preclude the use of CEA in
screening for CRC (239-241). In agreement with
ASCO (242-244) and EGTM recommendations
(245, 246 ), the NACB Panel states that CEA cannot be
used in screening healthy individuals for early CRC.

NACB CRC PANEL RECOMMENDATION 1:
SERUM CEA IN SCREENING HEALTHY INDIVIDUALS
CEA cannot be used in screening of healthy subjects
for early CRC [LOE, IV/V; SOR, A].

CEA in determining prognosis. As mentioned above,
disease stage at initial diagnosis is universally used to
determine prognosis in patients with CRC. Several
studies, however, have demonstrated that preoperative
concentrations of CEA can also provide prognostic in-
formation, which in some situations was found to be
independent of stage (239-241, 247-249 ). The NACB
Panel therefore states that preoperative concentrations
of CEA might be used in combination with other fac-
tors in planning surgical treatment. Preoperative CEA
concentrations, however, should not be used at present
to select patients for adjuvant therapy. These guidelines
are broadly in agreement with those previously pub-
lished by ASCO and EGTM (242, 244-246 ).

A College of American Pathologists Expert Panel
recently ranked preoperative serum CEA together with
TNM stage, regional lymph node metastasis, blood or
lymphatic vessel invasion, and residual tumor follow-
ing surgery with curative intent as a category I prognos-
tic marker for CRC (250). According to the College of
American Pathologists Panel, Category I prognostic

€38 Clinical Chemistry 54:12 (2008)

factors are those “definitely proven to be of prognostic
importance based on evidence from multiple statisti-
cally robust published trials and generally used in pa-
tient management”.

NACB CRC PANEL RECOMMENDATION 2:
SERUM CEA IN PROGNOSIS AND PREDICTION

Preoperative CEA concentrations might be used in
combination with other factors in planning surgical
treatment. Patients with increased concentrations
of CEA (e.g., >5 pg/L) should be evaluated for the
presence of distant metastases [LOE, III; SOR, C].
Preoperative CEA concentrations should not be
used at present to select patients for adjuvant che-
motherapy [LOE, III; SOR, C].

CEA in postoperative surveillance. The main aims of
surveillance following curative resection of CRC are to
provide reassurance, address possible complications
due to therapy, and identify resectable recurrences or
metastases. Six separate metaanalyses have compared
outcome in patients with intensive follow-up vs those
with minimal or no follow-up (251-256). All con-
cluded that the use of an intensive follow-up regime
resulted in a modest but statistically significant im-
proved outcome when compared with regimes with
minimal follow-up. In one of these metaanalyses, it was
shown that only the studies including CEA demon-
strated a significant impact on survival (254 ).

The most recent ASCO guidelines state that CEA
should be measured every 3 months in patients with
stage I or IIT CRC for at least 3 years after diagnosis, if
the patient is a candidate for surgery or systemic ther-
apy of metastatic disease (244, 257 ). The NACB Panel
supports this recommendation.

Although serial measurements of CEA are widely
used in surveillance, no agreement exists as to the mag-
nitude of concentration change that constitutes a clin-
ically significant increase in CEA during serial moni-
toring. According to the EGTM Panel, a significant
increase in CEA occurs if the elevation is at least 30%
over that of the previous value. This increase, however,
must be confirmed by a second sample taken within 1
month. If thislatter sample is also increased, the patient
should undergo further investigations (246 ). This 30%
increase, however, has not been clinically validated.
Furthermore, it should not be regarded as exclusive.
For example, small increases in CEA (e.g., 15%—-20%,
maintained over at least 3 successive assays) may also
prompt intervention (246 ). It should also be remem-
bered that low CEA concentrations do not necessarily
exclude progression, and in patients with clinical
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symptoms of disease recurrence, additional tests such
as computed tomographic scan, x-rays, and colonos-
copy are required, irrespective of the CEA concentra-
tion (246).

NACB CRC PANEL RECOMMENDATION 3:
SERUM CEA IN POSTOPERATIVE SURVEILLANCE
CEA should be measured every 3 months in pa-
tients with stage II or III CRC for at least 3 years
after diagnosis if the patient is a candidate for sur-
gery or systemic therapy of metastatic disease [LOE,
I; SOR, A].

CEA in monitoring therapy in advanced disease. The
prognosis for patients with advanced CRC has greatly
improved in recent years owing to the introduction of
new cytotoxic agents such as irinotecan and oxaliplatin
and monoclonal antibodies such as bevacuzimab
(Avastin®), panitumumab (Vectibix®), and cetuximab
(Erlotinib®), as has recently been reviewed (258, 259 ).
Indeed, the median survival for patients with meta-
static CRC has almost doubled in the past 10 years as a
result of these new treatments (258—-260). However,
because these treatments are potentially toxic as well as
expensive, it is important to establish as quickly as pos-
sible that they are effective in halting tumor
progression.

According to the 2006 ASCO guidelines, CEA is
the marker of choice for monitoring metastatic CRC
during systemic therapy (244 ). CEA should be mea-
sured at the start of treatment for metastatic disease
and every 1-3 months during active treatment. Persis-
tently increasing concentrations suggest progressive
disease even in the absence of corroborating radio-
graphs (242, 243 ). In 2003, the EGTM Panel recom-
mended that serial CEA concentrations should be mea-
sured every 2-3 months while patients are receiving
systemic therapy (246 ). Both the ASCO and EGTM
guidelines stated that caution should be used when in-
terpreting increasing CEA concentrations during the
early phase of systemic treatment (16, 18). This is be-
cause certain treatments (e.g., 5-fluorouracil and le-
vamisole; oxaliplatin) can cause transient elevations in
CEA levels in the absence of disease progression (246 ).

For monitoring patients with advanced CRC un-
dergoing systemic therapy, the NACB Panel recom-
mends that regular CEA determinations should be car-
ried out. In agreement with the ASCO Panel
(242, 243 ), a confirmed CEA increase (e.g., >30%)
may be regarded as evidence of progressive disease. Of
course, it should be established that the increases are
not false-positive elevations due to either chemothera-
py-mediated release of marker or the development of a
benign disease that produces CEA.

€40 Clinical Chemistry 54:12 (2008)

NACB CRC PANEL RECOMMENDATION 4:
SERUM CEA IN MONITORING PATIENTS WITH
ADVANCED DISEASE
In patients with advanced CRC undergoing sys-
temic therapy, regular CEA determinations should
be carried out. A confirmed CEA increase (e.g.,
>30%) suggests progressive disease provided the
possibility of false-positive elevations can be ex-

cluded [LOE, III; SOR, B].

OTHER SERUM MARKERS

CA 19-9. The CA 19-9 assay detects a mucin contain-
ing the sialated Lewis-a pentasacharide epitope, fuco-
pentaose 11 [for review, see ref (261 )]. CA 19-9 is a less
sensitive marker than CEA for CRC (262, 263). Pre-
liminary findings suggest that like CEA, preoperative
concentrations of CA 19-9 are also prognostic in pa-
tients with CRC (264-268 ). Based on available data,
routine measurement of CA 19-9 cannot be recom-
mended for patients with CRC.

CA 242. The CA 242 assay also detects a mucinlike
molecule. Although less sensitive than CEA for CRC,
assay of CA 242 may complement CEA in the surveil-
lance of patients with CRC (263, 269 ). Furthermore, a
number of preliminary reports suggest that preopera-
tive concentrations of CA 242 are prognostic in CRC
(270, 271 ). Routine determinations of CA 242 should
not be used at present in patients with CRC.

TISSUE INHIBITOR OF METALLOPROTEINASES TYPE 1

Tissue inhibitor of metalloproteinases type 1 (TIMP-1)
is a 25-kDa glycoprotein with multiple activities in-
cluding inhibition of matrix metalloproteinases, pro-
motion of cell proliferation, and inhibition of apopto-
sis. With use of a research ELISA that detects total
TIMP-1 (i.e., the noncomplex form as well as TIMP-1
complexed to matrix metalloproteinases), plasma con-
centrations of the inhibitor were found to be signifi-
cantly higher in patients with CRC than in healthy con-
trols or patients with inflammatory bowel diseases,
adenomas, or breast cancer (272, 273). For patients
with Dukes A and B colon cancers, TIMP-1 appeared to
be more sensitive than CEA for the detection of cancer,
i.e., 58% vs 40% at 95% specificity and 56% vs 30% at
98% specificity. For patients with early rectal cancer,
TIMP-1 and CEA had similar sensitivity (272 ). Other
studies have shown that preoperative plasma TIMP-1
concentration is an independent prognostic factor in
patients with CRC, i.e., independent of Dukes stage
and tumor location (274, 275 ). Of particular note was
the finding that stage II patients with low plasma
TIMP-1 concentrations (dichotomized at the 70% per-
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centile) exhibited a survival pattern similar to an age
and sex-matched background population.

Although these preliminary findings with TIMP-1
are promising, the marker cannot be recommended at
present either for detecting early CRC or for evaluating
prognosis in patients with this malignancy.

NACB CRC PANEL RECOMMENDATION 5:
CA19.9, CA 242 AND TIMP-1 IN CRC
Routine measurement of CA19.9, CA 242, or
TIMP-1 is not recommended [LOE, III/IV; SOR,
B/C].

TISSUE MARKERS

Several tumor tissue markers have been evaluated for
potential prognostic and predictive value in patients
with CRC. These include thymidylate synthase (276—
280 ), MSI (281-285 ), deleted in colon cancer (286—
288), urokinase plasminogen activator (uPA)/plas-
minogen activator inhibitor 1 (PAI-1) (289-291),
mutant ras (292 ), and mutant/overexpression of p53
(293). Based on available evidence, none of these
markers can at present be recommended for routinely
determining prognosis or for therapy prediction.
Emerging evidence however, suggests that the presence
of wild type k-ras is associated with benefit from the
anti—epidermal growth-factor receptor (EGFR) anti-
bodies cetuximab and panitumumab (294-297).

NACB CRC PANEL RECOMMENDATION 6:

TISSUE MARKERS IN CRC
The use of thymidylate synthase, MSI, deleted in
colon cancer, uPA, PAI-1, or p53 for determining
prognosis or predicting response to therapy is not
recommended [LOE, III; SOR, B]. Determination
of the mutation status of k-ras may in the future be
used for predicting benefit from specific anti-EGFR
antibodies.

FECAL MARKERS

The most widely used fecal marker involves testing for
occult blood, i.e., the fecal occult blood test (FOBT)
Two of the most widely described FOBTS are the guaiac
test and the fecal immunochemical test (FIT) (298—
301). The guaiac test measures the pseudoperoxidase
activity of heme in hemoglobin, and the immuno-
chemical test detects human globin. Because peroxi-
dase activity is also present in certain fruits and vegeta-
bles, intake of these foods may give rise to false-positive
results in the guaiac test. Certain medicines such as
nonsteroidal antiinflammatory drugs can also interfere
with this test. Despite these limitations, a number of

large randomized trials have shown that screening with
the guaiac test reduced mortality from CRC (302-306 ).

The efficacy of the FIT in reducing either the inci-
dence or mortality form CRC has not yet been investi-
gated in large population-based studies. However,
based on available evidence, it should be at least as ac-
curate if not more accurate than guaiac-based tests in
screening for CRC (298, 301, 307 ). The advantages of
the immunochemical test over the guaiac tests include
the following (for review, see refs (298, 299, 307 ):

+ FITs have better sensitivity for human blood.

« FITs are not affected by diet or medications.

+ Some FITs can be automated.

+ Evidence suggests that the use of FITs increases pa-
tient participation in screening for CRC.

+ FITs can be quantitated, enabling adjustment of sen-
sitivity, specificity and positivity rates.

+ Because digested blood from the upper gastrointesti-
nal tract is not usually detected by FITs, the latter are
better for detecting bleeding from the lower gastro-
intestinal tract.

In agreement with other expert panels (308-310 ),
the NACB Panel recommends that all individuals 50
years or older should undergo screening for CRC. Mul-
tiple screening procedures for CRC exist, however (306—
308 ), and to date no one procedure has been shown to
be significantly superior to the others. The option cho-
sen may therefore depend on availability, personal
preference, and risk of developing CRC (311 ).

According to the National Comprehensive Cancer
Network (NCCN), FOBT should be performed on 3
successive stool specimens that are obtained while the
patient adheres to a prescribed diet (308 ). This organi-
zation specifically recommends the Hemoccult SENSA
as the testing method. Both the NCCN and the Amer-
ican Cancer Society recommend against use of FOBT
of a specimen obtained during a digital rectal examina-
tions (308, 311).

