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Abstract-The prognostic value of serial CEA tests was evaluated in 175 consecutive patients 
with progressive colorectal caruer who subsequently died of their disease. The upper normal plasma 
CEA limit was determined to be 8 &ml from serial CEA determinations in 31 patients radically 
operated on for colorectal caruer and observed in median 40 months without evidence of recurrence. 
A CEA value of >8 ngfml was highb suggestive of residual disease or recurrence, even when no 
clinical evidence was present. Approximately 90% of the patients dying from colorectal cancer 
showed an increase in CEA to >8 nglml during the course of the disease. In 63% of the patients 
CEA increase preceded clinical progression or relapse, with a median time period of 4 months. 
Sixty-eight per cent of the patients had rising CEA values over an extended time period of many 
months, 14% had a preterminal increase, 13% had constantly normal and 5% constantly 
elevated CEA. As 619 patients developed a drop in CEA in relation to initiation of chemotherapy 
without clinical response, it is concluded that CEA is not a reliable indicator of clinical response to 
chemotherapy. Patients with liver metastases had higher CEA and alkaline phosphatase levels than 
patients with only localized disease. However, no good statistical correlation between CEA and 
serum alkaline phosphatase was found in patients with liver metastases (coefficient of correlation r 
= 0.35). An increase in CEA from normal to above 8 nglml predicted a decrease in survival time 
of median 60% counted from the time of diagnosis. The numerical CEA value was predictive of 
shortening of survival only when greater than 3000 nglml. Such high values were observed only in 
a minority of the patients (12%). Greater than 1000 U/l (27% of the patients) alkaline 
phosphatase predicted an extremely poor prognosis, with a median survival of 1 month (range 
0.5-4 months). It is concluded that a rise in CEA to >8 ng/ml indicates with high degree of 
certain9 relapse or disease progression in colorectal cancer patients. CEA is not a reliable indicator 
of clinical response to chemotherapy, and an increase in the CEA level is of little prognostic value 
concerning survival. Alkaline phosphatase seems to be a more valuable predictor of a worsening of 
prognosis. 

INTRODUCTION 
CARCINOEMBRYONIC antigen (CEA) is an acid gly- 
coprotein first described in colonic cancer tissue by 
Gold and Freedman in 1965 [ 11. Subsequently, in 
1969 Thompson et al. showed that CEA could be 
measured in serum using a radioimmunoassay [2]. 
Since then plasma CEA has been the subject of 
numerous studies especially focusing on the prog- 
nostic value of the preoperative level and the value 
of postoperative follow-up in relation to recurrence 

[31* 
However, so far no studies have tried to evaluate 

the prognostic significance of a CEA increase dur- 
ing the course of the progressive disease with 
regard to survival. To elucidate the relationship 
between the level of plasma CEA and survival of 
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the patients, as well as the relation to alkaline 
phosphatase as an expression of liver metastases, 
we examined 206 consecutive patients with col- 
orectal carcinoma referred for either adjuvant or 
palliative chemotherapy and followed with serial 
CEA determinations. 

MATERIALS AND METHODS 
A total of 206 consecutive patients with histolo- 

gically proven colorectal cancer and no history of 
other malignant disease, who were referred for 
adjuvant or palliative chemotherapy, were sub- 
jected to this analysis. The patients were treated 
according to the following master chemotherapy 
protocols: (1) adjuvant treatment with methylcyc- 
lohexylchlorethylnitrosourea and 5-fluorouracil vs 
no treatment, or (2) palliative treatment of prog- 
ressive disease with 5-fluorouracil v furanidyl-5- 
fluorouracil (Ftorafur). 
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Physical examination including rectal and pelvic 
examinations, if applicable, were performed in 
relation to initiation of each treatment series. Plas- 
ma CEA, alkaline phosphatase, bilirubin, ami- 
noaspartate transferase, creatinine and complete 
blood count were performed at approximately 
every other month. Chest X-ray, liver scintigrams 
and/or abdominal ultrasound examination were 
performed every 2-3 months. Proctoscopy and 
barium enema were done when indicated. Plasma 
CEA was measured by the Abbott CEA-RIA assay 

