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This is the third article in a four-part series on nuclear
medicine updates. Upon completion of this article, the nuclear
medicine technologist should be able to (1) identify new and
standard RIA procedures, (2) utilize RIA values with imaging
exams, and (3) recognize future applications of tumor marker
assays with imaging techniques.

While health care professionals are aware of the contributions
to quality care made by nuclear medicine, most are more
familiar with the role of imaging than with radioimmunoassay
(RIA).

In 1960, Berson and Yalow introduced an immunologic
method of measuring plasma insulin in humans using RIA.
This led to a Nobel Prize for both investigators. Many RIA
procedures have been developed since then which allow cli-
nicians to quantitatively measure peptide hormones in serum
and plasma samples. Today, RIA techniques have greatly
advanced and assays are available for drugs, tumor associated
antigens, and many other compounds.

With the introduction of monoclonal antibodies, the assay
of a number of specific tumor markers was possible. The
clinical value of any assay, including tumor markers, depends
on sensitivity, specificity, and whether progression of disease
is reflected. Until recently, tumor markers played a minor
role in monitoring the progression of a variety of malignan-
cies. Of tumor markers commonly used, carcinoembryonic
antigen (CEA) was used most widely. CEA is only useful in
patients whose tumors produce high levels of antigen (/).
These tumors are most commonly of endodermal origin.
Elevated serum levels of CEA are often found even after the
completion of radiotherapy. In addition to CEA, new tumor
markers PSA (prostatic specific antigen), CA-125, CA 19-9,
and CA 15-3 have proven quite helpful if disease persists.

One of five deaths in this country is attributable to some
form of cancer (2). Common cancers are stomach, lung,
breast, colorectal, and cervical (3). Tumor markers specific
for these cancers have been developed. Success in treatment
depends largely on early detection and treatment. The highly
specific and sensitive tumor markers for a particular malig-
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nant disease can be an important tool in the early detection
and management of cancer, to direct treatment, and to detect
recurrence. Historical patient data is crucial as a reference in
evaluating a patient (4). Increases in tumor markers despite
treatment can indicate that a change in treatment should be
considered. Many routine chemistry tests can be indicative of
metabolic imbalance but are unable to differentiate tumor
effects from other causes (5).

SPECIFIC TUMOR MARKER ASSAYS
Prostatic Specific Antigen

In vitro tests are noninvasive, cost less, and are more
sensitive than in vivo tests for diagnosing prostate cancer. A
staff urologist is quoted as saying, “Almost every month there
is at least one article in the journal Urology about the use of
prostatic specific antigen (PSA) assay.” This urologist relies
on the PSA result in the management of his patients.

The measurement of PSA concentrations is an important
tool for monitoring patients with prostatic cancer (6). PSA
assists in determining the potential and actual effectiveness of
surgery or other therapies. When PSA values are reported,
they are graphed to show the trend of data from early assays
onward. This gives the physician a clear picture of the patient’s
status.

PSA is specific for normal or malignant prostatic tissue. It
is present in normal, benign, hyperplastic, and malignant
prostatic tissue (7). It is present in metastatic prostatic carci-
noma and found in prostatic fluid, as well as seminal plasma.
PSA has not been found in other normal tissue. PSA is
becoming the most widely used test to aid in the prognosis
and management of patients with prostate cancer. The antigen
used in this procedure has been identified and purified to be
specific for prostatic tissue (8). The following case studies
illustrate the value of the PSA assay.

Figure 1 shows steadily increasing levels of PSA in a 71-yr-
old male. The increasing levels show progressive disease de-
spite therapy. All other diagnostic tests were negative until
December 1990 at which time a bone scan showed metastases.
The urologist voiced his frustration at seeing continuous high
results on his patient with all other procedures negative. He
knew that the disease was progressing but was unable to locate
further disease. The rising levels, however, indicated that a
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FIG. 1. 71-yr-old patient having PSA levels monitored while simul-
taneously undergoing radiation therapy.

change in treatment was necessary. PSA testing is also valua-
ble in observing patient trends following successful treatment
of prostate cancer.

The PSA assay results in Figure 2 are for a 77-yr-old male.
A computed tomography (CT) scan indicated no abdominal
or pelvic lymphadenopathy. X-rays and a bone scan were
negative. A needle biopsy was consistent with Gleason Grades
2 and 3 adenocarcinoma of the prostate. A metastatic workup
was negative. The PSA level was consistent with the biopsy.
The urologist decided to perform a radical prostatectomy on
this patient in August 1990. As seen on the graph, the patient’s
postoperative PSA result dropped to a negative level. PSA
levels as well as other diagnostic tests will continue to be
ordered on this patient to observe evidence of recurrent
disease. If the patient’s PSA level begins to rise, it will alert
the physician that more aggressive treatment is necessary.

