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Introduction

A study by Thomson et al. (48) in late 1969 raised the
possibility that a serum test could be used for the specific
diagnosis of colon cancer. This possibility was reinforced by
early concepts of tumor specificity derived from studies of
animal model cancer and from the known high degrees of
quantitative specificity provided by the immunological tools
available, especially the radioimmunoassay. It was not
possible, however, to extrapolate these basic concepts
directly to human cancer. Indeed, recent information from
experimental systems suggested that human cancer antigens
cross-react within histologically related tissues, as has been
amply discussed at the previous Fetal Antigen Conferences.
This antigen relatedness among human cancers derived
from common embryonic tissues of origin is now well
documented. A detailed investigation of benign as well as
malignant diseases was necessary, and assay methods had to
be improved. The elucidation of the clinical application
required a close relationship between the laboratory and the
clinic. It proceeded rapidly through several phases. The
following narrative summarizes a few present realities
spawned by our hopes, reviews a few of the many problems,
and points to some new investigations.

The Qualitative Phase

The original CEA3 assay described by Thomson et al.
(48) had several disadvantages that limited its clinical
application and investigation. It required 10 ml of serum to
test duplicate 5-ml samples, and 5 to 7 days were needed to
assay a batch of samples. Large numbers of determinations
were not feasible. Despite these limitations, this laboratory
(using the method and reagents provided by the Montreal

1Presented at the Third Conference on Embryonic and Fetal Antigens
in Cancer, November 4 to 7, 1973, Knoxville, Tenn. Supported by Grants
CA-04486 from the National Cancer Institute, Grant IM-18A from the
American Cancer Society, and Contract NIH-NCI NOI CP 33264 from
the National Cancer Institute.

2Presented by.
3The abbreviations used are: CEA, Carcinoembryonic antigen: PCA,

perchloric acid Z-gel, zirconyl phosphate gel: TAA, tumor- associated
antigen.

workers) was able (a) to confirm the initial findings of signif
icant levels of CEA in patients with colonie cancer, the non-
specificity of the assay for colon cancer, and its ability to de
tect pancreatic cancer (33, 34, 37, 51); (b) to show the in
creased frequency of elevated CEA levels in patients with
spreading cancer and especially in metastatic colon cancer
to the liver, compared with early cancer (7, 51); (c) to show
significant levels in non-digestive tract cancer, including
cancer of the breast, lung, and other organs (34), as well as
in nonmalignant diseases including alcoholic cirrhosis (31),
pancreatitis (6), and ulcerative colitis (32). The important
observation of Thomson et al. that complete resection of
colonie cancer resulted in a fall from positive (significant) to
negative (nonsignificant) levels was confirmed (7).

It was apparent early that CEA levels in normal individu
als and in persons with benign diseases differed only
quantitatively from malignant disorders and that study of
large numbers of patients would be required. However, the
use of the Thomson assay precluded ready study of large
numbers of needed controls, i.e., "normal" individuals of all
ages, and patients with other nonmalignant diseases.4 Such
studies had to be deferred until improved, more reproduci
ble assay methods became available which could be per
formed more rapidly on smaller amounts of serum or
plasma. The assays by Hansen et al. (12) and Egan et al. (8)
helped to make these possible.

Although the initial Hansen assay (12) required 5.0-ml
serum duplicates, when it was modified for clinical use, only
1.0 ml of plasma (duplicates) was required, and the assay
could be completed in 2 days or less (22). It retained the
extraction step used in the Thomson assay. Z-gel was used
as the precipitating agent of the radiolabeled CEA-antibody
complex instead of ammonium sulfate. The assay time was
shortened by eliminating the requirement for lyophilization.
The use of Z-gel precipitation and CEA-125I of higher
specific activity increased the sensitivity sufficiently to allow
eventual analysis of 0.5-ml duplicates (13). It became
possible .to detect reliably levels below 2.5 ng/ml and to
perform larger numbers of assays.

