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PURPOSE: The aim of our study was to determine to what 
extent serial carcinoembryonic antigen (CEA) monitoring 
is helpful in detecting colorectal cancer recurrence in 
patients if their preoperative serum CEA is normal. Addi- 
tional major objectives of this study were to correlate CEA 
immunohistochemical features of the primary tumor with 
serum CEA levels at the time of tumor recurrence in node- 
positive colorectal cancer patients with low preoperative 
CEA values. METHODS: One hundred fourteen node- 
positive colorectal cancer patients with preoperative 
serum CEA levels of <5.0 ng/ml undergoing clinically 
curative operations were studied. Primary tumors were 
evaluated for tissue CEA using the same monoclonal an- 
tibody as used for serum CEA determinations utilizing the 
avidin-biotin-peroxidase immunohistochemical tech- 
nique. RESULTS: The exact preoperative serum CEA value 
did not correlate with tumor grade, immunohistochemi- 
cal CEA intensity or pattern. In the 32 patients who 
developed recurrent cancer, the serum CEA at recurrence 
was greater than 5 ng/ml in 44 percent. MI such patients 
had CEA present in their primary tumor. There was no 
correlation with the exact preoperative serum CEA, the 
intensity of the primary tissue CEA, or the localization of 
such CEA and subsequent serum elevation at recurrence. 
CONCLUSION: Serum CEA is a useful marker in the 
detection of recurrent colorectal cancer despite normal 
preoperative values. [Key words: Carcinoembryonic anti- 
gen; Colon cancer] 
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T he oncofetal  protein carc inoembryonic  anti- 

gen (CEA) is used clinically in patients with 

colorectal cancer to compl iment  pathologic staging 

in prognosis, ~ s as a postoperative serum marker 

for the detect ion of recurrence,  4-6 and as an antigen 

for rad io immunodetec t ion  ~-9 and radioimmuno-  

therapy.< 6 The presence  of elevated preoperative 

serum levels correlates with the stage of disease. 4'6 

However, only about one-half  of node-posit ive co- 

lorectal carcinoma patients have elevated preop- 
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erative levels. < s It is unclear as to the usefulness 

of postoperative serial CEA levels in the detect ion 

of recurrence in patients whose  preoperative levels 

are low. The major objectives of this study were to 

correlate tumor histologic and CEA immunohisto-  

chemical features of the primary tumor with pre- 

operative serum CEA levels, as well as with serum 

CEA levels at the time of tumor recurrence in node  

positive colorectal cancer patients with low pre- 

operative CEA values. 

P A T I E N T S  A N D  M E T H O D S  

A group of 114 colon cancer patients treated in 

the Colorectal Service, Department  of Surgery, Me- 

morial Sloan-Kettering Cancer Center from 1986 

through 1990 were studied. These patients all had 

cancer that had spread to regional lymph nodes, 

had undergone  potentially curative operations, and 

had a preoperative serum CEA value of less than 

5.0 ng/ml.  

G r a d e  

The degree of differentiation of all invasive co- 

lorectal cancers are routinely categorized by our 

Department  of Pathology into one of three groups: 

well differentiated (Grade I), moderate ly  differ- 

entiated (Grade II), and poorly differentiated/an- 

aplastic (Grade l lI) .  

M o n o c l o n a l  A n t i - C E A  A n t i b o d y  

The monoclonal  anti-CEA antibody (catalogue 

no. 1199145) was commercia l ly  obtained from 

Boehringer  Mannhein Hybritech, Indianapolis,  In- 

diana. This monoclonal  ant ibody (MoAb) is the 

same MoAb used in our clinical chemistry labora- 

tory to determine serum CEA. 
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Controls 

The control used with each batch of sections was 
a well-differentiated colonic adenocarcinoma from 
a patient whose preoperative serum CEA level was 
249.0 ng/ml. Sections of colorectal cancer without 
the specific MoAb were used as a negative control. 

Immunohistochemistry 

For the immunohistochemical staining of CEA, 
formalin-fixed paraffin-embedded tissue was used. 
Four: to 6-urn-thick serial sections were cut from 
the primary tumor and lymph nodes and mounted 
on glass slides. 