Although screening has been shown to result in
reduced mortality from CRC (302-305, 312), it may be
associated with certain harmful effects. These include
the psychosocial consequence of false-positive results,
potential complications of colonoscopy, a false nega-
tive result, or the possibility of over-diagnosis (312 ).
Overdiagnosis could give rise to unnecessary investiga-
tions or treatment.

Because of the lack of sensitivity and specificity of
FOBT for adenomas and early CRC, a considerable
amount of research in recent years has focused on other
fecal markers, especially on the genes that undergo
mutation during CRC carcinogenesis. Among the
most widely investigated DNA markers are mutant ras,
mutant p53, mutant APC, specific methylated genes,
MSI, and long DNA (231, 313-316). Almost all of
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the studies published to date on fecal DNA markers
contained small numbers of patients. Following an
overview of the literature, Allison and Lawson (298 )
found that the sensitivities of the different DNA panels
for invasive CRC varied from 52%-98% (mean, 64%),
and the specificity varied from 93%-97% (mean,
95%).

Although most of the studies that evaluated DNA
markers for the detection of CRC included only small
numbers of patients, a specific panel was recently in-
vestigated as a screening test for CRC in a large asymp-
tomatic population (317). Of the 31 invasive CRCs de-
tected, the DNA panel diagnosed 16, whereas FOBT
detected only 4 (51.6% vs 12.9%, P = 0.003). Of the 71
invasive cancers and adenomas with high-grade dys-
plasia, the DNA panel diagnosed 29, while FOBT de-
tected only 10 (P < 0.001). Although the DNA panel
displayed a higher sensitivity than FOBT, clearly nei-
ther test detected the majority of advanced adenomas
or carcinomas (317). However, because the DNA-
based test was superior to FOBT, it might be expected
to be at least as good as the latter in reducing mortality
from CRC. However, it should be pointed out that
compared to FOBTs, measurement of fecal DNA
markers is more expensive and technically demanding.
Furthermore, it is not clear which combination of DNA
markers provides the optimum balance of sensitivity
and specificity (231).

One of the main arguments against the use of a
DNA panel at present, especially when applied to large
populations, is the relative cost compared to FOBT
(318, 319). In 2004, Song et al. (318), using a model-
ling approach, compared the cost-effectiveness of fecal
DNA to that of standard CRC screening methods. The
main conclusions were as follows:

+ Compared with no screening, all screening strategies
increased life expectancy at what was regarded as rea-
sonable cost.

+ Compared with no screening, the use of fecal DNA
testing gained 4560 life-years per 100 000 persons at
an incremental cost of $47 700/life-year gained.

+ The use of colonoscopy and FOBT/flexible sigmoid-
oscopy were more effective strategies, gaining an in-
cremental 6190 and 6270 life-years per 100 000 per-
sons compared to no screening, at incremental costs
per life-year gained of $17 010 and $17 000.

+ All the conventional approaches gained more life-
years at lower cost than fecal DNA testing.

Despite their relatively high costs, the technically
demanding nature of the assays, and the fact that these
tests have not been validated in a prospective random-
ized trial, recent joint guidelines from the American
Cancer Society, the US Multi-Society Task Force, and
the American College of Radiology state that there is
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now sufficient data to include fecal DNA “as an accept-
able option for CRC screening” (320, 321 ).

NACB CRC PANEL RECOMMENDATION 7:

USE OF FECAL MARKERS IN SCREENING FOR CRC
The NACB recommends that all individuals 50
years or older should undergo screening for CRC.
Because the most effective screening test is un-
known, the method chosen is likely to depend on
risk of CRC, local availability, and personal prefer-
ence. Although FOBT is the best-validated stool-
based method for screening for CRC [LOE, [; SOR,
Al], fecal DNA testing may also be an option. Poten-
tial harmful consequences of screening include
complications due to colonoscopy and treatment,
the possibility of overdiagnosis leading to unneces-
sary investigations, and false-negative and false-
positive results.

GENETIC TESTS

For genetic testing for CRC susceptibility, i.e., familial
adenomatous polyposis coli and hereditary nonpol-
yposis CRC, the NACB Panel supports previously pub-
lished guidelines (308, 322-326 ).

NACB CRC PANEL RECOMMENDATION 8:
GENETIC TESTING FOR CRC
Screening for genetic susceptibility to CRC should
commence with a detailed family history. Before
undergoing testing, individuals should receive ge-
netic counseling. For persons with suspected famil-
ial adenomatous polyposis, genetic testing can be
used both to confirm diagnosis in a suspected pro-
band and to assess risk in presymptomatic family
members. Provided the mutation responsible for
familial adenomatous polyposis within a family is
known, testing for adenomatous polyposis coli
(APC) gene mutations can be considered for at-risk
family members. [LOE, Expert opinion; SOR, A].
MSI testing and/or immunohistochemistry for
specific mismatch repair enzymes can be used as a
prescreen for hereditary nonpolyposis CRC. If an
individual is found to possess high MSI, genetic
testing for mutations in MLH1, MLH2, MSH6, or
PMS2 genes should be carried out [LOE, III/IV;
SOR, A].”?

33 MLH1, mutL homolog 1, colon cancer, nonpolyposis type 2 (E. coli); MSH2,
mutS homolog 2, colon cancer, nonpolyposis type 1 (E. coli); MSH6, mutS
homolog 6 (E. coli); PMS2, postmeiotic segregation increased 2 (S. cerevisiae).
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KEY POINTS: TUMOR MARKERS IN CRC

Although many different markers have been evaluated
for CRC, only a small number can be recommended for
clinical use. These include CEA in the postoperative
surveillance of patients who may be suitable candidates
for either surgical resection or systemic chemotherapy,
FOBT in screening for early CRC in persons 50 years or
older, MSI as a surrogate marker for identifying per-
sons who should undergo genetic testing for MLH1/
MSH2/MSH6/PMS2 to identify hereditary nonpolypo-
sis CRC, and APC to identify familial adenomatous
polyposis. A promising new plasma marker is TIMP-1.
As mentioned above, preliminary findings suggest
that this marker may be more sensitive than CEA in
detecting early CRC as well as being an independent
prognostic factor for CRC. These findings now must
be confirmed in large prospective studies. One of the
most promising fecal CRC screening tests is a fecal
DNA panel (317 ). This test should be simplified, made
available at reduced costs, and subjected to further
investigations.

Tumor Markers in Breast Cancer>*>°

BACKGROUND

Breast cancer is by far the most common cancer affect-
ing women worldwide, with approximately one mil-
lion new cases diagnosed each year (327). In 2007, an
estimated 180 000 women were diagnosed with breast
cancer in the US and approximately 41 000 died from
the disease (118). Currently, there are more than 2 mil-
lion women in the US who are living with a history of
breast cancer (328 ). Although the worldwide incidence
of the disease appears to be increasing, mortality rates
are now declining in a number of Western countries
including the US and the United Kingdom (329).

The main presenting features in women with
symptomatic breast cancer include a lump in the
breast, nipple change, or discharge and skin contour
changes. Definitive diagnosis requires biopsy and his-
topathology. Currently available blood-based biomar-
kers are of no value in the early diagnosis of breast
cancer.

The primary treatment for localized breast cancer
is either breast-conserving surgery and radiation or
mastectomy. Following primary treatment, most
women with invasive breast cancer receive systemic
adjuvant therapy such as chemotherapy, hormone

34 NACB Breast Cancer Sub-Committee Members: Michael J. Duffy, Chair; Fran-
cisco J. Esteva; Nadia Harbeck; Daniel F. Hayes; and Rafael Molina.

35 All comments received about the NACB Recommendations for Breast Cancer
are included in the online Data Supplement. Professor Dorte Nielsen, Professor
John Smyth, and Professor M. Tuxen were invited expert reviewers.

therapy, or a combination of chemotherapy and hor-
mone therapy. Both adjuvant chemotherapy and hor-
mone therapy have been shown to reduce systemic
recurrence and mortality from breast cancer (330).
For example, a meta-analysis of approximately 145 000
women participating in 194 randomized trials of adju-
vant systemic therapy concluded that anthracycline-
based polychemotherapy reduced the annual breast
cancer death rate by about 38% for women younger
than 50 years at diagnosis and by about 20% for those
age 50—69 years at diagnosis (330 ). For estrogen recep-
tor (ER)-positive patients, 5 years of adjuvant tamox-
ifen reduced annual breast cancer death rates by 31%
(330). Patients with ER-negative tumors, however, did
not benefit from adjuvant tamoxifen (331 ).

Because not all patients with breast cancer may
need adjuvant treatment [e.g., approximately, 70% of
lymph node—negative patients are cured of their dis-
ease by surgery and radiotherapy (332)] and not all
patients benefit from this treatment, rational manage-
ment requires the availability of reliable prognostic and
predictive markers. Recommendations regarding the
use of currently available prognostic and predictive
markers for breast cancer are discussed below.

Subsequent to primary therapy, patients with a di-
agnosis of breast cancer are usually followed up at reg-
ular intervals. Historically, surveillance has included
clinical history, physical examination, mammography,
chest x-ray, biochemical testing, and the use of tumor
markers. This practice is based on the assumption that
the early detection of recurrent disease leads to a better
outcome. However, at present, the clinical benefit of
close surveillance is unclear (333 ).

Although adjuvant therapy improves patient out-
come, 25%-30% of women with lymph node—negative
and at least 50%—60% of those with node-positive
disease develop recurrent or metastatic disease (334 ).
Therapy options for metastatic breast cancer include
chemotherapy (e.g., anthracycline or taxane-based),
hormone therapy, or targeted therapies such as Trastu-
zumab (Herceptin®), Lapatinib, or Bevacizumab,
alone or combined with chemotherapy (334, 335).
Currently, metastatic breast cancer is regarded as in-
curable and thus the goal of treatment is generally pal-
liative. In this context, the use of serial levels of serum
tumor markers is potentially useful in deciding
whether to persist in using a particular type of therapy,
terminate its use, or switch to an alternative therapy.

Based on the above, it is clear that optimal man-
agement of patients with breast cancer requires the use
of a number of tumor markers. The aim of this article
is to present new NACB guidelines on the use of both
tissue- and serum-based tumor markers in breast can-
cer. A summary of guidelines published by other expert
panels on this topic is also provided.
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To prepare these guidelines, the literature relevant
to the use of tumor markers in breast cancer was re-
viewed. Particular attention was given to reviews, in-
cluding systematic reviews, prospective randomized
trials that included the use of markers, and guidelines
issued by expert panels. Where possible, the consensus
recommendations of the NACB Panel were based on
available evidence, i.e., were evidence-based.

CURRENTLY AVAILABLE MARKERS FOR BREAST CANCER

Table 11 lists the mostly widely investigated tissue-
based and serum-based tumors markers for breast can-
cer. Also listed, is the phase of development of each
marker as well as the LOE for its clinical use.

TUMOR MARKERS IN BREAST CANCER: NACB
RECOMMENDATIONS

Table 12 presents a summary of recommendations
from various expert panels on the use of tumor mark-
ers in breast cancer. This table also summarises the
NACB guidelines for the use of markers in this malig-
nancy. Below, we present a more detailed discussion on
the most clinically useful markers listed in Table 12.

ER and progesterone receptor. Routine assay of ERs (i.e.,
ER-a) and progesterone receptors (PR) in all newly
diagnosed breast cancers has been recommended by
Expert Panels of ASCO, EGTM, the European Society
of Medical Oncology, and the St Gallen Conference
Consensus Panel (Table 12). The NACB Panel agrees
with these recommendations. The primary purpose of
determining ER and PR is to select for likely response to
endocrine therapy in patients with either early or ad-
vanced breast cancer. Additionally, in combination
with other factors, ER and PR may also be used for
prognostic purposes. However, as predictors of patient
outcome, hormone receptors are relatively weak fac-
tors and are of little clinical value in lymph node-nega-
tive patients. Hormone receptors should therefore not
be used alone for determining outcome in breast can-
cer. However, in combination with established prog-
nostic factors, hormone receptors may be used to pre-
dict risk of recurrence. Determination of ER-f has no
clinical application at present.