4A collaborative study conducted jointly by the American Cancer So
ciety and the Canadian National Cancer Institute was the first to test the
feasibility of large-scale use of the Thomson CEA assay (15).
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When clinical findings obtained with the Hansen and
Thomson assays were compared for "positivity" (using a

2.5 ng/ml cut-off level), 83 to 86% qualitative agreement
was noted, although quantitative variances were quite
apparent (32, 43).

Two groups, Lo Gerfo et al. (22) at the Florence Delafield
Hospital and Reynoso et al. (39) at the Roswell Park
Memorial Institute, collaborating with the Hoffmann-La
Roche laboratories, confirmed with the Hansen assay the
clinical findings observed with the Thomson method and
extended observations to patients with other cancers and
other benign diseases.5

The Egan double-antibody assay (8) eliminated the use of
PCA extraction and further reduced the required amount of
serum (or plasma) to only 0.4 ml (0.2-ml duplicates).6 It

enabled performance of the assay within I working day
(although some investigators using this assay found it
desirable to include an overnight incubation). It had the
potential of testing large numbers of samples, a special
advantage for screening large populations. Go (10) also
eliminated PCA extraction but used Z-gel precipitation.
Laurence et al. (21) first compared clinical findings obtained
with the modified double-antibody assay and the Z-gel
assay and found 72% qualitative agreement among 272 as
says. They, and subsequently Booth et al. (2), using the
modified assay, confirmed and extended the clinical find
ings noted above with the Thomson and the Hansen assays.
For the first time, the excretion of CEA-like substances was
reported in the urine of patients with bladder cancer (11).
MacSween et al. (27) used a similar double-antibody micro-
radioimmunoassay.

The antigen measured in Hansen's assay was initially

described as TAA rather than CEA (22) because the
immunological reaction of antibody and antigen was sensi
tive to varying ionic strength of the medium. The difference
between TAA and CEA has not been borne out, and the
Hoffmann-La Roche laboratory discontinued the designa
tion, TAA. With the availability of the Hansen, Egan, and
other assays (Table 1) and the reagents necessary for their
performance, the cumbersome Thomson assay has now
been largely replaced.

The many additional methods and modifications of
existing methods (Table 1) represent attempts to simplify
and/or improve the original methods. The clinical applica
tions of the Go (10) and MacSween (27) assays (which
require only 0.1 ml serum and 0.025 ml plasma, respec
tively) are currently being evaluated (38, 16-18). Relatively
little clinical information has been reported with the other
assays. The complexity of the present assay systems occa-

'' In order to evaluate the clinical use of the Hansen assay, Roche
Research Center of Hoffmann-LaRoche. Inc.. undertook a large col
laborative study involving 35.000 plasma assays run in double-blind
manner on 10.000 patients in more than 100 hospitals and research
institutions with the participation and consultation of interested investiga
tors and national cancer agencies. It was the largest undertaking of its kind
and provided useful information for the future evaluation of new tests for
cancer.

*A technical comparison of the Thomson. Hansen, and Egan assays has
been published by Fleisher ei al. (9).

sioned some difficulty in reproducibility in different labora
tories. This was first pointed out in the 5-institution survey
of the Thomson assay conducted jointly by the American
Cancer Society and the Canadian Cancer Institute (15).'

The need for standardization of reagents became apparent
to all workers. National standards, controlled by the Bureau
of Biologies of the Food and Drug Administration, have
been instituted. International standards are also being set.
Standardization of the reagents for the Hansen method,
marketed by Hoffmann-La Roche, Nutley, N. J., has been
accomplished. The modification of the Egan double-anti
body method used by the Chester Beatty group eliminated
the 22Na volume marker used by Egan et al., an omission

which may reduce the reliability of the initial method, while
simplifying its performance.

Such variability among laboratories inevitably increases
the risk of clinical misuse of assay findings. This risk can be
reduced by maximum concern for standardization by indi
vidual laboratories and by the use of serial assay findings for
assessing and following the course of the individual patient
rather than single absolute values (see below).

