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A proficiency testing survey for carcinoembryonic antigen (CEA) was con-
ducted by the Center for Disease Control. The results from 125 laboratories
throughout the United States indicate that many laboratories perform satisfac-
torily, but some laboratories need substantial improvement. Failure to follow
manufacturer's recommendations and failure to heed the indications of "out of
control" control results were two of the reasons for poor performance. Results
reported for samples with CEA levels of -20 ng/ml showed that the direct
method produced significantly higher values than the indirect method on either
whole or diluted plasma. Almost one-fourth ofthe results reported in this survey
were placed in the wrong nominal group. It was determined that the results
were log normally distributed and, consequently, that statistical methods that
are appropriate for this distribution should be used for the analysis of CEA
results. Most of the variation observed was the result of poor comparability
between laboratories rather than lack of precision within the laboratory. This
indicates that better performance could be achieved by better standardization
and closer adherence to established procedures.

Carcinoembryonic antigen (CEA) is a glyco-
protein which is associated with embryonic en-
todermal epithelium and which can also be de-
tected in extracts of carcinoma cells. Gold and
Freedman (2, 3; P. Gold and S. 0. Freedman, J.
Clin. Invest., 44:1051-1052), by using heterolo-
gous antisera, first detected the antigen in co-
lonic adenocarcinoma tissue. Clinical studies
have indicated that detection and quantitation
ofCEA in plasma or serum may be of use in the
diagnosis and management of some types of
cancer (7).
The most commonly used procedure for CEA

determinations is CEA-Roche, a commercially
available method (6, 7). This method specifies
perchloric acid (PCA) extraction of the antigen
from plasma, reaction of the antigen with spe-
cific antibody, addition of labeled CEA (125I-
CEA), and precipitation of the CEA-antibody
complexes by zirconyl phosphate (Z gel). Other
methods either do not require PCA extraction
or they prescribe other means of separating the
free 125I-CEA from the 125I-CEA-antibody com-
plexes.

Because CEA determinations are being per-
formed in an increasing number of laboratories,
the Proficiency Testing Branch, Center for Dis-
ease Control, conducted a special proficiency
testing survey for CEA determninations in June
1976. Participation in the survey was volun-
tary, and performance was not graded. The

purpose of the survey was to assess within- and
between-laboratory performance of CEA as-
says.

MATERIALS AND METHODS
A pool of plasma containing high levels of CEA

was obtained through the courtesy of Robert H.
Engel, Leary Laboratories, Boston. Dilutions of this
pool were prepared in pooled plasma obtained from
healthy donors. A portion of the normal pool was
used as sample XS6-004. Sample XS6-002 was a 1:10
dilution of the positive plasma, XS6-001 was a 1:150
dilution, and XS6-003 and XS6-005 were 1:300 dilu-
tions.
The samples were sterilized by membrane filtra-

tion, and 2.5-ml portions were dispensed into 6-ml
bottles. Samples were stored at -20°C until they
were packed in Styrofoam boxes and shipped unre-
frigerated.
The samples were shipped to 140 participating

laboratories in which CEA testing was being done.
These laboratories were enrolled in one or more
proficiency testing programs offered by CDC. Re-
sults of the tests were due 3 weeks after the date of
shipment, because most of the laboratories schedule
CEA testing at least biweekly. The results returned
were not graded, but participants were given the
median value and the range of values reported for
each sample and the differences between results
reported for samples XS6-003 and XS6-005 and for
samples XS6-001 and XS6-004.
The distributions of results were analyzed by the

Kolmogorov-Smirnov (K-S) test of goodness of fit to
determine whether the results were normal or log
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normal (5, 8). The K-S test was chosen over the Chi-
square test because the former is a more powerful
test. Analysis of variance was used to estimate the
components of within- and between-laboratory vari-
ance.