Recommended assays for ER and PR. ER (i.e., ER-a) and
PR can be measured by ligand-binding assay, ELISA, or
immunohistochemistry. The advantages and disad-
vantages of these different assays are summarized in
Table 13. Itisimportant to note that most of the clinical
data relating to both ER and PR were derived from
biochemical (ligand-binding and ELISA) assays. Some
recent investigations, however, have shown that the
immunohistochemical determination of ER provides
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clinical information at least as powerful as that ob-
tained with the biochemical assays (336—-341 ). Indeed,
one report stated that the use of immunohistochemis-
try to determine ER was superior to that of biochemical
assays for predicting response to therapy (336 ). Com-
pared to ER, fewer data are available on the clinical
value of PR as determined by immunohistochemistry
(341-343 ). As with ER, the predictive power of PR as
determined by immunohistochemistry appears to be
superior to that obtained using ligand-binding assays
(343).

Because of its ease of use and application to a wider
range of tumors (e.g., small as well as large tumors and
paraffin-embedded as well as frozen tissue), the NACB
Panel recommends the use of immunohistochemistry
for the determination of both ER and PR.

The following points should be borne in mind
when determining ER and PR by immunohisto-
chemistry:

Immunohistochemical assays used should have been
shown to give values that correlate with biochemical
assays and should be validated for both predictive
and prognostic purposes. Validated antibodies in-
clude 6F11 MAb (Novocastra) or antibody ID5
(Dako) for ER and antibody 1A6 (Novocastra), PR88
(Biogenex, Menarini Diagnostics) or monoclonal
antibody 1294 (Dako) for PR (336, 337, 343-345).
Internal controls should be included in each exami-
nation. A tissue control with receptor-positive cancer
cells and adjacent benign epithelium has been previ-
ously recommended (345).

Participation in an external quality assessment
scheme is essential (344, 345 ).

Scoring of stain may be based either on percentage of
cells stained or on a combination of percentage of
cells stained plus intensity of stain. A semiquantita-
tive score should be reported rather than a negative
or positive value (344, 345 ). It is important to state
that patients with low ER levels (e.g., staining in 1%-~—
10% of the cells) have been reported to respond to
endocrine therapy (336 ).

Only nuclear staining should be evaluated.

The report should mention source of primary anti-
body as well as type of tissue used (e.g., paraffin-em-
bedded or frozen) (345 ).

NACB BREAST CANCER PANEL RECOMMENDATION 1:
ER AND PR AS PREDICTIVE AND PROGNOSTIC MARKERS
ER and PR should be measured in all patients with
breast cancer. The primary purpose of measuring
these receptors is to identify patients with breast
cancer that can be treated with hormone therapy

[LOE, I; SOR, A].
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Table 11. Useful and potentially useful markers for breast cancer.

Cancer marker

ER

PR

HER-2

uPA

PAI-1

Cathepsin D

p53

Proposed use/uses

Tissue-based markers

For predicting response to hormone therapy
in both early and advanced breast cancer

In combination with other factors for
assessing prognosis in breast cancer. ER
alone is a relatively weak prognostic factor

Usually combined with ER for predicting
response to hormone therapy

Determining prognosis, most useful in node-
positive patients. Conflicting data in node-
negative patients

For selecting patients with either early or
metastatic breast cancer for treatment with
Trastuzumab (Herceptin)

For predicting resistance to tamoxifen therapy
in breast cancer, may be predictive of
relative resistance to tamoxifen in patients
with early breast cancer

For predicting resistance to CMF® in early
breast cancer, may be predictive of relative
resistance to CMF in patients with early
breast cancer

For selecting response to anthracycline-based
therapy in early breast cancer, HER-2 may
be associated with an enhanced response
to anthracycline-based therapy©

For determining prognosis in breast, cancer,
including the subgroup with axillary node-
negative disease

For predicting resistance to hormone therapy
in advanced breast cancer

For predicting enhanced response to
chemotherapy in early breast cancer

Usually assayed in combination with uPA, i.e.
for determining prognosis in breast cancer
including the subgroup with node-negative
disease. Provides prognostic information
additional to that of uPA

In combination with uPA may be of value for
predicting enhanced response to adjuvant
chemotherapy and resistance to hormone
therapy in advanced disease

For determining prognosis in breast cancer

For evaluating prognosis in breast cancer

For predicting response to chemotherapy or
hormone therapy in breast cancer

Phase of development LOE? Reference
In clinical use | (330, 331,
576)
In clinical use I} (576, 577)
In clinical use 11l (578, 579)
In clinical use in some centers 11-111 (580)
In clinical use (581-583)
Results conflicting, undergoing further 1] (348, 349)
evaluation
Results conflicting, undergoing further I (348, 349)
evaluation
Undergoing further evaluation i (348, 349,
351, 352)
Prognostic value validated in both a | (361-363)
prospective randomized trial and a
pooled-analysis. In clinical use in parts
of Europe, e.g. Germany
Undergoing evaluation -1V (584, 585)
Undergoing evaluation 1] (364, 365,
586)
Prognostic value validated in both a | (361-363)
prospective randomized trial and a
pooled-analysis. In clinical use in parts
of Europe, e.g. Germany
Undergoing further evaluation 1] (364, 365,
584-586)

Results conflicting. However, using a | (only in node- (587-589)

specific ELISA, most reports show a negative
prognostic value. Prognostic value in disease)
node-negative breast cancer validated
by meta-analysis. Not in clinical use
Results conflicting when p53 protein is Il (with IHC), (590, 591)
determined by IHC. Specific mutations | (with
in the p53 gene however, correlate mutation
with adverse outcome. Undergoing testing)
further evaluation
Results conflicting. Undergoing further 1] (591, 592)

evaluation
Continued on page e46
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Table 11. Useful and potentially useful markers for breast cancer. (Continued from page e45)

Cancer marker Proposed use/uses

DNA ploidy/S-  For assessing prognosis in breast cancer
phase

Gene For assessing prognosis?
expression
microarray

Oncotype For predicting recurrence in lymph node-
DX™ negative, ER-positive patients receiving
(a multiplex  adjuvant tamoxifen. May also predict
reverse- benefit from adjuvant chemotherapy in
transcription  node-negative, ER-positive patients
PCR assay)

Serum-based markers

CA 15-3 Postoperative surveillance in patients with no
evidence of disease

Monitoring therapy in advanced disease

Assessing prognosis. High preoperative levels
(e.g. > 30 U/L) predict adverse outcome

BR 27.29 Provides similar information to CA 15-3 but
not as widely investigated as CA 15-3
CEA Post-operative surveillance in patients with no
evidence of disease. Overall, appears to be
less sensitive than CA 15-3/BR 27.29
Monitoring therapy in advanced disease,

especially if CA 15-3/BR 27.29 is not
elevated

Assessing prognosis. High preoperative levels
predict adverse outcome

TPA Postoperative surveillance in patients with no
evidence of disease

Monitoring therapy in advanced disease. May
be useful if CA 15-3, BR 27.29 or CEA are
not elevated

TPS As for TPA
HER-2 (shed  Determining prognosis; predicting response to
form) hormone therapy, chemotherapy and

Trastuzumab; post-operative surveillance
and monitoring therapy in advanced
disease. Less sensitive than either CA 15-3
or CEA but may be useful in monitoring if
CA 15-3, BR 27.29 or CEA are not
elevated. Preliminary results suggest that
serum HER-2 may be of value in
monitoring Trastuzumab therapy in patients
with advanced breast cancer

Proteomics Detecting early disease and monitoring

Phase of development

Results conflicting. Undergoing further
evaluation

Undergoing evaluation. For one of these
profiles (387-390), a prospective
multicenter validation study is planned

Validated in prospectively designed
studies, assay can be carried out on
paraffin-embedded tissue. In clinical
use. A prospective multicenter
validation of the chemopredictive utility
is underway

In clinical use, but value of changing
therapy for patients with rising levels
not validated in a high-level evidence
study

In clinical use, but value not validated in
a high-level evidence study

Not in clinical use

In clinical use, but value not validated in
a high-level evidence study

In clinical use, but value not validated in
a high-level evidence study

In clinical use, but value not validated in
a high-level evidence study

Not in clinical use

In clinical use in some countries, but
value not validated in a high level
evidence study

In clinical uses in certain countries, but
value not validated by a high level
evidence study

As for TPA
Undergoing evaluation

Undergoing evaluation, results to date
conflicting

LOE? Reference

(593, 594)

(385-389)

|-l (for patients (391-395)
receiving
adjuvant

ta

I
-1V

VIV

moxifen)

(381, 595)

(381, 595)
(596-599)
(600, 601)

(377,
602-604)

(377,
602-604)

(596, 598,

604)
(377, 603)

(595, 603)

(605, 606)
(353, 607)

(608, 609)

Continued on page e47
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Table 11. Useful and potentially useful markers for breast cancer. (Continued from page e46)

Cancer marker Proposed use/uses Phase of development LOE? Reference
Tumor cells (detected by other than hematoxylin and eosin staining)
Tumor cells in  For assessing prognosis Prognostic value validated in a pooled | (610-612)
bone analysis. Not in widespread clinical use.
marrow Not clear if of value in otherwise
favorable prognostic patients
Tumor cells in  Prognosis/staging Most studies conclude that the detection  II-Ill (613, 614)
axillary of tumor cells in axillary nodes predicts
nodes adverse prognosis but prognostic
impact appears relatively weak.
Undergoing further evaluation
Tumor cells in  Prognosis/staging® Undergoing evaluation. Two prospective  IV/V (615, 616)
sentinel trials are currently in progress
lymph
nodes
Tumor cells in  For assessing prognosis and monitoring Undergoing evaluation. Available but not I (226, 617,
circulation therapy in advanced disease widely used in clinical practice. 618)
Prospective randomized trial underway
Genetic markers
BRCA1 For identifying individuals who are at high In clinical use in specialized centers Expert opinion (324, 347,
risk of developing breast or ovarian cancer 382-384)
in high risk families
BRCA2 As for BRCAT In clinical use in specialized centers Expert opinion (324, 347,
382-384)

2LOE (120), level 1, evidence from a single, high-powered, prospective, controlled study that is specifically designed to test the marker, or evidence from a
meta-analysis, pooled analysis or overview of level Il or Ill studies; level Il, evidence from a study in which marker data are determined in relationship to prospective
therapeutic trial that is performed to test therapeutic hypothesis but not specifically designed to test marker utility; level Ill, evidence from large prospective studies;

in axillary sentinel lymph nodes.

level 1V, evidence from small retrospective studies; level V, evidence from small pilot studies.

b CMF, cyclophosphamide, methotrexate, 5-fluorouracil; TPS, tissue polypeptide specific-antigen.

“This effect may be due to amplification of the topoisomerase Ila gene (619, 620).

9 Recently, a specific gene profile (MammaPrint®, Agendia, the Netherlands) was cleared by the FDA for determining prognosis in breast cancer patients <61 years
of age with stage | or stage Il breast cancer, with tumors 5 cm or less in size and lymph node-negative disease.

¢ A molecular test, GeneSearch™ Breast Lymph Node (BLN) Assay (Veridex, Raritan, New Jersey), was recently cleared by the FDA for the detection of metastases

In combination with established prognostic
factors, i.e., tumor stage, tumor grade, and number
of lymph node metastases, ER and PR may also be
used for determining short-term prognosis in pa-
tients with newly diagnosed breast cancer [LOE, I1I;
SOR, B].

HER-2 gene. In agreement with the ASCO (243 ), joint
ASCO/College of American Pathologists (346 ), and
NCCN Panels (347), the NACB Panel also recom-
mends determination of the gene HER-2° on all newly
diagnosed patients with invasive breast cancers (Table
12). At present, the primary purpose for determining
HER-2 is to select patients who may be treated with
Trastuzumab in either early or advanced breast cancer.
In combination with other factors, HER-2 may also be

36 HER-2 and NEU are aliases for ERBB2 [v-erb-b2 erythroblastic leukemia viral
oncogene homolog 2, neuro/glioblastoma derived oncogene homolog (avian)].

used to determine prognosis. Insufficient data are cur-
rently available to recommend HER-2 for predicting
response either to adjuvant endocrine therapy or to
cyclophosphamide, methotrexate and 5-fluorouracil—
based adjuvant chemotherapy (243, 348—-351 ). HER-2,
however, may be used to predict the superiority of an-
thracycline-based adjuvant chemotherapy over meth-
otrexate and 5-fluorouracil-based adjuvant chemo-
therapy (243, 348-350, 352 ). Insufficient data are
presently available to recommend routine use of serum
HER-2 testing. Preliminary findings, however, suggest
that serum HER-2 may be of value in monitoring pa-
tients with advanced breast cancer undergoing treat-
ment with Trastuzumab (353 ).

