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Introduction to Tumor Markers

Cancer is a growing problem throughout the world and ranks
second behind heart disease as a cause of death. Cancer patients
survive longer today thanks to earlier diagnosis and more effective
treatments. It is predicted that the number of cancer survivors aged 
65 years and older will double by the year 2050.

What is a Tumor Marker?

Tumor markers are substances that are produced by the tumor or by
the body in response to the tumor’s presence, detectable in blood,
urine or body tissues. Tumor markers serve as “surrogate markers”
of disease activity and play important roles in cancer screening,
diagnosis, staging, prognosis assessment and monitoring. A tumor
marker’s value depends upon the context of its use. For patients at
risk for recurrent cancer, tumor markers provide a means for earlier
detection. Salvage therapy can be initiated when tumor volume is
small, which is key to a successful outcome.

Tumor Markers

Type of Cancer Common Markers

Bladder NMP22®

Breast CA15-3 (BR-MA), CEA

Colorectal CEA, CA19-9 (GI-MA)

Head and neck CEA

Hematologic β2-Microglobulin

Lung CEA, cytokeratin 19, NSE

Ovary CA125 (OM-MA)

Pancreas CA19-9 (GI-MA), CEA

Prostate PSA, free PSA, PAP

Stomach CEA, CA72-4, gastrin

Testicular AFP and/or HCG

Thyroid Thyroglobulin, calcitonin
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Tumors are capable of producing a wide variety of substances that may
cause damage in other organ systems. In this example, osteoclasts become
activated, resulting in excessive bone resorption. This is one mechanism to
account for hypercalcemia due to malignancy.

PTHrP = parathyroid hormone-
related protein

MCSF = macrophage colony-
stimulating factor

CFU-M = Colony-forming unit M

RANK = Receptor activator of
nuclear factor kappa B

RANKL= Receptor activator of
nuclear factor kappa B
ligand

Oc = Osteoclast

OPG = Osteoprotegrin
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On the basis of scientific research and expert opinion, the American
Cancer Society (ACS) has established recommendations to detect
cancer early in asymptomatic individuals. The ACS believes that
early detection can help save lives and reduce suffering from
cancers of the breast, colon, rectum, cervix, prostate, testis, oral
cavity and skin. Depending upon the type of cancer, these cancers
can be found early by self-examination, physical examination (by a
health professional), X-rays or laboratory tests. In many cases, a
combination of two or more early detection approaches is the most
effective strategy.

Most tumor markers lack sufficient sensitivity and specificity to 
be used as screening tools, for a number of reasons:

➤ Tumor marker levels can be elevated in benign conditions.

➤ Tumor marker levels are not elevated in every case, especially 
in the early stages of the disease.

➤ Many tumor markers are not specific to a particular type of
cancer, and thus may be elevated in more than one type of cancer.

Abnormally elevated tumor marker levels alone cannot make a 
diagnosis of cancer. This requires properly obtained and preserved
tumor samples and careful microscopic examination by a trained
pathologist. However, certain biopsy techniques, especially cytology
procedures, needle biopsies, and core biopsies, may yield an insuffi-
cient quantity or quality of recognizable tumor cells to make a
positive cancer diagnosis. In such instances, a concomitant elevation
of a marker that is very specific to a particular cell type may help
establish the correct diagnosis. 

Germ cell tumors

Germ cell tumors are divided into seminomas and nonseminoma-
tous germ cell tumors (NSGCT). In contrast to seminoma, NSGCT
can contain any combination of multiple cell types such as teratoma,
embryonal cell carcinoma, choriocarcinoma or endodermal sinus
tumor. The rationale for this classification is that it correlates with
clinical treatment: seminoma is highly sensitive to radiation therapy
whereas NSGCT is highly radiation-resistant. The correct diagnosis
is therefore critical for optimal treatment outcome. Since AFP is not
produced by pure seminomas, this test can be used to differentiate
seminomas from NSGCT. 

There are a few notable exceptions. For men older than 50 years, 
the combination of serum PSA and digital rectal examination (with
ultrasonography in the event of abnormal findings) may provide a
better method of detecting prostate cancer than rectal examination
alone. Most clinicians agree that such testing should begin at age 
40 in certain high-risk groups. As an aid to cystoscopy, urinary
NMP22® measurements have proven clinical utility for bladder
cancer screening. In certain endemic areas of the world, AFP can
serve as an effective screening marker for hepatocellular carcinoma.