RESULTS
The results reported by the participant labo-

ratories are summarized in Tables 1 and 2. The
distribution did not appear to be normal (Gaus-
sian), and, consequently, it would have been
inappropriate to use Gaussian parameters
(arithmetic mean and standard deviation) for
analyzing the results. In the interest of time,
results were reported to participants in terms of
the median and range. Subsequent analysis re-
vealed that the distribution was log normal, as
is shown in Fig. 1 and Table 3, and the geomet-
ric statistical methods and notation previously
described (9) were used in this analysis.
The calculated K-S values, the critical values

at different levels of significance, and the prob-
ability of obtaining that particular K-S value,
assuming that the observed curve fits the theo-
retical curve, are given in Table 3. The means,
standard deviations, and 2-standard deviation
limits are also given. The observed results fit
the log normal distribution as well as or better
than the normal distribution. In Fig. 1 are plot-
ted the theoretical cumulative distribution, the
cumulative distribution for the standardized
observations, and the cumulative distribution
for the standardized observations after log
transformation.
The following observations were made for the

16 laboratories reporting values above 2.5 ng/
ml on sample XS6-004. Two of the laboratories
did not use the Roche procedure and did not
indicate to us what they considered to be a
"normal" value; three of the laboratories used
only a single control, and values for two ofthese
controls were above 5 ng/ml; seven of the labo-
ratories used only two controls, and three of the
low-level controls were above their expected
limits; the remaining four laboratories used
four controls, and the control results were ele-
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vated in two of these laboratories. Thus, it ap-
pears that at least half of the elevated levels
reported on this sample should not have been
reported, because improper controls were used
or the control results indicated that a problem
existed in the test.
Approximately 20% of the duplicate counts

reported were not within 5% of the mean count.
These results did not conform to the limit sug-
gested by the manufacturer, and therefore the
test should have been repeated (6). Of the labo-
ratories reporting greater than 5% difference on
duplicate counts, very few reported this much
difference on more than one specimen. Varia-
tion in counts for the same sample was smaller
than variation in counts between the duplicate
samples. This could indicate that some of the
variation within samples (duplicate counts on
the same sample) was greater than the 5% limit
and was eliminated by screening and repeat
testing before the results were reported.
Table 2 shows the differences between results

on duplicate and paired samples within labora-
tories. These data were included to indicate the
degree of precision that was obtained with
these tests. The results on duplicate samples

TABLE 2. Within-laboratory differences between
results on duplicate and paired samples

Laboratories
reporting (%)

Duplicate samples (XS6-003 and XS6-
005)

0-0.2 36.4
0-0.4 54.5
0-0.6 68.6
0-1.0 79.3
0-2.0 90.9
0-9.5 100.0

Paired samples (XS6-001 and XS6-004)
4.2± 0.5 38.6
4.2 ± 1.0 62.3
4.2 ± 2.0 87.7
<2.2 8.8
>6.2 3.5

TABLE 1. Summary of results reported on CEA proficiency testing samplesa
Specimen no. Median Range XGb SDGC 2 SDG range
XS6-001 5.5 1.5-10.1 5.5 1.35 3.0-10.0
XS6-002 105.0 12.4-270.0 106.8 1.48 48.8-233.9
XS6-003 3.3 0.8-13.0 3.1* 1.54* 1.3-7.3*
XS6-004 1.1 0.1-10.3 1.1 2.03 0.3-5.1
XS6-005 3.2 0.8-12.0 3.1* 1.54* 1.3-7.3*

a All results are expressed in nanograms per milliliter of plasma; outlier results are not included.
b Geometric mean.
c Geometric standard deviation; antilogarithm of standard deviation of logarithms of observations.
d Asterisk indicates results on duplicates were combined for statistical calculations.
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FIG. 1. The theoretical cumulative distribution, the cumulative distribution for the standardized observa-
tions, and the cumulative distribution for the standardized observations after log transformation. Symbols:

Theoretical cumulative distribution function; ---, observed cumulative distribution function;
observed cumulative distribution function after log transformation of results.