Recommended assays for HER-2. Two main types of as-
say are used to detect HER-2 in breast tumors, i.e.,
immunohistochemical analysis (IHC) and FISH (354 —
360 ). The advantages and disadvantages of these meth-
ods are summarized in Table 14 (354360 ).

Clinical Chemistry 54:12 (2008) e47
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Table 13. Advantages and disadvantages of different assays for hormone receptors

Expensive

Requires large amount of tumor tissue

Requires frozen tissue (must be rapidly
frozen in liquid nitrogen and maintained at
low temperature)

e Requires radioactivity

e May yield false-negative ER values®

tissue mass.

Ligand-binding assay ELISA Immunohistochemistry
Advantages
e Quantitative e Quantitative o Simple and relatively inexpensive
e Can determine functionality of receptor ¢ No radioactivity required e (Can assess tissue architecture, distinguishing
with respect to hormone binding invasive, in situ and normal breast tissue
e Can determine K, of receptor for ligand e Simpler than ligand binding e Can use small amounts of tissue including
fine needle aspirates and core needle
biopsies
e Should be able to detect total ER, i.e. ER-« e Normal breast epithelial cells in adjacent
and ER-B but does not discriminate tissue provide an internal positive control, at
between the two forms least for ER
Disadvantages
e Time-consuming e Requires large amount of frozen e Semiquantitative
tissue
e Cumbersome e Relatively time-consuming o Interpretation subjective

2 In tumors removed from patients receiving tamoxifen, in which endogenous levels of steroid ligand are high, or when insufficient breast cancer is present in the

e Difficult to standardize
o Different antibodies can give different results

Following a systematic review of the literature, a
joint ASCO/College of American Pathologists panel re-
cently published comprehensive guidelines for HER-2
testing in patients with invasive breast cancer (346 ).
Some of the key conclusions are as follows:

+ As presently performed, approximately 20% of
HER-2 testing may be inaccurate.

* When properly validated assays are used, existing
data does not clearly show a superiority for either
IHC or FISH for predicting response to Trastuzumab.

+ HER-2 should be measured on the invasive compo-
nent of the breast cancer.

+ Laboratories performing HER-2 assays should show

atleast 95% concordance with another validated test.

Validation of assays or modifications, the use of stan-

dard operating procedures, and compliance with

new testing criteria should be monitored by using
stringent laboratory accreditation standards, profi-
ciency testing, and competency (346 ).

The ASCO/College of American Pathologists
panel recommended the following algorithm for defin-
ing HER-2 status:

+ HER-2 positivity was defined as IHC staining of 3+
(uniform and intense membrane staining of >30%
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of invasive cancer cells), a FISH value >6 HER-2
gene copies per nucleus or a FISH ratio (HER-2:CEP
17) of >2.2 (CEP, centromeric probe for chromo-
some 17).

+ HER-2 negativity was defined as an IHC score of 0 or
1+, a FISH value of <4 HER-2 gene copies per nu-
cleus or a FISH ratio of <1.8.

+ HER-2THC was regarded to be equivocal with a score
of 2+, i.e., complete membrane staining that is either
nonuniform or weak in intensity but with clear cir-
cumferential distribution in at least 10% of cells. The
equivocal range for FISH was an HER-2:CEP 17 ratio
from 1.8-2.2 or an average gene copy number from
4.0-6.0 for those assays without an internal probe.
For samples with equivocal IHC scores, FISH should
be performed. For samples with equivocal FISH re-
sults, the test should be either repeated or additional
cells counted.

The NACB Panel supports the above recommenda-
tions.

Currently, the FDA has approved a number of as-
says for detecting HER-2 in breast cancer. Two of these
assays are based on immunohistochemistry (Dako and
Ventana Medical Systems) and 2 on FISH (Ventana
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Table 14. Advantages and disadvantages of different assays for HER-2 IHC?

Immunohistochemistry

Advantages
e Low cost
e Simple
o Widely available
Disadvantages
o Evaluation is subjective and thus difficult to standardize

o Loss of sensitivity due to antigenic alteration due to
fixation

o Wide variability in sensitivity of different antibodies and
different results from the same antibody, depending on
staining procedure

o Borderline values (e.g. 2+) require additional testing,
such as FISH

@ Data summarized from refs (354-360).

FISH

Relatively more objective scoring system and easier to standardize

Provides a more robust signal than immunohistochemistry

Relatively expensive

Less widely available than immunohistochemistry (requires
fluorescent microscope)

May sometimes be difficult to identify carcinoma in tissues with
ductal carcinoma in situ

Requires longer time for scoring than immunohistochemistry
Unable to preserve slide for storage and review

Cutoff to establish critical level of amplification and clinical
outcome uncertain

Medical Systems and Vysis Inc). Both IHC assays were
originally approved for identifying women with ad-
vanced breast cancer for therapy with Trastuzumab.
The FISH-based tests were originally cleared for the
selection of women with node-negative disease at high
risk for progression and for response to doxorubicin-
based therapy. More recently, these tests have also been
approved for selecting women with metastatic breast
cancer for treatment with Trastuzumab. In 2008, the
FDA gave premarket clearance for a new chromogenic
in situ hybridization (CISH) assay (Invitrogen) for
identifying patients eligible for Trastuzumab. A serum-
based-HER-2 test has been cleared by the FDA for fol-
low-up and monitoring patients with advanced breast
cancer (Siemens Healthcare Diagnostics).

NACB BREAST CANCER PANEL RECOMMENDATION 2:
HER-2 AS A PREDICTIVE AND PROGNOSTIC MARKER
HER-2 should be measured in all patients with in-
vasive breast cancer. The primary purpose of mea-
suring HER-2 is to select patients with breast cancer
that may be treated with Trastuzumab [LOE, [;

SOR, A].

HER-2 may also identify patients that prefer-
entially benefit from anthracycline-based adjuvant
chemotherapy [LOE, II/III; SOR, B].

uPA and PAI-1. Results from a pooled analysis com-
prising more than 8000 patients have shown that both
uPA and PAI-1 are strong (relative risk >2) and inde-

pendent (i.e., independent of nodal metastases, tumor
size, and hormone receptor status) prognostic factors
in breast cancer (361 ). For axillary node—negative pa-
tients, the prognostic impact of these 2 proteins has
been validated by use of both a randomized prospective
trial (Chemo N, study) and a pooled analysis of small-
scale retrospective and prospective studies (361, 362 ).
uPA and PAI-1 are thus the first biological factors in
breast cancer to have their prognostic value validated
by using level 1—evidence studies (363 ).

The NACB Panel therefore states that testing for
uPA and PAI-1 may be carried out to identify lymph
node—negative patients who do not need or are unlikely
to benefit from adjuvant chemotherapy. Measurement
of both proteins should be performed because the in-
formation provided by the combination is superior to
that from either alone (361, 364). Lymph node-nega-
tive patients with low levels of both uPA and PAI-1
have a low risk of disease relapse and thus may be
spared from the toxic side effects and costs of adjuvant
chemotherapy. Lymph node-negative women with
high levels of either uPA or PAI-1 should be treated
with adjuvant chemotherapy. Indeed, results from the
Chemo Ny, trial (362 ) as well as data from recent large
retrospective studies (364, 365) suggest that patients
with high levels of uPA/PAI-1 derive an enhanced ben-
efit from adjuvant chemotherapy.

Recommended assays for uPA and PAI-1. Measurement
of both uPA and PAI-1 should be carried out using a

Clinical Chemistry 54:12 (2008) e51



validated ELISA. A number of ELISAs have undergone
technical validation (366 ), and some have also been
evaluated in an external quality assessment scheme
(367 ). For determining prognosis in breast cancer, the
NACB Panel recommends use of an ELISA that has
been both technically and clinically validated (e.g.,
from American Diagnostic). Extraction of tumor tissue
with Triton X-100 is reccommended (368 ). It is impor-
tant to note that to perform an ELISA for uPA or PAI-1,
a representative piece of fresh (i.e., not fixed in forma-
lin) breast tumor (>200-300 mg) must be stored
in liquid nitrogen immediately after histological
diagnosis.

Recently, a microassay using as little as 100 mg of
tumor tissue was described for the measurement of
uPA and PAI-1 (369, 370 ). This assay can also use ma-
terial from 2 or 3 core biopsies or from 5-10 90-um-—
thick cryosections. Although not yet clinically vali-
dated, preliminary data showed that uPA and PAI-1
levels in core biopsies correlated well with correspond-
ing levels in surgically removed tissue. Because IHC
determination of uPA/PAI-1 has not yet been clinically
validated, this method cannot be recommended, at
present, for the routine determination of these proteins
in breast cancer.

NACB BREAST CANCER PANEL RECOMMENDATION 3:

uPA AND PAI-1 FOR DETERMINING PROGNOSIS
uPA and PAI-1 may be used to identify lymph no-
de—negative breast cancer patients who do not need
or are unlikely to benefit from adjuvant chemother-
apy. uPA and PAI-1 should be measured by a vali-
dated ELISA using extracts of fresh or freshly frozen
tumor [LOE, I; SOR, A].

CA 15-3/BR 27.29. The CA 15-3 and BR 27.29 (also
known as CA 27.29) serum assays detect the same an-
tigen, i.e., MUCI protein, and provide similar clinical
information. CA 15-3 has, however, been more widely
investigated than BR 27.29. There are conflicting views
about the value of CA 15-3 and BR 27.29 in the post-
operative surveillance of asymptomatic patients who
have undergone curative surgery for breast cancer
(15, 242, 243, 371-375 ). Although increasing CA 15-3
or BR 27.29 levels can preclinically detect distant met-
astatic disease in approximately 70% of asymptomatic
patients, there is no high-level evidence study showing
that the early diagnosis of progressive disease followed
by initiation of therapy positively impacts either pa-
tient survival or quality of life. Furthermore, there is no
universally accepted or clinically validated definition of
a clinically significant tumor marker increase. A con-
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firmed increase of at least 25% however, is widely in-
terpreted to signify a clinically significant increase.

Based on current evidence, the NACB Panel rec-
ommends against routine CA 15-3 (or BR 27.29) test-
ing in asymptomatic patients following diagnosis of
operable breast cancer. The Panel, however, would like
to note that there are a number of small studies sug-
gesting that the early initiation of therapy based on in-
creasing serum markers levels can lead to an enhanced
outcome (376-378). Although these studies do not
provide high-level evidence that early treatment based
on rising tumor marker levels positively impacts on
patient outcome, some doctors as well as some patients
may wish to have serial levels of CA 15-3 (or BR 27.29)
determined following primary surgery. The ultimate
decision about whether or not to use CA 15-3 (BR
27.29) in this situation must be made by the doctor in
consultation with the patient.

According to both ASCO and NCCN, CA 15-3 (or
BR 27.29) should not be used alone for monitoring
therapy in advanced disease (242, 243, 347, 375). The
EGTM Panel recommends that in patients with meta-
static disease, markers should be determined before
each course of chemotherapy and at least every 3
months for patients receiving hormone therapy (371 ).

The NACB Panel states that CA 15-3 or BR 27.29
in combination with imaging and clinical examination
may be used to monitor chemotherapy in patients with
advanced breast cancer. These markers may be partic-
ularly helpful in patients with nonevaluable disease. In
such patients, 2 successive increases (e.g., each >30%)
are likely to indicate progressive disease and may result
in cessation of therapy, change in therapy, or entry of
the patient into clinical trials evaluating new anticancer
treatments. However, as with markers during postop-
erative surveillance, there is no universally accepted or
clinically validated definition of a clinically significant
increase in marker concentration during therapy of ad-
vanced disease.

It is important to bear in mind that following the
initiation of chemotherapy, a transient increase in se-
rum marker levels may occur (379, 380). Such tran-
sient increases or spikes usually subside within 6—12
weeks after starting chemotherapy. Increases in marker
levels unrelated to tumor progression might also occur
as a result of certain benign diseases (381 ). These in-
creases may be transient or progressive depending on
whether the benign disease is short-lived or continues
to deteriorate.

Recommended assays for CA 15-3/BR 27.29. The FDA
has cleared a number of commercially available CA
15-3 and BR 27.29 assays.
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NACB BREAST CANCER PANEL RECOMMENDATION 4:

CA 15-3 AND BR 27.29 IN POSTOPERATIVE SURVEILLANCE
AND MONITORING THERAPY IN ADVANCED DISEASE
CA 15-3 and BR 27.29 should not be routinely used
for the early detection of recurrences/metastases in
asymptomatic patients with diagnosed breast can-
cer. However, because some patients, as well as
some doctors, may wish to have these measure-
ments, the ultimate decision on whether or not
to use CA 15-3 or BR 27.29 must be made by the
doctor in consultation with the patient [LOE, III;

SOR, B].