Figure 3 shows increasing PSA levels in the next patient. A
bone scan of the same patient (Fig. 4) demonstrates evidence
of metastatic bone disease consistent with the increasing PSA
levels.
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FIG. 2. Results of PSA monitoring of a 77-yr-old male diagnosed
with Stage C-3 prostate cancer in Aprii 1990. Resuits show marked
decrease after surgical resection performed June 1990.
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FIG. 3. Typical PSA profile for a 72-yr-old male followed for recurrent
disease after a total prostatectomy. The level increases steadily
following chemo- and radiation therapy.

CA-125

CA-123 is a cancer antigen found in serum of women with
primary epithelial invasive ovarian cancer. The measurement
of CA-125 is used to supplement second-look surgery for
residual ovarian carcinoma in patients. A level of 35.0 U/ml
or greater is indicative of residual tumor (9). The CA-125
assay has proved valuable in predicting the presence of sub-
clinical disease in those patients whose antigen levels are
elevated and who are in clinical remission.

The oncologist sees the CA-125 level as a predictor of
recurring disease. An example would be a woman with known
ovarian cancer who, subsequent to treatment, has been in
remission for several years. Suddenly the CA-125 level is
elevated. This could be an indicator that disease has recurred.
The physician is now alerted that there is a need to undertake
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FIG. 4. Bone scan with metastatic indices for a 72-yr-old male
diagnosed with prostate carcinoma. The patient's PSA result on
Figure 3 (114 ng/ml, 30 times normal) correlates with the extent of
metastatic disease on his bone scan.
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a second-look operation. The CA-125 level is also useful in
monitoring patients undergoing chemotherapy. The physician
uses the test to monitor the rate of decrease in CA-125 after
two to three cycles of chemotherapy.

The assay results shown in the next three figures are typical.
Figure 5 shows results from a patient who had her first CA-
125 level determined in August 1989. The results were nega-
tive at that time but her levels gradually increased during the
year. The patient had a mastectomy in 1975. The breast
cancer had metastasized to the ovaries, resulting in an elevated
CA-125 level. In November, surgery was performed and she
is currently on chemotherapy. Along with a monthly CA-125
level, other diagnostic studies were being performed. The
other studies were negative while the CA-125 increased. This
result alerted the physician to the need for additional tests.

CA-125 results in Figure 6 follow a patient who had a total
hysterectomy in 1988 following the diagnosis of ovarian can-
cer. Two years post-chemotherapy the patient became symp-
tomatic. A CT scan showed a pelvic mass. The patient’s CEA
level was negative and CA-125 was markedly elevated. The
level dropped consistently as treatment was administered.
This drop in the level is indicative of successful treatment.

Figure 7 demonstrates how an increasing CA-125 level can
alert the physician to recurrent disease warranting an aggres-
sive second-look operation. This 38-yr-old female was diag-
nosed with left ovarian cancer in December 1989. After
surgery and treatment, the patient remained asymptomatic
until September 1990. Note the slight increase in the CA-125
level of August 1990. Unfortunately, no level was ordered in
September. However, in that month pathology identified well
differentiated adenocarcinoma compatible with endometrial
carcinoma. The October CA-125 result correlates directly with
the patient’s clinical status and clearly shows marked de-
creases of CA-125 as treatment progressed.
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FIG. 5. Abnormal CA-125 levels on a 64-yr-old female originally
presenting with breast cancer in 1975. The patient did well until June
1990. All other diagnostic tests were negative.

VOLUME 19, NUMBER 3, SEPTEMBER 1991

LOYOLA UNIVERSITY NUCLEAR MEDICINE
CA-125 ASSAY RESULTS

T T v
rewp  _unsse 1220
O B30 2008 Ko 2n.08" S 0200

DATE OF asSav

DATE OF

FIG. 6. In August 1990, this 49-yr-old female had a recurrent pelvic
mass after a total hysterectomy 2 yr earlier. The CA-125 levels shown
on the graph follow an aggressive course of chemo- and radiation
therapy.