Normal Ranges

The definition of "normal" serum or plasma CEA levels

depends in part on the construction of standard curves,
which vary in different laboratories [discussed in greater de
tail elsewhere (19)]. Some standard curves were prepared
for the Thomson assay with normal serum. A Versene buffer
instead of normal plasma is now commonly used in the
standard curve for the Hansen assay. Serum, plasma, or
phosphate-buffered saline containing rabbit IgG is used for
standard curves in the Egan assay.

Studies initially carried out with the Thomson and
Hansen techniques used a 2.5 ng/ml threshold level between
"negative" and "positive" CEA values, while those using

the modified Egan assay reported a cut-off level of 12.5
ng/ml (2, 21). The frequency of reported positive assays
depended on this arbitrary threshold, the selection of
patients, and the stage of the disease studied. Some
discrepancies in CEA values observed in different laborato
ries derived from the arbitrary use of these cut-off levels.
Variability due to technical factors also precludes use of any
sharp cut-off level. While cut-off levels may be necessary for
statistical purposes in epidemiological analysis, they cannot
be assigned similar importance in clinical assessment of
individual patients.

CEA levels in patients with nonmalignant diseases not
infrequently occur between 2.5 and 5 ng/ml, or higher, with
both the Hansen and Thomson assays; levels above 10
ng/ml are unlikely to occur in nonmalignant disorders; and

7A 3rd cooperative survey was conducted by the Division of Cancer

Biology and Diagnosis of the National Cancer Institute, designed to
compare the principal CEA methods in use in the United States, Canada,
and Europe (see Table I). Eleven laboratories, using their own methods (or
modifications of other methods) measured CEA in aliquots of the same
blood specimens obtained from more than 100 normal persons and
patients.
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Table 1
Comparison of some clinical immunoassays for CEA"

InvestigatorsThomson

el al.(48)Smith
et al.(42)Hansen

Ã©tal.(13)LoGerfoc
et al.(22)Lange

Ã©tal.(20)M

art in et al.(29)Egane/o/.

(8)Laurence'
el al.(21)MacSween
et al.(27)Go'

et al.(10)McPhersone-ra/.
(30)Coller

et al. (5)Extraction1

.0 MPCA1.0
MPCA0.6

MPCA0.6
MPCA0.55
MPCAImmunoprecipita-tion

plusPCANoneNoneNoneNoneNoneNoneCoprecipitation50%

Ammoniumsulfate50%
AmmoniumsulfateZ-gelZ-gelHemagglutinationinhibition"50%

AmmoniumsulfateAnti-lgG-AbAnti-IgG-AbAnti-lgG-AbZ-gelTube

solidphaseRIEP"

bindingSample

and time
required"5

ml serum; 5days1
ml serum orplasma;3

days0.5
ml plasma; 1day1

ml plasma; 1day2.5
ml serum; 1day5

ml serum; 6days0.2

ml buffer; 1day0.2
ml plasma; 2days25

Â¿ilserum; 3days0.1
ml plasma; 2days1

ml serum orplasma;5
dayslOjil

serum; 2 hrNormal

level
(ng/ml)<2.5<

1.3<2.5<2.5<5.0<4.00

2.5"<12.5"<5.0<2.0<2.5/

" Compiled with the help of Dr. D. Munjal.
" Volumes shown are for single determinations (duplicates required).
' Modifications of Hansen's Z-gel assay.
" Nonisotope technique.
' No clinical data reported: normal levels reported by Coligan el al. (4).

Medication of Egan's double-antibody assay.
eNormal range for Blacks was reported to be up to 30 ng/ml.
* RIEP, radioimmunoelectrophoretic.
' Samples assessed qualitatively only.

levels greater than 20 ng/ml probably indicate metastatic
disease. Even with the early use of the Thomson assay, it
was apparent that higher levels of CEA occurred more
frequently in those patients with metastatic colon cancer
and especially in those with liver mÃ©tastases(7, 51).