In combination with radiology and clinical ex-
amination, CA 15-3 or BR 27.29 may be used to
monitor chemotherapy in patients with advanced
breast cancer. For patients with nonevaluable dis-
ease, sustained increases in marker concentrations
suggest progressive disease [LOE, III; SOR, B].

Carcinoembryonic antigen. As for CA 15-3 and BR
27.29, the NACB Panel does not recommend routine
use of CEA in the surveillance of patients with diag-
nosed breast cancer. For monitoring patients with ad-
vanced disease, CEA should not be used alone. For
monitoring patients with nonevaluable disease, CEA
may occasionally be informative when CA 15-3/BR
27.29 is not. As a marker for breast cancer, CEA is gen-
erally less sensitive than CA 15-3/BR 27.29, but on oc-
casion, CEA can be informative when levels of MUC-
1-related markers remain below the cutoff point.

Recommended assay for CEA. The FDA has cleared a
number of commercially available CEA assays.

NACB BREAST CANCER PANEL RECOMMENDATION 5:
CEA IN POSTOPERATIVE SURVEILLANCE AND MONITORING
OF THERAPY IN ADVANCED DISEASE
CEA should not be routinely used for the early de-
tection of recurrences/metastases in patients with
diagnosed breast cancer. However, because some
patients as well as some doctors may wish to have
these measurements, the ultimate decision on
whether or not to use CEA must be made by the
doctor in consultation with the patient [LOE, III;

SOR, BJ.

In conjunction with radiology and clinical ex-
amination, CEA may be used to monitor chemo-
therapy in patients with advanced breast cancer. In
patients with nonevaluable disease, sustained in-
creases in CEA concentrations suggest progressive
disease [LOE, III; SOR, B].

BRCA1 and BRCA2 genes. According to the task force
of the Cancer Genetics Studies Consortium, early
breast and ovarian cancer screening are recommended
for individuals with breast cancer 1, early onset
(BRCATI) mutations and early breast cancer screening
for those with breast cancer 2, early onset (BRCA2)
mutations (382). No recommendation, however, was
made for or against prophylactic surgery (e.g., mastec-
tomy or oophorectomy). The guidelines further stated
that “these surgeries are an option for mutation carri-
ers, but evidence of benefit is lacking, and case reports
have documented the occurrence of cancer following
prophylactic surgery. It is recommended that individ-
uals considering genetic testing be counselled regard-
ing the unknown efficacy of measures to reduce risk
and that care for individuals with cancer-predisposing
mutations be provided whenever possible within the
context of research protocols designed to evaluate clin-
ical outcome” (382 ). It is important to point out that
these guidelines were based on expert opinion only.

In 2003, an ASCO Panel published a detailed pol-
icy statement regarding genetic testing for cancer sus-
ceptibility (324 ). This statement included recommen-
dations in the following areas: indications for genetic
testing, regulation of testing, insurance reimburse-
ment, protection from discrimination, confidentiality
issues associated with genetic testing, and continuing
educational challenges and special research issues sur-
rounding genetic testing of human tissues.

According to the 2005 Consensus Panel of the 8th
St Gallen Conference, treatment decisions for women
with mutations in BRCAI or BRCA2 genes “need to
include consideration of bilateral mastectomy with plastic
surgical reconstruction, prophylactic oophorectomy,
chemoprevention and intensified surveillance” (350).

The NACB Panel supports the statements pub-
lished by the Cancer Genetics Studies Consortium,
ASCO, US Preventive Services Task Force, and the St
Gallen Consensus Panel (324, 350, 382-384 ).

NACB BREAST CANCER PANEL RECOMMENDATION 6:

BRCAI AND BRCA2 MUTATION TESTING FOR IDENTIFYING

WOMEN AT HIGH RISK OF DEVELOPING BREAST CANCER
BRCAI and BRCA2 mutation testing may be used
for identifying women who are at high risk of de-
veloping breast or ovarian cancer in high-risk fam-
ilies. For those with such mutations, screening
should begin at 25-30 years of age. Insufficient data
exist, however, to recommend a specific surveil-
lance/screening strategy for young women at high
risk. Appropriate counselling should be given to
any individual considering BRCA1/2 testing [LOE,
expert opinion; SOR, B].

Clinical Chemistry 54:12 (2008) 53



MULTIGENE GENE SIGNATURES

Gene expression profiling. Gene expression profiling
uses microarray technology to measure the simulta-
neous expression of thousands of genes. At least 8 gene
signatures have been described for predicting outcome
in patients with breast cancer [for review, see ref
(385)]. Although these signatures contain few genes
that overlap, most give similar prognostic information
(386).

In one of the first clinical microarray studies, van’t
Veer et al. (387) described a 70-gene signature that
correctly predicted the later appearance of distant me-
tastasis in 65 of 78 patients with newly diagnosed
lymph node—negative breast cancer patients younger
than 55 years who had not received systemic treatment.
Application of this signature to an independent set of
19 breast cancers resulted in only 2 incorrect classifica-
tions. This 70-gene signature was subsequently both
internally (388 ) and externally validated (389 ). In both
the internal and external validations studies, the prog-
nostic impact of the gene signature was independent of
the conventional prognostic factors for breast cancer.

Currently this 70-gene signature is undergoing
prospective validation as part of the Microarray
for Node-Negative Disease Avoids Chemotherapy
(MINDACT) trial (390). The primary objective of this
trial is to establish if lymph node—negative breast cancer
patients with low risk of recurrence based on the above
gene signature but at high risk of recurrence based on
clinicopathological factors can be safely spared adjuvant
chemotherapy without affecting distant metastasis-free
survival.

NACB BREAST CANCER PANEL RECOMMENDATION 7:
GENE EXPRESSION PROFILING, AS DETERMINED BY
MICROARRAY, FOR PREDICTING OUTCOME
None of the microarray-based gene signatures cur-
rently available should be routinely used for pre-

dicting patient outcome [LOE, III; SOR, B].

Oncotype DX™ test. Oncotype DX™ is a multigene as-
say that quantifies the likelihood of breast cancer recur-
rence in women with newly diagnosed, early-stage
breast cancer (for review, see (391 ). Rather than using
microarray technology, this test uses reverse-transcrip-
tion PCR to measure the expression of 21 genes (16
cancer-associated and 5 control genes). Based on the
expression of these genes, a recurrence score (RS) was
calculated that predicted low, intermediate, and high
risk of distant metastasis for ER-positive patients
treated with adjuvant tamoxifen (392). The RS was
prospectively validated in an independent population
of lymph node—negative ER-positive patients treated
with adjuvant tamoxifen, as part of the National Surgi-
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cal Adjuvant Breast and Bowel Project trial B14 (392 ).
In this validation study, the RS was an independent
predictor of patient outcome. The independent prog-
nostic impact of the RS was later confirmed in a popu-
lation-based case-control study (393 ). Although a low
RS predicted good outcome in patients treated with
adjuvant tamoxifen, a high RS was found to be associ-
ated with favorable outcome in patients treated with
either neoadjuvant or adjuvant chemotherapy (394,
395). A particular advantage of this test is that it may be
carried out on formal-fixed paraffin embedded tissue.

Currently, the RS is undergoing prospective vali-
dation as part of the Trial Assigning Individualized Op-
tions for Treatment (TAILORx) trial (396). In this
trial, patients with intermediate RS are being random-
ized to receive hormonal therapy alone or hormone
therapy plus chemotherapy. The aim is to establish if
adjuvant chemotherapy improves survival in the group
of patients with the intermediate score. Also, in this
trial, patients with low RS after tamoxifen therapy will
receive endocrine treatment, whereas those with high
RS will be given chemotherapy and hormone therapy.

NACB BREAST CANCER PANEL RECOMMENDATION 8:

ONCOTYPE DX TEST FOR PREDICTING OUTCOME
The Oncotype DX test may be used for predicting
recurrence in lymph node-negative, ER-positive
patients receiving adjuvant tamoxifen. Patients
predicted to have a good outcome may be able to
avoid having to undergo treatment with adjuvant
chemotherapy [LOE, I/II; SOR, A].

The Oncotype DX test may also be used to
predict benefit from adjuvant chemotherapy
(cyclophosphamide-methotrexate-5-fluorouracil or
methotrexate-5-fluorouracil) in node-negative,
ER-positive patients, i.e., patients with a high recur-
rence score appear to derive greater benefit from
chemotherapy than those with low scores [LOE, III;
SOR, BJ.

KEY POINTS: TUMOR MARKERS IN BREAST CANCER

The best-validated markers in breast cancer are all tis-
sue based and include ER, PR, HER-2, uPA, and PAI-1.
Assay of ER, PR, and HER-2 is now mandatory for all
newly diagnosed breast cancer patients. The measure-
ment of uPA and PAI-1, although technically and clin-
ically validated (361-363, 366, 367 ), is not presently in
widespread clinical use, mainly due to the requirement
of a minimum amount of fresh or freshly frozen tissue.
Assay of these proteins however, may be used to aid in
the selection of lymph node—negative breast cancer pa-
tients who do not need adjuvant chemotherapy. Simi-
larly, the Oncotype DX test may be used for predicting
recurrence in lymph node—negative, ER-positive pa-
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tients receiving adjuvant tamoxifen. Although widely
used in postoperative surveillance and monitoring
therapy in advanced disease, the clinical value of CA
15-3 and other serum markers has not yet been vali-
dated by a level I evidence study.

Tumor Markers in Ovarian Cancer®”*%

BACKGROUND

In the US, ovarian cancer is among the top 4 most lethal
malignant diseases in women, who have a lifetime
probability of developing the disease of 1 in 59 (397 ).
Worldwide, the incidence of ovarian cancer was esti-
mated as 204 499 cases per year with a corresponding
124 860 deaths (398 ).

The overall mortality of ovarian cancer is still high
despite new chemotherapeutic agents, which have sig-
nificantly improved the 5-year survival rate (118). The
main reason for high mortality is lack of success in
diagnosing ovarian cancer at an early stage, because the
great majority of patients with advanced stage ovarian
carcinoma die of the disease. In contrast, if ovarian
cancer is detected early, 90% of those with well-differ-
entiated disease confined to the ovary survive. Further-
more, biomarkers that can reliably predict clinical be-
havior and response to treatment are generally lacking.
The search for tumor markers for the early detection
and outcome prediction of ovarian carcinoma is there-
fore of profound importance and is a subject of critical
importance in the study of ovarian cancer.

Although ovarian cancer is often considered to be
a single disease, it is composed of several related but
distinct tumor categories including surface epithelial
tumors, sex-cord stromal tumors, and germ cell tu-
mors (399 ). Within each category are several histolog-
ical subtypes. Of these, epithelial tumors (carcinomas)
are the most common and are divided, according to the
International Federation of Gynecology and Obstetrics
(FIGO) and WHO classifications, into 5 histologic
types: serous, mucinous, endometrioid, clear cell, and
transitional (400 ). The different types of ovarian can-
cers are not only histologically distinct but are charac-
terized by different clinical behavior, tumorigenesis,
and pattern of gene expression. Based on prevalence
and mortality, serous ovarian carcinoma is the most
important and represents the majority of all primary
ovarian carcinomas (401 ). Therefore, unless otherwise
specified, serous carcinoma is what is generally thought
of as “ovarian cancer.”

37 NACB Ovarian Cancer Sub-Committee Members: Daniel W. Chan, Chair; Robert
C. Bast, Jr.; le-Ming Shih; Lori J. Sokoll; and Gyorgy Solétormos.

38 All comments received about the NACB Recommendations for Ovarian Cancer
are included in the online Data Supplement. Professor Gordon Rustin, Professor
Bengt Tholander, and Professor M. Tuxen were invited expert reviewers.

The search for more effective biomarkers depends
on a better understanding of the pathogenesis of ovar-
ian cancer, i.e., the molecular events in its develop-
ment. Based on a review of recent clinicopathological
and molecular studies, a model for the development
of ovarian carcinomas has been proposed (402). In
this model, surface epithelial tumors are divided
into 2 broad categories designated type I and type II
tumors, which correspond to 2 main pathways of
tumorigenesis.

Type I tumors tend to be low-grade neoplasms
thatarise in a stepwise fashion from borderline tumors,
whereas type II tumors are high-grade neoplasms for
which morphologically recognizable precursor lesions
have not been identified, so-called de novo develop-
ment. Because serous tumors are the most common
surface epithelial tumors, low-grade serous carcinoma
is the prototypic type I tumor, and high-grade serous
carcinoma is the prototypic type II tumor.