CA-15-3

The CA-15-3 assay is used for monitoring breast cancer
patients (/0). Often this tumor marker is positive long before
there is any clinical evidence of disease. The final study
discussed will focus on a breast cancer patient. We started
monitoring CEA levels on this patient in January 1987. The
patient was diagnosed with cancer of the breast in 1979. All
of her CEA levels were negative even though her bone scans,
along with other diagnostic procedures, clearly indicated me-
tastases. The first CA-15-3 ordered on this patient was in
January 1989. This level clearly indicated recurrent disease.
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FIG. 7. CA-125 levels for a 38-yr-old patient treated for ovarian
cancer in December 1989. The patient did well until an elevation in
CA-125 level was observed on 8/27/90. Surgical biopsy results in
early September confirmed recurrence of disease. Elevated results
obtained in October and November are indicative of spread of the
disease. CA-125 levels dropped markedly in December after suc-
cessful therapy.
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Her CA-15-3 levels have continued to rise and fall throughout
the past two years and correlate directly to the periodic success
and failure of treatment.

As physicians gain experience and confidence in using
monoclonal tumor markers, we see more orders for them. In
the future, these monoclonal antibodies can be developed for
use with monoclonal antibody imaging techniques. The vis-
ualization of a tumor will allow the physician to locate a
tumor site and be able to visualize its size as well. The nuclear
medicine physician can utilize the RIA tumor marker results
to distinguish which patients would benefit most from mono-
clonal antibody imaging or therapy.

For example, if Anti CA-125 antibody was developed for
imaging, the patient who would benefit most from a mono-
clonal antibody scan would be a patient who had an elevated
serum CA-125 result because high uptake would be antici-
pated. The integration of RIA procedures with monoclonal
antibody imaging techniques will provide vital information
to the nuclear medicine physician and ultimately impact on
quality health care of the patient. In the future, if imaging
with monoclonal antibodies is possible, then treatment with
therapeutic doses of radioactivity may be possible, targeting
only the tumor cells. RIA is still the most accurate, sensitive,
and specific assay for many substances.

OTHER USEFUL RADIOIMMUNOASSAYS

Some of the more common procedures done in our labo-
ratory are:

Ferritin: Serum ferritin levels are indicative of iron stores
present in a patient. Levels are useful in differentiating true
iron deficiency from the body’s failure to utilize these stores,
often eliminating the need for an invasive bone marrow
biopsy.

Digoxin: This allows direct measurement of serum digoxin
levels quickly and accurately. It is important to rule out
digitoxicity quickly and accurately. We are also able to filter
out digibind to let the physician know how much the level
has dropped after digibind has been administered.

Thyroid testing: This is used to determine the patient’s
thyroid status and to follow patients after iodine-131 therapy
to see if the dose was indeed effective.

Angiotensin I: This measurement allows the analysis of
plasma renin activity in peripheral and renal vein samples to
aid in the differential diagnosis of renal arterial hypertension.

Methotrexate: One of the unique services we are able to
provide to our physicians is the ability to measure methotrex-
ate levels in chemotherapy patients. Methotrexate is an anti-
metabolite and immunosuppressive agent useful in the treat-
ment of lymphomas, sarcoma, and leukemia. It inhibits the
formulation of folinic acid which is necessary for cell division.
Methotrexate blocks the DNA synthesis pathway and is selec-
tively lethal to certain rapidly growing cells. It is damaging to
bone marrow, intestinal tract, and lungs (/7). The body
eliminates this drug through the kidneys. Since toxicity can
arise from delayed elimination, patient hydration is critical.
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Physicians use leucovorin as a rescue agent to avoid toxicity,
and timely methotrexate levels are vital for proper dosage.
The physician needs to know the exact level within 24 hr of
administration of the drug in order to determine the dose of
leucovorin required to rescue the patient. Levels drawn at 48
hr are critical in determining whether a safe methotrexate
level has been attained.

CONCLUSION

Radioimmunoassay procedures have become very sophis-
ticated in the past 30 years. In particular, the development of
monoclonal antibody technology has resulted in the isolation
of specific tumor markers, which in the future may play an
important role in evaluation of patients for monoclonal an-
tibody scanning and therapy. Vital patient information can
be obtained quickly, accurately, economically, and with min-
imal discomfort to the patient utilizing RIA procedures.

The more aware physicians become of the availability of
various RIA procedures, the better they will be able to utilize
the information obtained from testing, thereby enhancing the
quality of patient care. Early detection is the key to successful
treatment, and with the combined sensitivity and specificity
of RIA procedures, the nuclear medicine laboratory offers
important information to aid in early detection of various
diseases and plays a crucial role in diagnostic nuclear medi-
cine.
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