The avidin-biotin-peroxidase complex tech- 
nique was used. The slides were incubated at 60 ~ C 
overnight. After deparaffinization with xylene and 
rehydration through graded alcohol, the sections 
were incubated in 3 percent hydrogen peroxide 
for five minutes to quench endogenous peroxidase 
activity. Tissue sections were processed with 0.05 
percent saponin solution (Sigma, St. Louis, MO) 
for 30 minutes at room temperature. The sections 
were then rinsed with phosphate-buffered saline 
(PBS). 

For reduction of nonspecific background stain- 
ing, all slides are placed in 1 percent bovine serum 
albumin/PBS, incubated with 1:20 normal horse 
serum for 30 minutes, and then incubated with 
routine anti-CEA MoAb. Preliminary studies had 
determined the optimum dilution and duration of 
the MoAb to be 1:3,000 with incubation at 4~ 
overnight. The specificity and accuracy of the im- 
munoreaction was checked by a negative control 
using sections incubated with nonimmune serum 
instead of anti-CEA antibody. Sections were again 
rinsed in PBS and were incubated with 5 percent 
bovine serum albumin/PBS BHAM6 horse anti- 
mouse immunoglobulin diluted (1:500) at room 
temperature for 30 minutes, respectively. Follow- 
ing the latter step, tissue sections were rinsed in 
PBS and immunostaining was developed by im- 
mersion in 0.06 percent 3,3'-diaminobenzidine tet- 
rahydrochloride solution dissolved in 0.5 percent 
Triton-X/PBS for two minutes. Sections were coun- 
terstained with modified Horris-hematoxylin 
-(Fisher) and 0.3 percent ammonia water and 
passed through graded alcohol and xylene to de- 
hydrate. Finally, the slides were coverslipped in 
balsam, then observed by conventional light 
microscopy. 

Scoring Methods for  

Immunohistochemical Staining Analysis 

Presence of reddish brown 3,3'-diaminobenzi- 
dine tetrahydrochloride precipitate was regarded 
as positive immunoreactivity. Sections showing no 
staining when compared with normal rabbit serum 
control were designated as negative. 

The following parameters were used to record 
the staining of CEA in each case: 

1. The pattern of CEA localization in tissue was 
classified based on the location of CEA, Four pat- 
terns were identified: 1) luminal or apical type, 
CEA is localized predominantly along the luminal 
surface of the cancer cells; 2) cytoplasmic type, 
CEA is localized in the cytoplasm; 3) both, CEA is 
localized in both luminal and cytoplasm pattern; 
and 4) stromal, CEA stained in the surrounding 
stroma as well as in the lumen and cytoplasm of 
cancer cells. 

2. Intensity of anti-CEA reaction staining of the 
tumor cells was graded from + to + + +  (+, weak; 
++, moderate; +++,  strong), according to the de- 
gree of brown pigment. 

3. A percentage of positive cells (<25 percent, 
25-50 percent, 50-75 percent, >75 percent) was 
assigned to score the distribution of cellular reac- 
tivity. 

Statistical Analysis 
Statistical analysis was carried out using Fisher's 

exact probability test. Probability values of <0.05 
were considered to be significant. 

RESULTS 

Relationship of Preoperative Serum CEA 

Level and Tumor Differentiation in Node- 
Positive Colorectal Patients 

By definition, the preoperative serum CEA of all 
patients involved in this study was below 5.0 ng/ 
ml. Table 1 tabulates these data. No relationship 
was found between tumor differentiation and the 
exact preoperative serum CEA level. 

Primary Tumor Tissue CEA 
Immunohistochemical Staining 

o f  114 cases of node-positive colorectal cancer 
patients, 109 cases (95.6 percent) were positive 
and 5 (4.4 percent) negative for tumor tissue CEA 
(Table 2). The pattern of cellular localization was 
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Table  1. 
Preoperative Serum CEA and Tumor Differentiation 
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No. of Differentiation Patients 
Preoperative Serum CEA Level 

0 0,1-1.0 1.1-3.0 3.1-5,0 

Well 8 (7.0)* 1 (5.6) 2 (9.1) 3 (6.3) 2 (7.7) 
Moderate 77 (67.6) 10 (55.5) 11 (50.0) 37 (77.1) 19 (73.1) 
Poor 29 (25.4) 7 (38.9) 9 (40.9) 8 (16.6) 5 (19.2) 

* Numbers in parentheses are percentage of value. 