(XS6-003 and XS6-005) reveal that more than
one-third of the laboratories obtained results
that were within 0.2 ng/ml and that more than
two-thirds of the laboratories obtained results
which were within 0.6 ng/ml. Over 20% of the
laboratories, however, obtained results that
were not within 1.0 ng/ml, and almost 10% of
the laboratories obtained results that were not
within 2.0 ng/ml. These figures indicate that
many ofthe participating laboratories are capa-

ble of excellent performance with this test, but
some ofthem need substantial improvement.
The results on paired samples (XS6-001 and

XS6-004) were included as another measure of
precision. The median difference between the
values reported on these samples was taken as
the true difference, and the variation around
that difference was computed. More than one-
third of the laboratories reported differences
that were within 0.5 ng/ml ofthe median differ-
ence, and almost two-thirds of the laboratories

reported differences which were within 1.0 ng/
ml. More than 12% of the differences were more
than 2.0 ng/ml from the median difference. The
range of differences for the paired samples was
larger than that for the duplicate samples, but
more variation would be expected when sam-
ples of different levels are being assayed. For
example, errors in the standard curve, differ-
ences in precision at different levels, or dilution
errors would be more likely to be detected with
paired samples than with duplicate samples.

Arithmetic and geometric statistical treat-
ments of within-laboratory variation are pre-
sented for comparison in Table 4. The approxi-
mate limits suggested for CEA-Roche are also
given (6). As expected, the geometric mean is
lower than the arithmetic mean. The two stan-
dard deviation limits from the geometric treat-
ment and the specified parameters from CEA-
Roche indicate good comparability in spite of
the differing assumptions concerning the distri-
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TABLE 3. Distribution analysis ofCEA results

Critical values for

Specimen no. K-S significance levels Probabil- a+ SD) ( x/SD ) 2 SD Limits (2 SDGK-S ~~of ity G G limits)

0.05 0.01

XS6-001
Normal 0.07 0.15 0.13 <0.01 5.57 + 1.71 2.15-8.99
Log normal 0.08 <0.01 (5.35 x/±. 1.41) (2.69-10.64)

XS6-002 (direct)
Normal 0.14 0.19 0.16 <0.01 116.6 ± 27.4 61.8-171.4
Log normal 0.10 <0.01 (113.9 x/-. 1.25) (72.9-178.0)

XS6-003 and XS6-005
Normal 0.16 0.11 0.09 >0.05 3.51 ± 1.85 -0.19-7.21c
Log normal 0.06 <0.01 (3.13 x/ . 1.61) (1.21-8.11)

XS6-004
Normal 0.18 0.15 0.13 >0.05 1.60 ± 1.43 -1.26-4.46c
Log normal 0.05 <0.01 (1.17 x/+. 2.28) (0.23-6.08)

a Arithmetic mean plus or minus 1 standard deviation.
b Geometric mean multiplied or divided by 1 geometric standard deviation. Geometric standard devia-

tion-antilog of standard deviation of logarithms of observations.
c Calculations from normal distribution indicates negative lower limits of 2 SD range. Negative values

are impossible to obtain in reality.

TABLE 4. Arithmetic and geometric treatment of
within-laboratory variation of CEA results

Differ-
x t SDa or XG x/ 2 SD lim- ence be-Mean SDGb its tween 2

SD lim-
its

Arithmetic 3.51 t 1.12 1.27-5.75 4.48
Geometric 3.13 x/-. 1.25 2.01-4.87 2.86
CEA-Rochec 3.51 ± 0.5 2.51-4.51 2.00

(arithmetic)
a Arithmetic mean plus or minus 1 standard deviation.
b Geometric mean multiplied or divided by 1 geometric

standard deviation. Geometric standard deviation is the
antilog of standard deviation of logarithms of observations.

c Mean and standard deviation suggested by CEA-Roche
(8).

bution of results. The two standard deviation
limits for CEA-Roche are smaller than the geo-
metric limits, but it seems reasonable to as-
sume that a laboratory could get the kind of
precision indicated by Roche.

Analysis of variance revealed that there was
significantly greater between-laboratory varia-
tion than within-laboratory variation in the
results for samples XS6-003 and XS6-005. In
other words, most of the variation was the re-
sult of poor comparability between laboratories
rather than lack of precision within the labora-
tory. These findings indicate that better stan-
dardization and closer adherence to established
procedures are needed.