In addition to low-grade serous carcinomas, type
tumors are composed of mucinous carcinomas, endo-
metrioid carcinomas, malignant Brenner tumors, and
clear cell carcinomas. Type I tumors are associated with
distinct molecular changes that are rarely found in type
II tumors, such as BRAF?® and KRAS mutations for
serous tumors, KRAS mutations for mucinous tumors,
and B-catenin and PTEN mutations and MSI for endo-
metrioid tumors.

Type II tumors include high-grade serous carci-
noma, malignant mixed mesodermal tumors (carcino-
sarcoma), and undifferentiated carcinoma. There are
very limited data on the molecular alterations associ-
ated with type II tumors, except frequent p53 muta-
tions in high-grade serous carcinomas and malignant
mixed mesodermal tumors (carcinosarcomas). This
model of carcinogenesis provides a molecular platform
for the discovery of new ovarian cancer markers.

To prepare these guidelines, the literature relevant
to the use of tumor markers in ovarian cancer was re-
viewed. Particular attention was given to reviews in-
cluding systematic reviews, prospective randomized
trials that included the use of markers, and guidelines
issued by expert panels. Where possible, the consensus
recommendations of the NACB Panel were based on
available evidence, i.e., were evidence-based.

CURRENTLY AVAILABLE MARKERS FOR OVARIAN CANCER

The most widely studied ovarian cancer body fluid—
and tissue-based tumor markers for ovarian cancer are
listed in Table 15, which also summarizes the phase of

39 BRAF, v-raf murine sarcoma viral oncogene homolog B1; KRAS, v-Ki-ras2
Kirsten rat sarcoma viral oncogene homolog; PTEN, phosphatase and tensin
homolog.
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Table 15. Currently available serum markers for ovarian cancer.

Cancer marker

CA125°

Proposed uses

Differential diagnosis of pelvic masses

Monitoring treatment with

chemotherapy

Her-2/neu Tissue marker for prognosis prediction
and treatment outcome

Akt-2 Tissue marker for prognosis prediction

Inhibin Detection

HLA-G Differential diagnosis

TATI Tumor monitoring

CASA Tumor monitoring, prognosis prediction

TPA Tumor monitoring

CEA Tumor monitoring

LPA Detection

PAI-1 Prognosis prediction

Interleukin-6 Prognosis prediction

Kallikreins 5, 6, 7, 8, 9,
10, 11, 13, 14, 15

hCGpcf
Prostasin

Differential diagnosis, tumor
monitoring, prognosis prediction

Prognosis prediction
Differential diagnosis
Osteopontin
HE4¢

Tumor monitoring

Differential diagnosis of pelvic masses,
monitoring therapy

Mitogen-activated
protein kinase

Tissue marker for prognosis prediction

Insulin-like growth
factor binding
protein-2 (IGFBP-2)

RSF-1
NAC-1

Prognosis prediction

Prognosis prediction

Prognosis prediction

b Refer to Table 16 for additional information.

2LOE (120), level 1, evidence from a single, high-powered, prospective, controlled study that is specifically designed to test the marker, or evidence from a
meta-analysis, pooled analysis or overview of level Il or Il studies; level II, evidence from a study in which marker data are determined in relationship to prospective
therapeutic trial that is performed to test therapeutic hypothesis but not specifically designed to test marker utility; level IlI, evidence from large prospective studies;
level 1V, evidence from small retrospective studies; level V, evidence from small pilot studies.

“Note added at proofs stage: HE4 was recently cleared by the FDA as an aid for monitoring patients with ovarian cancer.

Phase of development  LOE? References
Accepted clinical use 1] (407, 411)
Accepted clinical use I, 1l (407, 408, 411, 428, 623—
627)
Evaluation 1\ (628)
Research/discovery \% (500)
Evaluation \% (506-508)
Research/discovery v (629)
Research/discovery IV, V (480)
Research/discovery \% (473, 482-484, 630)
Research/discovery 1\ (472, 473)
Research/discovery v (473)
Evaluation IV, V. (474, 631)
Research/discovery v (485, 486, 632)
Research/discovery 1\ (487-489)
Research/discovery IV, vV (445-465)
Evaluation I, IV (491, 492)
Research/discovery v (470)
Research/discovery W, IV (468, 469, 633, 634)
In clinical use in some Il IV (635-637)
centers
Research/discovery Vv (504, 505)
Research/discovery \% (638)
Research/discovery V (512, 513)
Research/discovery Vv (516, 518)

development of each marker and LOE for its clinical
use. The LOE grading system is based on a previous
report describing the framework to evaluate clinical
utility of tumor markers (120). The following discus-
sion will focus mainly on CA125, which is the most
widely investigated marker in ovarian cancer.

TUMOR MARKERS IN OVARIAN CANCER:

NACB RECOMMENDATIONS

Several organizations, including the EGTM (403, 404 ),
the American College of Physicians (405 ), the Euro-
pean Society for Medical Oncology (406) and the
NCCN (407 ) have developed guidelines for the use of
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CA125 as a tumor marker for ovarian cancer. In addi-
tion, an NIH Consensus Conference on screening, pre-
vention, diagnosis, and treatment of ovarian cancer
was held in 1994 (408 ). Recommendations from these
groups are summarized in Table 16. Table 16 also in-
cludes previous recommendations from the NACB as
well as current recommendations based on the infor-
mation below and other established guidelines.

CA125
In 1981, Bast et al. identified the CA125 antigen with
the development of the OC 125 murine monoclonal
antibody against cell line OVCA 433, which was de-
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rived from a patient with ovarian serous carcinoma
(409 ). The CA125 molecule has since been cloned by
use of a partial cDNA sequence originating from the
peptide core of the molecule identified (410 ). This new
mucin molecule has been designated CA125/MUCI16
[mucin 16, cell surface associated (MUCI6) gene] and
consists of a 156—amino-acid tandem-repeat region in
the N-terminus and a possible transmembrane region
and tyrosine phosphorylation site in the C-terminus.

The first immunoassay for CA125, commercial-
ized in 1983, used the OC 125 antibody for both cap-
ture and detection (411, 412). A second-generation
assay (CA12511) was subsequently developed, incorpo-
rating M11 and OC 125 antibodies, which have distinct
nonoverlapping epitopes. Assays for CA125 have since
been adapted to automated platforms, and although
the majority of manufacturers quote a similar reference
interval, concentrations of CA125 may vary among
manufacturers owing to differences in calibration, as-
say design, and reagent specificities. The lack of an In-
ternational Standard for CA125 hampers progress in
improving between-method comparability, and the
clinical and laboratory communities should work to-
ward producing and adopting such a standard. For the
present, values from different methods are not inter-
changeable, and patients who are serially monitored
should be rebaselined if there is a change in methodol-
ogy (413 ). Manufacturers should specify the standard
preparation against which their method is calibrated,
and laboratories should indicate the CA125 method
used on their clinical reports.

The cutoff of 35 kU/L for the CA125 and CA1251I
assays was determined from the distribution of values
in healthy individuals so as to include 99% of normals
(414 ). Values tend to decline with menopause and ag-
ing (415). It has recently been reported that CA125I1
concentrations vary 20%-50% by race in postmeno-
pausal women, with concentrations in African and
Asian women lower than in white women (415 ). Men-
strual cycle variations can also be found (412). In-
creased values may be found in 1%-2% of normal
healthy individuals, 5% of those with benign diseases,
and 28% of those with nongynecologic cancers
(15,411, 412).

It is recommended that analysis be performed
shortly after prompt centrifugation of the specimen
and separation of serum from the clot, and that speci-
mens be stored at either 4 °C (1-5 days) or —20 °C (2
weeks—3 months) in the short term, or —70 °C in the
long term to ensure stability (15). Plasma is an accept-
able specimen type for some assays, where indicated by
the manufacturer. As in other immunoassays, assay in-
terferences may be observed if heterophilic antibodies
are present in the serum, particularly following thera-
peutic or diagnostic use of monoclonal antibodies.

e58 Clinical Chemistry 54:12 (2008)

NACB OVARIAN CANCER PANEL RECOMMENDATION 1:
HANDLING OF SPECIMENS FOR CA125 DETERMINATION
Analysis should be performed shortly after prompt
centrifugation of the specimen and separation of
serum from the clot, and specimens stored at either
4 °C (1-5 days) or —20 °C (2 weeks—3 months) in
the short term or —70 °C in the long term [LOE,

not applicable; SOR, A].

The recommendations of the current NACB panel
and other groups with respect to the potential clinical
utility for CA125 are summarized in Table 16 and are
described below.

SCREENING/EARLY DETECTION

In women with epithelial ovarian cancer, 80% have
CA125 levels >35 kU/L, with elevations of 50%—60%
in clinically detected stage I disease, 90% in stage II, and
>90% in stages III and IV (412, 416). Concentrations
correlate with tumor burden and stage. Owing to the
lack of sensitivity and specificity for a single determi-
nation of the marker, CA125 is not recommended for
use in screening asymptomatic women by the NACB
Panel or by other authoritative organizations
(15, 403, 405-408 ). An NIH Consensus Development
Panel has concluded that evidence is not yet available to
indicate that either CA125 or transvaginal ultrasonog-
raphy effectively reduce mortality from ovarian cancer
(408 ). However, the same panel did recommend an-
nual CA125 determinations, in addition to pelvic and
ultrasound examinations, in women with a history of
hereditary ovarian cancer who have an estimated life-
time risk of 40%, because early intervention may be
beneficial.

A number of approaches have been proposed to
improve the specificity of CA125 for early detection,
because very high specificity (99.7%) is needed to
achieve an acceptable positive predictive value of 10%
with a prevalence of disease of 40 per 100 000 in women
older than 50 years (417 ). Strategies have included se-
quential or 2-stage strategies combining CA125 with
ultrasound, longitudinal measurements of CA125, and
measurement of CA125 in combination with other
markers such as OVX1, macrophage colony-stimulat-
ing factor, or other new biomarkers discovered using
proteomic profiling approaches (411, 417-419). To
evaluate the potential role for CA125 in screening for
ovarian cancer in asymptomatic populations, 2 major
prospective randomized trials are currently in progress
in the US (420) and the United Kingdom (421). In
total 200 000 women will be randomized to either
screening with ultrasound, screening with CA125 plus
ultrasound, or no screening. The studies are adequately
powered to detect a significant improvement in sur-
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vival among women screened with serial CA125 mea-
surements and transvaginal sonography.

NACB OVARIAN CANCER PANEL RECOMMENDATION 2:
CA125 IN SCREENING
CA125 is not recommended for screening asymp-
tomatic women [LOE, II[; SOR, B].

CA125 is recommended, together with trans-
vaginal ultrasound, for early detection of ovarian
cancer in women with hereditary syndromes be-
cause early intervention may be beneficial in these
women [LOE, III; SOR B].

DISCRIMINATION OF PELVIC MASSES
In contrast to its use in early detection, CA125 is more
widely accepted as an adjunct in distinguishing benign
from malignant disease in women, particularly in post-
menopausal women presenting with ovarian masses
(407, 408, 422 ), facilitating triage for operations by op-
timally qualified surgeons. Benign conditions resulting
in increased CA125 levels may be a confounding factor
in premenopausal women. In the United Kingdom
CA125 measurement is an integral part of the RMI
(risk of malignancy index), which forms the basis of
patient pathway guidelines for the management of pel-
vic masses and/or adnexal cysts (423 ). The RMI is cal-
culated as a product of CA125 concentration multi-
plied by menopausal status (1 for premenopausal and 3
for postmenopausal) multiplied by ultrasound score
(0, 1, or 3 depending on ultrasound features). A cutoff
of 200 or 250 is frequently used, with patients with
scores above this referred to specialist gynecology—on-
cology teams. Sensitivities of 71%—78% and specifici-
ties of 75%-94% have been reported in other studies
(414 ). Increased concentrations of CA125 >95kU/Lin
postmenopausal women can discriminate malignant
from benign pelvic masses with a positive predictive
value of 95% (411 ). Therefore, based on current evi-
dence, CA125 is reccommended as an adjunct in distin-
guishing benign from malignant pelvic masses, partic-
ularly in postmenopausal women. When there is a
suspicion of germ cell tumor, particularly in women
younger than 40 years or in older women where scan
features suggest a germ cell tumor, AFP and hCG are
also important markers for triage, as for testicular germ
cell tumors.