Early cancers, e.g.. Duke's Stage A colon cancer, varied

from 20 to 40% positivity depending upon the method used,
whereas all 3 assays yielded 90 to 100%positivity in patients
with widespread colonie mÃ©tastases,particularly when the
liver was involved (7, 21, 23, 51).

Using the Laurence modification of the Egan method
(normal range of 0 to 12.5 ng/ml), Booth et al. (2) found
their results were compatible with findings with other
assays, i.e., approximately 70% positivity in digestive tract
cancer. In patients with carcinoma of the colon, values
greater than 100 ng/ml indicated widespread mÃ©tastases.
Levels above 50 to 55 ng/ml were consistent with cancer
levels. Approximately 20% of their patients with early and
localized lesions (presumably colorectal cancer) had CEA
levels greater than 40 ng/ml and 40% had levels greater than
12.5 ng/ml.

Using the Hansen assay, Vincent et al. (49) found that
77% of lung cancer patients had an initial CEA concentra
tion of greater than 2.5 ng/ml. Twenty-seven of 28 patients
who had a CEA concentration of greater than 15 ng/ml at
the time of initial examination were found to have locally
extensive or disseminated disease. Thirty % of their patients
who subsequently underwent surgical resection of proven
lung cancers had initial levels of less than 2.5 ng/ml.

Roche Laboratories reported that 97% of healthy non
smoking subjects had CEA levels below 2.5 ng/ml, com

pared with "smokers," 81% of whom had CEA levels below

2.5 ng/ml, 15% between 2.6 and 5.0, and 3% between 5.1
and 10 ng/ml, and 93, 5, and 1%, respectively, among
former smokers (13). Stevens and Mackay (45) also ob
served increased levels in heavy smokers.

As methodology improved and more patients were stud
ied, it was appreciated that minimal differences, particularly
around the "normal" cut-off levels, were not of discriminat

ing clinical significance. Consequently, in this laboratory we
minimize use of the misleading terms "positive" and
"negative."

Quantitative Phase in the Clinical Application of CEA
Assays: Use of Serial Assays

The principal limitations to the qualitative use of all
present CEA assays are that (a) none of the presently
available antigens and antibodies is "specific" for the

diagnosis of cancer, and (b) 50% or more of patients with
early cancer of the colon do not have elevated CEA levels
when first seen. Thus, the use of single CEA values for
diagnosis or for screening is not warranted. With improved
quantitation of the methods, marked elevations of circulat
ing CEA were seen in advanced malignancy; levels exceed
ing 500 ng/ml were seen with both the Hansen and Egan
assays. The desirability of following CEA levels sequentially
during the clinical course of individual patients became
apparent.

The potential usefulness of serial assays was forecast by
the early studies with the Thomson assay in Montreal and in
Boston, in which changes in pre- and postoperative CEA
levels were observed in patients with colon cancer. The
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prognostic advantage of persistently negative levels, the fall
of initially elevated levels to low or negative levels, and the
prognostic disadvantage of persistently elevated levels pre-
and postoperatively have been widely confirmed (2, 7, 14,
21, 23, 39). Further studies showed the desirability of
following patients for longer periods with frequent determi
nations; several patients developed rising CEA levels and
mÃ©tastases12 or more months after apparently curative
resections. Sorokin et al. (44) carried out a prospective
study of serial CEA levels in 102 selected patients who had
undergone potentially curative operations for colorectal
cancer and who had no detectable metastatic or recurrent
disease. Twelve patients developed sustained elevations in
the CEA levels of greater than 2.5 ng/ml; 6 of these had
progressively rising CEA titers and subsequently developed
recurrent cancer. The rises in CEA levels were observed 0 to
29 months before cancer recurrence was clinically detected.
Six other patients had "stable" elevations, and none had
clinically detectable cancer. Eighty-four patients with CEA
levels consistently under 2.5 ng/ml had no evidence of re
current cancer, although 2 developed 2nd primaries. Holy-
oke et al. (14) previously showed similar findings in individ
ual cases. Generally speaking, the CEA values in lung can
cer increased as the disease progressed (49). There were ex
ceptions, however, and a small number of patients were
found to have normal CEA concentrations at a time near
death, but at autopsy had extensive mÃ©tastases.Vincent and
Chu (49) concluded that the CEA assay was valuable as a
prognostic marker capable of suggesting the successful re
section of lung cancer and of confirming clinical response to
either radiotherapy or chemotherapy. In a number of cases
they noted that levels of antigen anticipated clinical evidence
of the progression of the disease by several months. Khoo
and Mackay (16) showed that serial CEA levels provided a
good index of effectiveness of surgical excision of cancer in
patients with cancers of the cervix, body of the uterus, and
ovary. All workers agree that negative CEA levels do not
preclude either primary or metastatic disease.