Small cell and non-small cell lung cancer 

The presence of neuron-specific enolase (NSE) in lung biopsy tissue
confirms the diagnosis of small cell lung cancer. The European
Group on Tumor Markers (EGTM) currently recommends serum
and tissue determinations to discriminate between this form and
non-small cell varieties that can express other tumor markers.
Serum levels of NSE can also be used to assess prognosis and 
to monitor the patient’s response to treatment. 

Other cancers

Medullary thyroid cancer (MTC) arises from a malignant transfor-
mation of the parafollicular C cells of the thyroid and accounts 
for approximately 5 to 8 percent of thyroid cancer cases. Basal
calcitonin values have long been considered a diagnostically useful
tumor marker for MTC. All normals and more than 90 percent of
patients with thyroid abnormalities other than MTC have basal
calcitonin levels < 10 pg/mL. To confirm the diagnosis of MTC
when basal calcitonin levels are only mildly elevated (< 100
pg/mL), provocative calcitonin-stimulation testing is often done. 

Patients with biopsy-proven metastases having no obvious primary
origin pose a diagnostic dilemma for clinicians. For anaplastic
tumors lacking definitive histologic characteristics, an elevated 
CEA level in serum may suggest a primary tumor of gastrointestinal
origin, whereas elevated PSA or PAP may suggest a primary tumor
of the prostate gland.

Screening

Diagnosis 
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Clinical and Pathological Staging

Once cancer is diagnosed, the next step is called staging. Clinical
staging is based upon information available before surgery, and is
determined following a review of all relevant information about the
tumor, including its size and location, histopathological characteris-
tics based on biopsy material, and levels of relevant tumor markers.
After surgery, the tumor, adjacent normal tissues and possibly
regional lymph nodes undergo a detailed visual and microscopic
examination to determine the pathological stage. This determines
whether the tumor was completely excised or had metastasized, 
and if additional treatment or treatments may be advisable. 

The extent of cancer found after pathological staging is invariably
far greater than that estimated by clinical staging. For example,
digital rectal examination (DRE) for prostate cancer generally
understages up to 50 percent of extracapsular extension and 
14 percent of seminal vesicle involvement in localized prostatic
cancers1 and fails to diagnose 40 percent of localized cancers that
are not palpable. Clinical staging has similar weakness in other
tumor types, where surgical exploration often reveals cancer that
cannot be completely removed. Because radical surgery carries
significant risks for morbidity and mortality, and in many cases 
will not result in cure, improved clinical staging methods are 
clearly needed.

Combined modality staging

Combined modality staging approaches consider multiple factors
having prognostic significance in an attempt to improve the accu-
racy of staging in the preoperative setting. Pretreatment factors can
include clinical stage, location and grade of the tumor, as well as
relevant tumor marker levels, since these are not normally elevated
in the early stages of cancer. By systematically correlating these
factors with a pathological outcome, researchers have created a
variety of algorithms, multivariate analyses and artificial neural
networks that are significantly better in predicting pathological
stage than traditional clinical staging methods. One of the goals of
combined modality staging is to identify patients at “high risk” for
failing curative surgery, thereby permitting studies of more individ-
ualized treatment approaches. 

The figure below shows the likelihood for pathologically non-
organ-confined disease in patients with clinical stage T1c
(nonpalpable) prostate cancer in relation to baseline PSA level and
biopsy Gleason score (an assessment of tumor cell differentiation)
using a logistic regression model. In a validation series of patients,
this algorithm predicted the presence of organ-confined disease with
greater than 90 percent accuracy. 

Staging
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Clinical data from 4,133 men with clinically localized
prostate cancer undergoing radical prostatectomy were
gathered from three academic institutions and used to
develop a multi-institutional model combining serum
PSA level, clinical stage, and Gleason score to predict
pathological stage. This figure represents the results 
from a subset of patients with clinical stage T1c (non-
palpable) prostate cancer. As shown, the likelihood 
for having non-organ-confined disease (non-OCD)
increased in direct proportion to both PSA level and
Gleason score.2
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Prognosis is defined as a forecast of the probable outcome of a
disease based on the experience of large numbers of other patients
with similar stage disease. In many cases, a number of disease
and/or patient characteristics are factored into a prognosis assess-
ment, and some factors may carry more weight than others.
Prognosis provides rough estimates of the chances of survival, but
does not provide definitive information concerning the prognosis 
of a particular patient. 