Table  2. 
Correlation Between Preoperative CEA and Immunohistochemical Tumor CEA 

No. of 
Patients 

Preoperative CEA (ng/ml) 

0 0.1-1.0 1.1-3.0 3.1-5.0 
p* 

Tumor CEA 
Negative 5 (4.4)1- 3 (16.7) 
Positive 109 (95.6) 15 (83.3) 

Tumor CEA location 
Luminal 56 (51.3) 7 (46.7) 
Cytoplasmic 8 (7.4) 1 (6.6) 
Both 42 (38.5) 7 (46.7) 
Stroma 3 (2.8) 0 (0.0) 

Intensity of CEA 
Weak(+) 40 (36.7) 9 (60.0) 
Moderate(++) 50 (45.9) 5 (33.3) 
Strong(+++) 19 (17.4) 1 (6.7) 

Cells positive for CEA (%) 
<25 10 (9.2) 3 (20.0) 
25-50 10 (9.2) 1 (6.7) 
50-75 15 (13.8) 3 (20.0) 
>75 74 (67.8) 8 (53.3) 

0 (0.0) 1 (2.1) 1 (3.8) 
22 (100) 47 (97.9) 25 (96.2) =0.65 

11 (50.0) 25 (53.2) 13 (52.0) 
1 (4.5) 3 (6.4) 3 (12.0) 
9 (41.0) 18 (38,3) 8 (32.0) =0.984 
1 (4.5) 1 (2.1) 1 (4.0) 

11 (50.0) 10 (21.3) 10 (40.0) 
8 (36.4) 26 (55.3) 11 (44.0) =0.111 
3 (13.6) 11 (23.4) 4 (16.0) 

4 (18.2) 0 (0.0) 4 (16.0) 
3 (13.6) 2 (4.3) 3 (12.0) =0.023 
4 (18.2) 5 (10.6) 3 (12.0) 

11 (50.0) 40 (85.1) 15 (60.0) 

* P values refer to Fisher's exact probability test. 
t Number in parentheses are percentage of value. 

luminal (51.3 percent), both luminal and cyto- 
plasmic type (38.5 percent), cytoplasmic type (8.3 
percent), and the stromal type (2.7 percent). Stain- 
ing of cells was generally ubiquitous with two- 
thirds of cases having >75 percent cells positive 
for CEA. The intensity of the positive reaction for 
CEA was variable: weak stain, 40 cases (36.7 per- 
cent); moderate, 50 cases (45.9 percent); and 
strong, 19 cases (17.4 percent). 

Correlation o f  CEA Tissue  S ta in ing  and 
P r e o p e r a t i v e  CEA Level  

Of the five patients with negative CEA tumor cell 
staining, serum CEA levels for three patients was 0 
and for the other two cases 1.3 and 4.9 ng/ml. As 
seen in Table 2, no correlation could be estab- 
lished between tumor CEA pattern and serum CEA 
level. Sixty percent of the cases with 0 serum CEA 
exhibited only weak(+) CEA staining. As the serum 
CEA level rose, the intensity of tissue CEA in- 
creased. However, these findings were not signifi- 
cantly different. 

Correlation o f  CEA Ti s sue  S ta in ing  and 
Tumor D i f f e r e n t i a t i o n  

Table 3 shows the grade of tumor differentiation 
in relation to tumor CEA. Four of fiV e negative 
tumor CEA stainings were in poorly differentiated 
cases. Positive CEA staining was observed in 100 
percent of patients with well-differentiated tumor, 
98.7 percent with moderately differentiated tumor 
and 86.2 percent with poorly differentiated tumor. 
There was a statistically significant difference (P < 
O.05). 