NACB OVARIAN CANCER PANEL RECOMMENDATION 3:
CA125 IN DISCRIMINATION OF PELVIC MASSES
CA125 is recommended as an adjunct in distin-
guishing benign from malignant suspicious pelvic
masses, particularly in postmenopausal women

[LOE, III/IV; SOR, A].

MONITORING TREATMENT
Serial measurement of CA125 may also play a role in
monitoring response to chemotherapy. Declining
CA125 concentrations appear to correlate with treat-
ment response even when disease is not detectable by
either palpation or imaging. In a meta-analysis, serial
CA125 concentrations in 89% of 531 patients corre-
lated with clinical outcome of disease (424—426).
There is general consensus among current guidelines in
recommending that CA125 be used to monitor thera-
peutic response, but there is no consensus as to how
best to define a CA125-based response (404, 427, 428 ).
A response has been defined as a reduction of 50% or
more in pretreatment CA125 level that is maintained
for at least 28 days (428—431 ). The pretreatment sam-
ple must be at least twice the upper limit of the refer-
ence range, which means that patients with pretreat-
ment concentrations between the upper limit and twice
the upper limit are nonassessable by this criterion. The
first sample is recommended within 2 weeks before
treatment, with subsequent samples at 2—4 weeks dur-
ing treatment and at intervals of 2-3 weeks during fol-
low-up. The same assay method is required through-
out, and patients who received immunotherapy
(mouse antibodies) cannot be evaluated.

In addition to monitoring initial chemotherapeu-
tic regiments, CA125 measurements may be useful in
monitoring salvage therapy, because a doubling of val-
ues is associated with disease progression and treat-
ment failure in more than 90% of cases (411 ). How-
ever, disease progression may also occur without an
increase in CA125, and therefore the presence of tumor
should also be assessed by physical examination and
imaging (15). Tuxen et al. (427 ) suggested that inter-
pretation of changes in serial CA125 levels should be
based on a statistical estimation that takes account both
the analytical variation of the method used and of the
normal background intraindividual biological varia-
tion of the marker (432, 433 ). The theoretical back-
ground for this statistical procedure has recently been
reviewed in detail (434 ). Serial measurement of CA125
to aid in monitoring response to therapy is a second
FDA-indicated use for the marker. Trials currently in
progress, including the UK Medical Research Council
OVO05 trial, have been designed to evaluate the benefit
of early chemotherapy for recurrent ovarian cancer,
based on a raised CA125 level alone, vs chemotherapy
based on conventional clinical indicators (435 ). Pend-
ing results of these trials, practice is likely to vary.

NACB OVARIAN CANCER PANEL RECOMMENDATION 4:
CA125 IN MONITORING TREATMENT
CA125 measurements may be used to monitor re-
sponse to chemotherapeutic response. The first
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sample should be taken within 2 weeks before treat-
ment with subsequent samples at 2—4 weeks during
treatment and at intervals of 2—3 weeks during fol-
low-up. The same assay method should be used
throughout, and patients who received therapy
with anti-CA125 antibodies cannot be evaluated
[LOE, I/II; SOR, A].

CA125 MEASUREMENT POSTOPERATIVELY: SECOND-LOOK
OPERATION

Early studies on CA125 indicated that it was useful
postoperatively in predicting the likelihood that tumor
would be found at a second-look operation, and CA125
assays were initially cleared by the FDA for this indica-
tion (412, 424 ). Elevations of CA125 > 35 kU/L after
debulking surgery and chemotherapy indicate that re-
sidual disease is likely (>95% accuracy) and that che-
motherapy will be required (436 ). Second-look lapa-
rotomy is now considered to be controversial and
suggested only for patients enrolled in clinical trials or
in situations in which surgical findings would alter
clinical management. Monitoring with CA125 testing
in women with increased preoperative CA125 concen-
trations, along with a routine history and physical and
rectovaginal pelvic examination, has been advocated
instead of surgery for asymptomatic women after pri-
mary therapy (408 ).

CA125 MEASUREMENT POSTOPERATIVELY: DETECTION OF
RECURRENCE

Increased, rising, or doubling CA125 concentrations
predict relapse. However, it should be noted that post-
operative CA125 levels below the cutoff concentration
do not necessarily exclude disease presence.

The Gynecologic Cancer Intergroup (GCIG) is
an organization consisting of representatives from
thirteen international groups performing clinical trials
in gynecologic cancer (437). The GCIG has defined
criteria progression using serial CA125 measurements
(431 ) as:

+ CAI25 concentrations = twice the upper limit of
normal on 2 occasions in patients with increased
CA125 levels pretreatment that normalize, or pa-
tients with CA125 in the reference range or

+ CA125 concentrations = the nadir value on 2 occa-
sions in patients with increased CA125 levels pre-
treatment that do not normalize.

The 2 measurements must be at least 1 week apart
(431).

Although monitoring intervals are as yet undefined,
current practice suggests following patients every 2 to 4
months for 2 years and then less frequently (407 ). Ele-
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vations in CA125 can precede clinical or radiological
evidence of recurrence, with a median time of 2 to 6
months, although there is no evidence to date that ini-
tiating salvage chemotherapy before clinical recurrence
improves survival (436 ). Early detection of recurrent
disease, however, permits the timely evaluation of the
multiple drugs available for salvage therapy. Because
only a fraction of patients will respond to any single
drug and reliable predictive tests are not yet available,
chemotherapeutic agents are generally used individu-
ally and sequentially to identify those drugs that are
active against a particular patient’s cancer. Given the
modest difference between time to recurrence and
overall survival, early detection of recurrence provides
time in which to identify effective palliative therapy.
Therefore, measurement of CA125 at follow-up visits is
recommended if values were initially increased. Low
preoperative concentrations do not exclude the possi-
bility that CA125 concentrations may increase above
the cutoff before clinical relapse, and progressive in-
creases in CA125 within the reference interval may be
predictive of recurrence (438 ).

NACB OVARIAN CANCER PANEL RECOMMENDATION 5:
CA125 IN MONITORING PATIENTS AFTER THERAPY
Measurement of CA125 at follow-up visits is rec-
ommended if values were initially increased. Al-
though monitoring intervals are as yet undefined,
current practice suggests following patients every 2
to 4 months for 2 years and then less frequently

[LOE, III; SOR, B].

PROGNOSIS

CA125 is recommended during primary therapy as a
potential prognostic marker because CA125 concen-
trations, both preoperative and postoperative, may be
of prognostic significance (439—442). After primary
surgery and chemotherapy, declines in CA125 concen-
trations during chemotherapy have generally been ob-
served to be independent prognostic factors, and in
some studies the most important indicator. Persistent
elevations indicate a poor prognosis. In patients who
had a preoperative CA125 concentration >65 kU/L,
the 5-year survival rates were significantly lower and
conferred a 6.37-fold risk of death compared to pa-
tients who had values <65 kU/L (412, 426). In addi-
tion to the measured level, the half-life of the CA125
marker indicates prognosis after chemotherapy. A half-
life of <20 days was associated with significantly im-
proved survival (28 months vs 19 months) compared
to >20 days (411, 443 ). Improved survival also corre-
lates with normalization of CA125 after 3 cycles of
combination chemotherapy. These findings have been
supported by a recent study suggesting that CA125
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half-life and CA125 nadir during induction chemo-
therapy are independent predictors of epithelial ovar-
ian cancer outcome (444 ).

NACB OVARIAN CANCER PANEL RECOMMENDATION 6:
CA125 IN PROGNOSIS

CA125 measurement during primary therapy is

recommended because CA125 concentrations,

both preoperative and postoperative, may be of

prognostic significance. Persistent elevations indi-

cate poor prognosis [LOE, III; SOR, A/B].

OTHER MARKERS FOR OVARIAN CANCER

Several other potential tumor-associated markers have
been reported in body fluids and tissue specimens from
ovarian cancer patients. Although these experimental
markers could represent promising new biomarkers
for future ovarian cancer screening, diagnosis, and
monitoring, it is uncertain whether they will become
viable clinical tools, i.e., their clinical usefulness needs
to be validated by assessing their sensitivity and speci-
ficity in larger groups of patients with stage I disease.

The Kallikrein family. Kallikreins are a subgroup of the
serine protease enzyme family that play an important
role in the progression and metastasis of human can-
cers (445 ). Kallikreins 4, 5, 6,7, 8,9, 10, 11, 13, 14, and
15 in ovarian cancer have been shown to have value in
detection, diagnosis, prognosis prediction, and moni-
toring of ovarian cancer (446—463). Kallikrein 4, for
example, is expressed in the majority of serous carcino-
mas but rarely in normal ovarian surface epithelium
(449, 450). Kallikrein 4 expression is associated with
higher clinical stage and tumor grade in ovarian cancer:
aunivariate survival analysis revealed that patients with
ovarian tumors positive for kallikrein 4 expression had
an increased risk for relapse and death (450 ). Similarly,
kallikrein 5 has been suggested to be a useful indepen-
dent prognostic indicator in patients with stage [ and II
disease (451 ). Assessment of kallikrein 5 expression
could help oncologists determine those patients at
higher risk of relapse. Kallikrein 7 expression in ovarian
cancer tissue is associated with poorer prognosis of
ovarian cancer patients, especially those with lower
grade disease and those who have been optimally de-
bulked (464). In contrast, kallikrein 8 (neuropsin or
ovasin) (452 ), kallikrein 9 (465 ), and kallikrein 11
(462 ) are favorable prognostic markers in ovarian can-
cer. Patients with higher kallikrein 8 expression in their
tumors have lower-grade disease, lower residual tu-
mor, longer survival, and low rate of recurrence. In a
multivariate analysis, higher kallikrein 8 expression
was significantly associated with longer disease-free
survival. As well as their roles as tissue markers, kal-

likrein 6, 10, and 11 can be detected in serum, and are
potential serological markers of the disease
(446, 448, 466 ). A recent comprehensive and parallel
analysis of different secreted kallikreins in ovarian can-
cer has demonstrated that kallikreins 6, 7, 8, and 10 are
the 4 most specific secreted kallikreins in ovarian can-
cer effusions (467 ). These kallikreins may have clinical
applications in the differential diagnosis of ovarian car-
cinoma from benign controls and other cancer types.

Osteopontin. Osteopontin was first identified by a
c¢DNA microarray approach used to identify upregu-
lated genes in ovarian cancer cells, and osteopontin has
been found to be a potential diagnostic biomarker for
ovarian cancer (468 ). In the original report, osteopon-
tin expression was higher in invasive ovarian cancer
than in borderline ovarian tumors, benign ovarian tu-
mors, and normal ovarian surface epithelium (468 ).
Plasma levels of osteopontin were significantly higher
in patients with epithelial ovarian cancer compared to
healthy controls, patients with benign ovarian disease,
and patients with other gynecologic cancers. In a more
recent report (469 ), osteopontin has been shown to be
less sensitive than CA125 in predicting clinical re-
sponse to therapy. However, osteopontin increased
earlier than CA125 in 90% of the study patients who
developed recurrent disease, indicating that osteopon-
tin may be a clinically useful adjunct to CA125 in de-
tecting recurrent ovarian cancer.

Prostasin. Using gene expression profiling by cDNA
microarrays, Mok et al. have identified an overex-
pressed gene called prostasin that produces a secretory
product (470). Prostasin [alias for PRSS8 (protease,
serine, 8)] was originally isolated from human seminal
fluid and its highest levels are found in the prostate
gland (471 ). Prostasin was detected more strongly in
ovarian carcinoma than in normal ovarian tissue. The
mean level of serum prostasin was 13.7 ug/mL in pa-
tients with ovarian cancer and 7.5 ug/mL in control
subjects. In a series of patients with nonmucinous
ovarian carcinoma, the combination of prostasin and
CA125 gave a sensitivity of 92% and a specificity of
94% for detecting ovarian cancer. Although the above
finding is promising, prostasin should be investigated
further as a screening or tumor marker, both alone and
in combination with CA125.

Tissue polypeptide antigen. Tissue polypeptide antigen
(TPA) is a single-chain polypeptide that may be made
up of proteolytic fragments of the cytokeratins (472 ).
Production of TPA may be associated with rapid cell
turnover, and increased TPA levels in serum have been
reported in patients suffering from cancers and other
disease (473 ). In ovarian cancers of serous and muci-
nous type, TPA levels correlate with FIGO stage; 33%—
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50% of patients with stage I-1II disease, and 88%—96%
of patients with stage III-1V disease presented with in-
creased serum TPA. Serial TPA measurements corre-
lated with the clinical course of ovarian cancer in 42%-—
79% of the matched events. These findings suggest that
TPA may be a potential marker for following ovarian
cancer in patients.