Table 5 shows the geometric mean, standard
deviation, and range of results on samples with

TABLE 5. Summary of results on samples with
elevated CEA levels by method

No. of
Method laborato- jGa SDGb Range

ries

CEA-Roche
Direct 66 113.0 1.25 58-270
Indirectc 21 28.6 1.51 12-66
Diluted, in- 5 55.8 1.51 33-86

direct
Double Anti- 4 79.7 1.22 60-93

body
a Geometric mean.
bGeometric standard deviation, antilogarithm of stan-

dard deviation of logarithms of observations.
c Does not include indefinite titers such as <25, <20.

elevated CEA levels by method. The geometric
mean of the results obtained with the indirect
CEA-Roche method performed on undiluted
plasma or on diluted plasma was significantly
lower (P < 0.001) than that obtained with the
direct CEA-Roche method. The geometric mean
of the results by the double antibody technique
was also lower than that for results by the
direct method, but the difference was not statis-
tically significant by Student's t test.
CEA levels have been grouped according to

their clinical significance. For CEA-Roche, val-
ues of 2.5 ng or less per ml are considered
normal, whereas values between 2.6 and 5.0 ng/
ml are intermediate and can usually be consid-
ered elevated, but should be interpreted cau-
tiously. Values above 5.0 ng/ml are elevated

J. CLIN. MICROBIOL.
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and those above 20 ng/ml are suggestive of
metastatic disease. Normal levels may be dif-
ferent with other tests.
The results reported on the normal plasma

(sample XS6-004, kG = 1.1 ng of CEA/ml) fell
into the elevated and the intermediate group as
well as the normal group (Table 6). Of the
reported results, 2.5% indicated that the CEA
level of this specimen was elevated, and 12.5%
indicated that CEA in the specimen was at the
intermediate CEA level. For the samples con-
taining slightly elevated (intermediate) levels
of CEA (XS6-003 and XS6-005, kG = 3.1 ng of
CEA/ml), 21.6% of the results indicated that
they contained normal levels of CEA, and
13.1% of the results indicated that they were
definitely elevated. The sample that contained
elevated levels of CEA (XS6-001, xi = 5.5 ng of
CEA/ml) was reported as normal by 3.4% of the
laboratories and as intermediate by 30.5% of
the laboratories. The sample with CEA levels
considered indicative of metastatic disease
(XS6-002, xk = 106.8 ng/ml) was classified as
elevated by only 3.1% of the laboratories. Al-
most one-fourth of all the results (24.3%) fell
into the wrong group.
Most laboratories that participated in this

survey used the CEA-Roche procedure. Four
laboratories used a method in which a second
antibody (anti-human globulin) is used to pre-
cipitate the anti-CEA and bound CEA. One
laboratory used a procedure for CEA-S, a homo-
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geneous species of CEA that is reported to be
more specific for adenocarcinoma than other
heterogeneic preparations of CEA (1). All re-
sults except those for CEA-S were included in
the tabulations.
The CEA-Roche results and the results from

laboratories that use methods other than CEA-
Roche were not distributed differently. All re-
sults from the individual laboratories tended to
be consistent: consistently high, consistently
low, or consistently close to the means of the
results reported for the CEA-Roche procedure.
(See Table 7.)
We would suggest that quality control results

and similar analyses of CEA determinations be
calculated and plotted by the methods that we
have previously described (9).

DISCUSSION
The CEA assay cannot be used as a screening

test for carcinoma because of the number of
carcinoma patients with normal CEA levels, as
well as the number of healthy individuals with
levels greater than 2.5 ng/ml. The assay has
been advocated as an adjunct in diagnosis of
individual patients suspected of having carci-
noma or in following the progress of patients
after surgery or during therapy. In both situa-
tions, serial tests are preferred to single deter-
minations. A knowledge of the extent of inter-
laboratory and intralaboratory variation in test
results is important in such cases so that the

TABLE 6. Distribution ofCEA results by nominal group

Elevated Indicative of
Specimen no. (nglNoml<2 Inter ediate (5.0< x <20.0 metastasis(ng/ml)<2.5ngml) (2.< x ~5. ng/ml) ng/ml) (-20.0 ng/ml)