Studies of the use of serial assays as a monitor of
chemotherapy were reported in patients with neuroblastoma
(39); cancer of the colon, pancreas, stomach, and biliary
tract (14, 35, 38, 40, 41); breast (3, 46, 47); cervix, body of
uterus, and ovary (16); and lung (49). Rising serial CEA
levels in patients with metastatic gastrointestinal and breast
cancer being treated with chemotherapy correlated with
disease progression (40, 41, 46, 47). Persistently low CEA
levels (i.e., less than 2 to 3 ng/ml) and, particularly, unde-
tectable CEA levels were favorable prognostic signs in pa
tients with colon cancer (40). In breast cancer, a disease
more responsive than digestive tract cancer to available
chemotherapy, falling CEA levels appeared to reflect
favorable response (47). Chu and Nemoto (3) did not feel,
however, that serial CEA levels provided an adequate
monitor for breast cancer. These findings must all be con
sidered preliminary since longer follow-up intervals are
needed. Whether the changes in CEA levels occur early
enough to permit curative therapy such as "2nd look"

surgery or beneficial change of chemotherapy has not yet
been shown.

Although the use of isolated CEA tests alone for screen
ing purposes is not recommended, the use of serial CEA
assays does warrant a clinical trial, especially when these
are combined with other available tests (for example,
repeated stool tests for occult blood) and applied to groups
at high risk for colon cancer such as those with ulcerative
colitis, previous history of colonie cancer, or multiple
polyposis, congenital or adult.

In the attempt to reduce the volume of the blood sample
and to produce more rapid assays, several workers elimi
nated the use of PCA extraction. The distinction between
the direct (without PCA) and indirect (with PCA) assays
requires elucidation. There is concern over whether the
presence of the carbohydrate-poor proteins (which would
otherwise be eliminated by PCA) could adversely affect the
radioimmunoassay and contribute to discrepant results. The
12.5 ng/ml upper level of normal reported by Laurence et
al. (21), using the modified Egan assay, suggests that
significant amounts of these proteins are included in the
values given by such direct assays. MacSween et al. (28)
pointed out that with direct assays "false positive" findings

could occur (i.e., positive in tests on whole serum, but
negative after extraction with PCA). They further suggested
that merely heating serum to 80Â°aggregated most of the

serum proteins while leaving CEA in solution (27).
It is assumed that the CEA activity detected in blood of

cancer patients is identical to that detected in normal
patients and in benign diseases. However, it is likely that
CEA-like antigens comprise a family of closely related
glycoproteins. If the glycoprotein produced by the growing
tumor mass is bound equally well by the antibodies used in
all CEA assay systems, then all systems may detect equally
well changing trends of circulating antigen in the same
patient regardless of the absolute levels reported. If the
tumors produce circulating antigens of different antigenic
specificities, then some assays may detect differing amounts
and reveal differing levels of CEA.