Response to treatment consistently ranks among the strongest 
single factors that ultimately influence prognosis. Therefore, it is
not surprising that the extent and rate of tumor marker decline in
response to treatment can be used to assess prognosis.

Metastatic germ cell tumors (GCT)

Metastatic GCT that are associated with elevated serum levels of
AFP and/or HCG at baseline provide an excellent example of this
tumor marker application. Effective treatment for GCT is expected
to halt marker production. Subsequently, serum levels of AFP and
HCG should decline with half-lives of less than 7 days and less 
than 3 days, respectively. Serum levels that decline with half-lives
exceeding these cutoff values are prognostic of treatment failure. 

Prostate cancer

Many pre- and post-therapy variables have been shown to have prog-
nostic value with regards to the likelihood of disease progression in
the patients treated for prostate cancer. Of pretreatment variables, the
most widely recognized by investigators include PSA level, Gleason
score (pathological grade) and clinical stage. The literature describes
several predictive algorithms, multivariate analyses or artificial neural
networks incorporating these three variables as a means to estimate
risk for poor outcome following local curative approaches, such as
radical surgery or radiation treatments.

If radical surgery is successful, PSA levels measured 3 or more
weeks later should be zero, or at least very close to zero and stable.
The prognostic significance of a single PSA level measured 4 to 6
weeks after prostatectomy was recently studied using an ultrasensi-
tive (third generation) PSA assay.2 Using a PSA cutoff of 0.01 ng/mL,
only 3 percent of patients with PSA levels at or below this cutoff
had disease progression at 2 years, compared to 77 percent of
patients with PSA levels above this cutoff (p < 0.0001). Multi-
variate analysis showed that this single PSA value carried greater
prognostic significance than pretreatment PSA, Gleason score, 
clinical stage or surgical margin status.

The prognostic significance of preoperative serum PAP measure-
ments was recently reported in 295 consecutive patients undergoing
radical prostatectomy.3 Using a serum PAP cutoff of 3.0 ng/mL,
patients with a serum PAP level at or below this cutoff had a 6-fold
greater likelihood for biochemical (PSA) progression at 4 years than
did patients with a PAP level below this cutoff (p < 0.001). PAP
levels remained significant whether the preoperative PSA level 
was < 10 ng/mL (p = 0.047) or > 10 ng/mL (p = 0.012). The 
authors concluded that PAP testing added prognostic information 
to pretreatment PSA values and that it was an independent predictor
of recurrence.

Prognosis
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This figure demonstrates the significant differences in rates of disease
progression between patients grouped according to their pretreatment
PSA and PAP measurements.5

This figure depicts 2-year survival rates in patients with
metastatic germ cell tumors treated with chemotherapy. As
shown, patients having a satisfactory decline in serum AFP
and/or HCG levels following chemotherapy had significantly
better survival compared to patients having an unsatisfactory
decline in these markers.3
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A third generation PSA level 4 to 6 weeks after prostatectomy has been
shown to be the strongest independent predictor of subsequent biochem-
ical relapse.4
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The primary clinical value of tumor markers is for monitoring
patients treated for cancer. Following surgery with curative intent,
detectable levels of tumor marker(s) indicate residual disease, 
which may signal the need for close follow-up or adjunctive
therapy. Systemic therapies (e.g., chemotherapy and/or hormonal
therapy) should result in a fall in tumor marker levels if treatment 
is successful. Conversely, a successive rise in tumor marker levels
denotes treatment failure. Tumor marker “panels” combining two 
or more markers provide greater sensitivity to detect recurrence or
progression of certain cancers than any single marker alone.

CA15-3 (BR-MA), CA125 (OM-MA) and CA19-9 (GI-MA)

Assays for CA15-3 (and CA27.29) detect circulating forms of the
glycoprotein produced by the MUC-1 gene. CA15-3 levels can be
useful in monitoring the response to chemotherapy in patients with
metastatic breast cancer. 

CA125 is a glycoprotein that is elevated in about 75 percent of
epithelial ovarian cancer cases. CA125 levels are used to detect
residual cancer after first-line therapy and to monitor patients
treated for recurrent or metastatic disease. 