In well-differentiated and moderately differen- 
tiated tumors, the luminal pattern was present in 
50.0 and 59.2 percent, respectively. For poorly 
differentiated tumors, the luminal pattern was ex- 
pressed in only 28.0 percent. In regard to the 
correlation between CEA intensity and tumor dif- 
ferentiation, stronger staining (++ and +++)  was 
found in the well-differentiated tumors than in the 
poorly differentiated tumor. Among 25 poorly dif- 
ferentiated tumors with positive staining, 6 cases 
(24 percent) had less than 25 percent of cells 
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Table 3. 
Correlation Between Tumor Differentiation and Tumor CEA 

No. of Tumor Differentiation p* 
Patients Well Moderate Poor 

Tumor CEA 
Negative 5 (4.4)1" 0 (0.0) 1 (1.3) 4 (13.8) =0.023 
Positive 109 (95.6) 8 (100.0) 76 (98.7) 25 (86.2) 

Tumor CEA location 
Luminal 56 (51.3) 4 (50.0) 45 (59.2) 7 (28.0) 
Cytoplasmic 8 (7.4) 1 (12.5) 5 (6.6) 2 (8.0) 
Both 42 (38.5) 3 (37.5) 25 (32.9) 14 (56.0) =0.073 
Stroma 3 (2:8) 0 (0.0) 1 (1.3) 2 (8.0) 

Intensity of CEA 
Weak(+) 40 (36.7) 2 (25.0) 28 (36.8) 10 (40.0) 
Moderate(++) 50 (45.9) 5 (62.5) 34 (44.7) 11 (44.0) =0,948 
Strong(+++) 19 (17.4) 1 (12.5) 14 (18,5) 4 (16.0) 

Cells positive for CEA (%) 
<25 11 (10.0) 0 (0.0) 5 (6.6) 6 (24.0) 
5-50 9 (8.3) 0 (0.0) 1 (9.2) 2 (8.0) =0.245 
50-75 15 (13.7) 2 (25.0) 10 (13.2) 3 (12.0) 
>75% 74 (67.9) 6 (75.0) 54 (71.0) 14 (56.0) 

* P values refer to Fisher's exact probability test. 
1- Number in parentheses are percentage of value. 

expressing CEA. None of these differences reached 
statistical significance. 

S e r u m  CEA at S u b s e q u e n t  R e c u r r e n c e  

In follow-up, 32 of the 114 patients have devel- 
oped evidence of recurrence or metastases All had 
CEA present on tissue staining. There was no cor- 

relation between recurrence and other parameters 

(tumor differentiation, tumor CEA location, and 
intensity). 

At recurrence, the serum CEA was greater than 

5.0 ng/ml in 14 (43.8 percent) (Table 4). Ninety 
percent of the recurrences with elevated CEA were 
in patients with metastatic disease, as opposed to 
local recurrences. Ten of 21 patients with hepatic 

metastases and four of seven patients with lung 
metastases had elevated serum CEA at recurrence. 
There was no correlation with the exact preopera- 

tive serum CEA, the intensity of the primary tissue 
CEA, or the location of such CEA and subsequent 

elevation at recurrence. 

DISCUSSION 

CEA is a product of columnar and goblet ceils in 
the normal colon as well as colonic cancer cells. It 
is expressed in normal colonic mucosa bordering 
the glandular lumen, in luminal secretions and in 
the tumor cell cytoplasm. 1~ 11 

Immunohistochemical staining using mono- 
clonal antibodies has been shown to be a sensitive 

method for demonstration of tissue CEA.  12q4 In the 

present study of 114 node-positive colorectal can- 
cer patients with low preoperative serum CEA lev- 
els, 109 cases (94 percent) are tumor tissue CEA 

positive, o f  these, 63.3 percent stained moderately 
or strongly positive. 

The lack of correlation between serum levels 
and tumor tissue CEA has been reported by other 
investigators.15 iv Page e t  aL 17 observed that in 37 

colorectal cancer patients serum CEA measure- 
ment had a sensitivity of only 41.9 percent as 

compared with 90.3 percent for the immunohisto- 
chemical staining. Cunningham e t  aL ~8 reported 

that 84.8 percent (13/17) of colorectal cancer pa- 
tients with the serum CEA level below 2.5 ng/ml 
showed CEA-positive tumor staining not different 
from 71.1 percent (27/38) patients with serum CEA 
value above 2.5ng/ml. Midiri e t  al. ~5 studied 57 

colorectal cancer patients in which 11 had positive 
tumor tissue CEA with normal serum CEA. 