Lysophosphatidic acid. Lysophosphatidic acid (LPA)
was first identified in ascites of ovarian cancer patients
and has since been demonstrated to play a biological
role in ovarian cancer cell growth (474—477).1In a pre-
liminary study in a small number of patients (474 ),
plasma LPA concentrations were increased in 90% of
patients with stage I disease and 100% of patients with
advanced and recurrent disease compared to controls
without apparent diseases, although 80% of women
with other gynecologic cancers also had increased lev-
els. CA125 concentrations appeared to complement
LPA levels.

Tumor-associated trypsin inhibitor. Tumor-associated
trypsin inhibitor (TATI) was first identified from the
urine of patients with ovarian cancer (478 ). The amino
acid sequence and biochemical properties of TATI are
identical to those of pancreatic secretory trypsin inhib-
itor (479). Increased serum and urinary concentra-
tions of TATI are frequently observed in postoperative
patients, in severe inflammatory diseases, and in vari-
ous types of cancer, especially gynecological and pan-
creatic cancer (473 ). Increased concentrations of TATI
can be observed in ovarian cancers, especially the mu-
cinous types. The increased serum levels of TATI ap-
pear to correlate with higher stages of disease. In one
report, the sensitivity was only 8% in patients with
stage I-1T and 62% of patients with stage III-IV disease
(480 ). Several reports suggest that TATI is not a good
marker for monitoring disease during therapy, because
TATI has a lower sensitivity for residual tumor than
CA125, and <50% of the matched clinical events are
observed to correlate serum levels of TATIL.

Carcinoembryonic antigen. CEA is an oncofetal antigen
(473 ), and increased serum levels of CEA are fre-
quently found in a variety of benign diseases and can-
cers, including ovarian carcinoma. The frequency of
increased concentration in ovarian carcinoma varies
with the histological type and disease stage, generally
being higher in patients with mucinous ovarian cancers
and with metastatic disease. The sensitivity of CEA as a
marker to detect ovarian cancer is approximately 25%,
and the positive predictive value of an increased CEA
concentration is only 14% (473 ). Although CEA is not
a marker for early diagnosis owing to its low sensitivity,
CEA can be useful in determining treatment response
in ovarian cancer patients.
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Cancer-associated serum antigen. Cancer-associated se-
rum antigen (CASA) was initially defined by a mono-
clonal antibody that bound to an epitope on the poly-
morphic epithelial mucin (481 ). Increased CASA levels
in serum were found in individuals in the later stage of
pregnancy, in the elderly, in smokers, and in patients
with cancers. CASA is expressed in all histological types
of ovarian cancer and appears to have a sensitivity of
46%—73% in patients with ovarian cancer (473 ). Only
a few studies have indicated that CASA is a potentially
useful marker in monitoring ovarian cancer. Ward et
al. reported that inclusion of CASA in a diagnostic tu-
mor panel might improve the detection of residual dis-
ease by increasing the sensitivity from 33% to 62% and
the negative predictive value from 66% to 78%
(482, 483 ). One study has demonstrated that CASA
can detect more cases with small volume disease than
CA125, and that 50% of patients with microscopic dis-
ease are detected by CASA alone (473). Another study
has shown that the prognostic value of postoperative
serum CASA level is superior to CA125 and other pa-
rameters including residual disease, histological type,
tumor grade, and the cisplatin-based chemotherapy
(484).

PAI-1 and PAI-2. Fibrinolytic markers include PAI-1
and PAI-2, for which diagnostic and prognostic values
have recently been reported in ovarian cancer (485 ). In
this pilot study, PAI-1 appeared to be a poor prognostic
factor (486 ), because plasma levels of PAI-1 are signifi-
cantly higher in patients with ovarian cancer, and
their levels correlate with the diseases at higher clin-
ical stages. Whether PAI-1 can be used clinically for
screening and/or monitoring ovarian cancer awaits
further studies, including correlation with clinical
treatment events and comparison with CA125. In con-
trast, expression of PAI-2 in tumors has been shown to
be a favorable prognostic factor in ovarian cancer pa-
tients (485 ).

Interleukin-6. High levels of interleukin-6 have been
detected in the serum and ascites of ovarian cancer pa-
tients (487 ). Interleukin-6 correlates with tumor bur-
den, clinical disease status, and survival time of patients
with ovarian cancer, implying that this marker may be
useful in diagnosis. Based on a multivariate analysis,
investigators have found serum levels of interleukin-6
to be of prognostic value, but less sensitive than CA125
(488, 489).

Human chorionic gonadotropin. hCG normally is pro-
duced by the trophoblast, and clinically has been used
as a serum or urine marker for pregnancy and gesta-
tional trophoblastic disease (490 ). Ectopic hCG pro-
duction, however, has been detected in a variety of hu-
man cancers. Recent studies have demonstrated that
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the immunoreactivity of total hCG in serum and urine
provides a strong independent prognostic factor in
ovarian carcinoma, and its prognostic value is similar
to that of grade and stage (491, 492 ). When serum hCG
is normal, the 5-year survival rate can be as high as
80%, but it is only 22% when hCG is increased (491 ).
In patients with stage III or IV and minimal residual
disease, the 5-year survival is 75% if hCG is not detect-
able compared to 0% if hCG is increased. Similarly,
hCG B-core fragment (hCGfcf) can be detected in
urine in 84% of ovarian cancer patients (492 ). The in-
cidence of positive urinary hCGScf correlates with dis-
ease progression, with elevations observed in a higher
proportion of patients in advanced clinical stages. Al-
though the availability of this marker before surgery
could facilitate selection of treatment modalities, the
clinical application of hCG and hCGp for screening
and diagnosis is limited. Since several different types of
tumors can produce hCG*hCGp, and only a small
proportion of ovarian tumors express these, detection
of serum hCG=hCGg or urinary hCGBcf will not pro-
vide a specific or sensitive tool for screening or diagno-
sis in ovarian cancer.

HER-2/neu gene. The c-erbB-2 oncogene expresses a
transmembrane protein, p185, with intrinsic tyrosine
kinase activity, also known as HER2/neu. Amplifica-
tion of Her2/neu has been found in several human can-
cers, including ovarian carcinoma. In ovarian cancer,
9% to 38% of patients have increased levels of p105, the
shed extracellular domain of the HER-2/neu protein
(493—495). According to one report, measurement of
Her2/neu alone or in combination with CA125 is not
useful for differentiating benign from malignant ovar-
ian tumors (495 ). However, elevation of p105 in serum
or the overexpression immunohistochemically of
Her2/neu in tumors has correlated with an aggressive
tumor type, advanced clinical stages, and poor clinical
outcome (496 ). Screening for increased pl05 levels
might therefore make it possible to identify a subset of
high-risk patients (494 ). Furthermore, the test could
be potentially useful for detecting recurrent disease.

AKT?2 gene. The v-akt murine thymoma viral oncogene
homolog 2 (AKT2) gene is one of the human homologs
of v-akt, the transduced oncogene of the AKT8 virus,
which experimentally induces lymphomas in mice.
AKT2, which codes for a serine-threonine protein ki-
nase, is activated by growth factors and other onco-
genes such as v-Ha-ras and v-src through phosphati-
dylinositol 3-kinase in human ovarian cancer cells
(497, 498 ). Studies have shown that the AKT2 gene is
amplified and overexpressed in approximately 12—-36%
of ovarian carcinomas (499-501 ). In contrast, AKT2

alteration was not detected in 24 benign or borderline
tumors.

Ovarian cancer patients with AKT2 alterations ap-
pear to have a poor prognosis. Amplification of AKT2
is more frequently found in histologically high-grade
tumors or tumors at advanced stages (III or IV), sug-
gesting that AKT2 gene overexpression, like c-erbB-2,
may be associated with tumor aggressiveness (500 ).

Mitogen-activated protein kinase. Activation of mito-
gen-activated protein kinase occurs in response to var-
ious growth stimulating signals and as a result of acti-
vating mutations of the upstream regulators, KRAS
and BRAF, which can be found in many types of hu-
man cancer. Activation of mitogen-activated protein
kinase activates downstream cellular targets (502, 503 )
including a variety of cellular and nuclear proteins.
Two studies have reported that expression of active mi-
togen-activated protein kinase in ovarian cancer tissue
or ascites cells correlates with better prognosis in the
advanced stage ovarian cancer (504, 505 ).

Inhibin. Inhibin is a glycoprotein and member of the
transforming growth factor 3 family. Inhibins A and B
are heterodimers consisting of identical a-subunits
and either BA or B subunits linked with disulfide
bonds (506508 ). Inhibin is primarily produced by the
gonads and functions as a regulator of follicle-stimu-
lating hormone secretion. Inhibin is associated with
granulosa cell tumors and mucinous carcinomas as op-
posed to CA125, which is associated with serous, endo-
metrioid, and undifferentiated tumors. In addition the
a subunit may function as an ovarian tumor suppres-
sor. Using a total inhibin ELISA in combination with
CA125 has been shown to detect the majority of ovar-
ian cancer types with 95% sensitivity and specificity
(507).

RSEF-1 gene. The clinical significance of the remodeling
and spacing factor 1 (RSF-1) gene in ovarian cancer
was first demonstrated by analyzing a new amplified
chromosomal region, 11q13.5, in the ovarian cancer
genome by use of digital karyotyping. The RSF-1 gene
belongs to the SWI/SNF chromatin remodelling gene
family and Rsf-1 protein partners with hSNF2h to form
the chromatin remodelling complex, RSF (remodelling
and spacing factor) (509 ). It has been shown that Rsf-1
participates in chromatin remodelling (509 ) and tran-
scriptional regulation (510, 511). Previous studies
have demonstrated that RSF-1 amplification and over-
expression are associated with the most aggressive type
of ovarian cancer, and patients with RSF-1 gene ampli-
fication in their carcinomas had a significantly shorter
overall survival (512-514 ). Further multiinstitutional
studies are required to validate the clinical significance
of RSF-1 gene amplification for future clinical practice.
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NAC-1 gene.*® The genes within the BTB/POZ family
participate in several cellular functions including pro-
liferation, apoptosis, transcription control, and cell
morphology maintenance (515). The roles of BTB/
POZ proteins in human cancer have been recently re-
vealed as several of BTB/POZ proteins such as BCL-6
are involved in cancer development. Based on analyz-
ing gene expression levels in all 130 deduced human
BTB/POZ genes using the serial analysis of gene expres-
sion data, Nakayama et al. have recently identified
NAC-1 as a carcinoma-associated BTB/POZ gene
(516). NAC-1 is a transcription repressor and is in-
volved in self-renewal and maintaining pluripotency of
embryonic stem cells (517). In ovarian carcinomas,
NAC-1 is significantly over expressed in high-grade
carcinoma but not in borderline tumors or benign cys-
tadenomas. The levels of NAC-1 expression correlate
with tumor recurrence in ovarian serous carcinomas
and intense NAC- I immunoreactivity in primary ovar-
ian tumors predicts early recurrence (516, 518 ). As the
NAC-1 specific antibody is available to evaluate NAC- 1
protein levels in archival paraffin sections, the marker
alone or in combination with other biomarkers may
hold promise for prognosis and prediction in ovarian
carcinoma patients.

NACB OVARIAN CANCER PANEL RECOMMENDATION 7:
TUMOR MARKERS OTHER THAN CA125

CA125 is the only marker that can be recom-
mended for use in serous ovarian malignancies.
New ovarian cancer markers offer promise; how-
ever, their contribution to the current standard of
care is unknown and further investigations in prop-
erly designed clinical trials are needed [LOE, not
applicable; SOR, B].

KEY POINTS: TUMOR MARKERS IN OVARIAN CANCER

The NACB Panel recommends CA125 as the only
marker for clinical use in ovarian cancer for the follow-
ing indications: early detection in combination with
transvaginal ultrasound in hereditary syndromes, dif-
ferential diagnosis in suspicious pelvic mass, detection
of recurrence, monitoring of therapy, and prognosis.
The NACB Panel does not recommend CA125 for
screening of ovarian cancer in asymptomatic women.

40 NAC-1, alias for NACC1 (nucleus accumbens associated 1, BEN and BTB (POZ)
domain containing).
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All other markers are either in the evaluation phase or
in the research/discovery phase, therefore the NACB
Panel does not recommend these biomarkers for clin-
ical use in ovarian cancer.
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