CA19-9 assays detect the sialylated Lewisa blood group antigen,
levels of which are frequently elevated in patients with pancreatic,
gastric and colorectal cancer. The primary use of CA19-9 is for
monitoring patients with locally advanced or metastatic pancreatic
cancer treated with chemotherapy and/or radiation.

PSA and PAP

The most useful clinical application of PSA determinations is in the
monitoring of treated prostate cancer patients. Treatments include
radical prostatectomy, radiation therapy and hormonal therapies 
that involve medical or surgical castration. Serum PSA levels can
provide invaluable information about the effectiveness of therapy
and the existence of residual cancer, as well as early detection of
cancer recurrence. Ultrasensitive (third generation) PSA assays are
unique with regards to an extraordinary analytical sensitivity that is
approximately an order of magnitude better than that of most
commercially available assays for total PSA. This allows recurring
cancers to be detected significantly earlier than is possible with less
sensitive PSA assays, when salvage treatments are more likely to 
be effective.

Elevated levels of PAP are commonly seen in high-grade or
metastatic prostate cancer. PAP measurements serve an important
role in monitoring prostate cancer patients receiving androgen
deprivation therapy, where PSA levels are generally depressed.
Patients with metastatic prostate cancer expressing both PSA and
PAP levels demonstrate improved survival if therapy results in a
concordant decline in both markers.

CEA

CEA has been used for many years to monitor colon, lung, breast,
and pancreatic cancers, and its sensitivity for detecting colorectal
cancer is superior to that of other available gastrointestinal tumor
markers. Rising serum levels of CEA allow detection of disease
recurrence many months prior to clinical manifestations. CEA
included in panels along with mucin markers such as CA15-3 
and CA19-9 increases the sensitivity for detecting recurrent or
metastatic disease.

Serial measurements of BR-MA provide clinical information similar to
that of both CA15-3 and CA27.29 assays. All three assays accurately
characterize the clinical course of disease in a woman with metastatic
breast cancer treated by chemotherapy.6
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Prostatectomy was performed after biopsies confirmed prostate cancer
in a 73-year-old male presenting with a PSA of 6.4 ng/mL. Patho-
logical examination showed extensive cancer confined to the left lobe.
Postoperative PSA was 0.004 ng/mL and increased to 0.1 ng/mL 50
months after surgery. Third Generation PSA detected disease progres-
sion 28 months earlier than the conventional PSA assay.7
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Interpretation of results

Tumor marker levels in a given specimen determined with assays
from different manufacturers can vary due to differences in assay
methods and reagent specificity. Results reported by the laboratory
to the physician must include the identity of the assay used to
measure the tumor marker level. Values obtained with different
assays cannot be used interchangeably. Before changing assays, 
the laboratory must confirm baseline values for patients being 
serially monitored.

The table lists normal reference ranges for IMMULITE® and
IMMULITE® 2000 tumor marker assays. Consider these limits 
as guidelines only. Each laboratory should establish its own 
reference ranges.
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Test Results

Normal reference ranges and performance characteristics of
DPC’s IMMULITE® and IMMULITE® 2000 tumor marker assays

Assay Normal Range Analytical Sensitivity Working Range

AFP < 5 IU/mL 0.2 IU/mL Up to 300 IU/mL

BR-MA (CA15-3) < 38 U/mL 0.2 U/mL Up to 300 U/mL

CEA < 5 ng/mL 0.2 ng/mL Up to 550 ng/mL

GI-MA (CA19-9)* < 19 U/mL 2.0 U/mL Up to 1,000 U/mL

NMP22®* < 10 U/mL 3 U/mL 5 – 100 U/mL

OM-MA (CA125) < 21 U/mL 1 U/mL Up to 500 U/mL

PAP < 3.5 ng/mL 0.02 ng/mL Up to 100 ng/mL

PSA < 4.0 ng/mL 0.03 ng/mL Up to 150 ng/mL

Free PSA* < 0.5 ng/mL 0.02 ng/mL Up to 25 ng/mL

Third Generation PSA < 4.0 ng/mL 0.003 ng/mL 0.01 to 20 ng/mL

TPSTM* < 83 U/L 6 U/L Up to 2,400 U/L

* For research use only in the US
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