Gold and Freedman 1~ noted the greater the tu- 
mor cell differentiation, the stronger the staining 
for tumor CEA. Similar findings have been de- 
scribed by others. Nakopoulou and Zinozi 14 con- 
firmed that more cases were positive and more 
strongly stained in well-differentiated carcinoma 
than in poorly differentiated carcinoma. Although 
we observed that 75 percent of well differentiated 
tumor showed moderate or strong CEA staining as 
compared with 60 percent of poorly differentiated 
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Table  4. 
Correlat ion Between Primary Tumor  and Serum CEA Level at Recurrence 
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Primary Tumor Number (%) 

CEA Level at Recurrence 

Elevated Normal 
Number (%) (>5.0 ng/ml) 

Number (%) 

p. 

Recurrence/metastases 
Preoperative Serum CEA 

0 
0.1-1.0 
1.1 -3.0 
3.1-5.0 

Differentiation 
Well 
Moderate 
Poor 

Tumor CEA location 
Luminal 
Cytoplasmic 
Both 
Stroma 

Intensity of CEA 
Weak(+) 
Moderate(++) 
Strong(+++) 

Cells positive for CEA (%) 
<25 
25-50 
50-75 
>75 

32 18 (56.3) 14 (43.8) 

6 (18.8) 4 (22.2) 2 (14.3) 
8 (25.0) 7 (38.9) 1 (7.1) =0.120 

11 (34.4) 5 (27.8) 6 (42.9) 
7 (21.8) 2 (11.1) 5 (35.7) 

3 (9.4) 0 (0.0) 3 (21.4) 
21 (65.6) 13 (72.2) 8 (57.1) =0.179 

8 (25.0) 5 (27.8) 3 (21.5) 

13 (40.6) 7 (38.9) 5 (42.9) 
2 (6.3) 1 (5.5) 1 (7.1) =0.784 

16 (50.0) 10 (55.6) 6 (42.9) 
1 (3.1) 0 (0.0) 1 (7.1) 

9 (28.1) 7 (38.9) 2 (14.3) 
17 (53.1) 9 (50.0) 8 (57.1) =0.253 

6 (18.8) 2 (11.1) 4 (28.6) 

2 (6.3) 1 (5.7) 1 (7.1) 
0 (0.0) 0 (0.0) 0 (0.0) =1.000 
2 (6.3) 1 (5.7) 1 (7.1) 

28 (87.4) 16 (88.8) 12 (85.8) 

* P value refer to Fisher's exact probability test. 

tumors,  these di f ferences  were  not statistically sig- 

nificant. However ,  four of  our five patients  who  

stained negat ively  for CEA had poor ly  differen- 

tiated cancer. This is in a g r e e m e n t  with the studies 
of Goslin e t  a l . ,  19 Denk  and col leagues,  2~ and 
Zamcheck.  21 

Several authors 22'z3 found that the pat tern of  tu- 

mor  tissue CEA localization inf luenced  preopera-  

tive se rum CEA level. In a s tudy of tissue CEA 
patterns, Hamada  e t  al .  22 repor ted  that in 23 cases 

with the se rum CEA level b e l o w  10 ng /ml ,  30.5 

percen t  were  the luminal  type and 4.4 pe rcen t  were  

stromal,  but  in 28 pat ients  with CEA values above 

10 ng/ml ,  3.6 pe rcen t  were  the luminal  type and 

42.9 pe rcen t  were  stromal.  Our  s tudy of low pre- 

operat ive se rum CEA pat ients  demons t r a t ed  lu- 

minal  distr ibution in 51 percent ,  c o m p a r e d  with 

stromal only  in 2.8 percent .  Our  data conf i rm this 
correlation. 

We were  part icularly in teres ted  in the correlat ion 
with preoperative t issue CEA as a predic tor  of 
e levated se rum CEA at recurrence .  Unfortunately,  
there was no correlat ion with the exact preopera-  

tive se rum CEA, the intensi ty of the pr imary  tissue 

CEA, or the pattern of localization of such CEA and 
subsequen t  se rum CEA elevat ion at recurrence.  

Most important ,  however ,  approx imate ly  one-third 

of patients  with poor ly  different iated as well  as 

modera te ly  differentiated pr imary  tumor  did have 

an elevated se rum CEA at recurrence.  

We conc lude  that serum CEA is a useful marker  

in the detect ion of recurrent  colorectal  cancer  de- 

spite normal  preopera t ive  values. 
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