XS6-001 (elevated) 5.5 3.4a (4/118)b 30.5 (36/118) 66.1 (78/118) 0
XS6-002 (meta- 106.8 0 0 3.1 (4/127) 96.9 (123/127)

static disease)
XS6-003 (interme- 3.1 29.1 (34/117) 59.8 (70/117) 11.1 (13/117) 0

diate)
XS6-004 (normal) 1.1 85.0 (102/120) 12.5 (15/120) 2.5 (3/120) 0
XS6-005 (interme- 3.1 14.3 (17/19) 70.6 (84/119) 15.1 (18/119) 0

diate)
a Percentage of results in this nominal group.
b Number of results in this group/total number of results for this specimen.

TABLE 7. CEA results obtained with methods other than CEA-Roche

Sample No.
Laboratory Method Units

XS6-001 XS6-002 XS6-003 XS6-004 XS6-005

A Double antibody ng/ml 10 90 5.0 4.0 5.0
B Double antibody ng/ml <1 60.4 <1 <1 <1
C Double antibody ng/ml 7.8 93.1 4.4 1.6 3.9
D Double antibody ng/ml 5.5 80 3.5 1.5 3.5
E CEA-S U/ml 6.47 33.8 5.77 6.50 8.00
Participantkx ng/ml 5.5 106.8 3.1 1.1 3.1
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physician can determine whether changes in
CEA levels are significant. Reporting incorrect
results, either consistently biased or sporadi-
cally high or low, could cause problems in the
diagnosis and treatment of patients.
Nearly one-fourth of the results reported for

the samples in this survey were placed in the
wrong nominal group (normal, intermediate,
elevated, or indicative of metastasis) as com-
pared with the means of all the results. Twenty
laboratories (16%) failed to detect differences in
positivity of samples XS6-001 and XS6-004.
Sixteen of these laboratories reported results
which were higher than normal (>2.5 ng/ml)
for XS6-004 and which therefore were similar
to the results for sample XS6-001. The others
reported normal levels (<2.5 ng/ml) for sample
XS6-001, and their results were likewise simi-
lar for the two samples.
Many ofthe aberrant results could have been

eliminated by strict adherence to the protocol of
the test and to quality control procedures. All
laboratories reported using four or more stan-
dards (including zero concentration), but 57
(46%) used three or fewer control samples. A
number of the results reported for the controls
were not in agreement with the expected values
or ranges given.
When serial samples from an individual are

being tested, results obtained with the direct
(no extraction) method and the indirect (PCA
extraction) method may be different. This dif-
ference is particularly important when the
CEA level is around 20.0 ng/ml (4). Because of
the shape of the inhibition curve for CEA, re-
sults around 20.0 ng/ml may be imprecise, since
small changes in counts per minute suggest
large changes in concentration. Moreover, in
this range the antibody becomes saturated, and
the 125I-CEA is unable to compete effectively, so
the resultant counts no longer reflect the
amount of CEA present in the plasma. There-
fore, results higher than 20.0 ng/ml obtained by
the indirect assay are not valid, but 21 laborato-
ries (17%) reported such values on sample XS6-
002 of this survey.
PCA extraction is used to remove the CEA

from cross-reacting material in the plasma be-
cause CEA is soluble in PCA because of its high
carbohydrate content. When CEA values are
greater than 20.0 ng/ml, the cross-reacting ma-
terial apparently does not contribute apprecia-
bly to the results. However, PCA extraction
gives lower CEA values than those obtained by
direct methods, and the differences in results

obtained are not consistent with all sera (11; A.
C. Madsen, D. L. Brown, Z. Y. Madsen, J. T.
Wu, P. F. Bray, Clin. Res. 23:115A). In this
survey, the results reported for plasma that
was diluted and then assayed by the indirect
method were significantly lower than the re-
sults for plasmas tested by the direct method.

Several species of CEA have been reported,
and assay results may vary with the standards
or antiserum used (10, 11). The samples used in
this survey were prepared from a single posi-
tive pool and a normal pool, so the proportions
of the variants in each sample should have been
relatively constant. Variation in results due to
different species would not have been detected
in this survey.
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