The trends established by serial measurements of CEA
seem similar and may prove equally useful in following the
clinical course of individual patients. No comparative
studies have yet been reported. If this proves to be true, the
elimination of the PCA step would be advantageous, not
only because of the simplification of the assay method, but
also because the reagent is potentially explosive under
certain circumstances and best avoided when possible.

Whether or not circulating antibodies to CEA are present
in patients with cancer is not yet answered. If present in
significant amounts, they could influence differently find
ings obtained by direct and indirect systems.

Mach and Holburn (26) showed that the activities of
blood groups A, B, Lewis a and Lewis b were associated with
some CEA preparations that were immunologically identi
cal to CEA prepared in Montreal, when tested against
Montreal goat anti-CEA antibody. They suggested that the
use of labeled CEA containing blood group antigen activity
could influence results obtained when used in direct radi-
oimmunoassays for CEA, since antibodies to the blood
group antigens are usually present in the test specimens.
Again, the clinical significance of this factor has not been
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determined.
Nery et al. (36) recently observed that CEA levels as

determined by the Laurence radioimmunoassay (21) in
plasma of fresh blood specimens may increase on storage of
the whole blood specimen and, further, that the levels in
serum may be higher than those in plasma of the same blood
specimen. Such increases were thought to arise from the
gradual release by blood cells of CEA-like cellular compo
nents into the plasma. Whether these changes are suffi
ciently great to account for some unexplained variations in
CEA levels observed is unknown.

The initial study in this laboratory showed that elevated
circulating levels of CEA were found in patients with
advanced alcoholic cirrhosis. Perhaps more than any other
common benign clinical condition, liver disease may give
elevated CEA levels. This has been confirmed widely (2, 15,
18). Recently, we have observed that some patients with
obstructive jaundice may also have CEA elevations, which
are usually reversed on release of the obstruction, provided
persistent biliary inflammation or liver abscess does not
supervene (25). Further studies of disordered hepatobiliary
function and its influence on circulating CEA levels are
needed.

Discussion

We have come a long way from the initial promise of a
serological test specific for colon cancer. CEA has been the
most extensively studied of the cancer markers to date, and
much has been learned. The CEA experience has shown the
rapidity with which a sound basic concept, e.g., that relating
embryonic antigens to antigens extractable from the com
mon human cancer, can be evaluated in patients. The
elegance of the concept has given way to the empirical
realities of human disease in general and human cancer in
particular. Bodansky (1) pointed out that a major contribu
tion of the work on CEA was that it placed emphasis on the
common solid cancers (digestive tract, lung, breast, pros
tate, etc.) where it was badly needed. The accomplishments
to date are significant and remain promising.

CEA appears to be a nonspecific marker of well-differen
tiated adenocarcinoma, of which colon cancer is only 1
example. The need for more specific (i.e., useful) markers
for individual cancers is urgent. New methods for the
extraction of malignant tissues for macromolecular markers
using more gentle extracting procedures than that afforded
by PCA are under study.

The demonstration that CEA and a-fetoprotein are useful
in following the clinical course of patients with cancers has
restirred interest in other tumor markers such as enzymes,
isoenzymes, and hormones, e.g., alkaline and acid phospha-
tase, 5-nucleotidase, phosphohexose isomerase, aldolase,
adrenocorticotrophic hormone, chorionic gonadotropic hor
mones, and gastrin, among others. These have also been
used for follow-up purposes. Their selective use combined
with CEA and/or a-fetoprotein determinations may prove
advantageous and requires further study. Thus malignant
tissue gives numerous signals of its presence, its state of
morphological differentiation and mass, and its spread to

distant tissues.
Preliminary findings suggest that improved immunologi-

cai diagnosis and prognosis may be obtained by the
combined use of the CEA assay with tests of cell-mediated
immunity (24).

Finally, the urgent need for understanding the complexity
of cancer and for finding means for earlier diagnosis, cure,
and prevention have made clear the indispensability of
collaborations among all workers, basic and applied, clini
cal and laboratory. We are merely at the beginning.
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