[41. 
Retrospectively the records were examined for 

age, sex, primary tumor location, extent of disease 
at the time of referral, metastases, all pair values of 
CEA and alkaline phosphatase and their relation 
to the time of death and response to therapy 
according to the WHO criteria. In 58 patients with 
normal postoperative CEA values the reduction in 
survival from the time of CEA increase to abnor- 
mal values (>8 ng/ml) was assessed. If progression 
or relapse was detected, this was registered as well 
as autopsy results. Thirty-one patients still alive 
without evidence of disease and observed for a 
considerable period of time were analyzed to define 
an upper normal CEA limit in a colorectal cancer 
patient population. As 19% of these patients had 
one or more values between 5 and 8 ng/ml, even 
though multiple analyses showed a bimondal dis- 
tribution of CEA values with an upper 95% con- 
fidence limit (Fig. 1) of the normally used 5 ng/ml 
(defined from blood tests often from younger, 
healthy persons), we defined the upper normal 
value as 8 ng/ml in order to achieve a higher 
specificity, on account of a lower sensitivity using a 
more relevant reference population. The remaining 
175 patients who died from colorectal cancer were 
subjected to analysis of the prognostic significance 
with regard to survival of increase in CEA during 
the progressive disease. 

RESULTS 
Dejnition of upper normal CEA limit in a population of 
colorectal cancer patients 

Thirty-one radically operated patients alive and 
observed for a considerable period of time (median 
40 months, range: 20-72 months) without evidence 
of recurrence served to define the upper normal 
limit of CEA. The highest observed value among 
312 observations was 7.8 ng/ml. Thus the upper 
normal limit was defined as 8 ng/ml. The distribu- 
tion of the 3 12 CEA values is shown in Fig. 1. Most 
(95.2%) of the values were <5 ng/ml. Twelve 
patients (39%) had maximum values below 2.5 
ng/ml, 13 patients (42%) from 2.5 to 4.9 ng/ml and 
six patients (19%) from 5 to 7.8 ng/ml. Of six 

0 

CEA nglml 

Fig. 1. Distribution of 312 CEA values measured in 31 batients 
radicalb opcratcd on for colorectal caruer and observed for median 40 
months (20-72 months) without evidence of recurrence. Most 
(95.2%) of the values were <5 ng/ml. The highest value was 7.8 
nglml. Of thepatients 6131 (19%) had at least one value between 5 and 

8 ng/ml. 

patients living more than 5 yr without disease, two 
had CEA values between 5 and 8 ng/ml. 

Preterminal CEA and alkaline phosphatase levels 
Of the 175 patients who died from colorectal 

cancer, 115 had a CEA test taken within 2 months 
of death. Among these, 100 patients (87%) had 
values > 8 ng/ml and 15 patients (13%) had 
values below 8 ng/ml, among which eight patients 
(7%) had values C 5 ng/ml (Table 1). Fourteen 
patients (12%) had a CEA value > 3000 ng/ml. 
Parallel to this, 81 patients (70%) had an alkaline 
phosphatase value > 275 U/l (upper normal limit) 
and 34 patients (30%) normal values prior to 
death (Table 1). Thus CEA was more frequently 
abnormal during progressive colorectal cancer 
than alkaline phosphatase. 

CEA increase related to relapse or disease progression 
Of 75 patients with or developing recurrent 

evaluable disease, an increase in CEA from a stable 
level preceded clinical progression or relapse in 47 
(63%), with a median of 4 months (range l-23 
months). In only one case did the clinical progres- 
sion precede increase in CEA. In the remaining 27 
patients clinical progression was concomitant with 
increase in CEA. 

CEA patterns of variation 
Of the 115 patients with the last CEA value 

measured within 2 months of death, 97 had serial 
CEA determinations. Twelve of these (13%) had 
constantly normal CEA values during the course of 
the disease (Fig. 2). Five of the patients (5%) had a 
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Table 1. The distribution of plasma CEA and serum alkaline phosphatase values measured 
within 2 months of death in 115 patients who died from colorectal tamer 

CEA 

(ng/ml) 

No. of 
patients W) 

Akaline 
phosphatase (U/l) 

No. of 
patients (%) 

<5 8 (7) 
5-8 7 (6) <275 34 (30) 

8-19 11 (9.5) 275499 22 (19) 
20-99 25 (22) 500-999 28 (24) 
100-999 38 (33) ~1000 31 (27) 
51000 26 (22.5) 

Highest CEA: 145,445 ng/ml; highest alkaline phosphatase: 5070 U/l. 
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Fig. 2. Schematic representation of CEA pattern of variation during the 
progressive come of color&al cancer. 

constantly elevated value and 80 patients (82%) 
showed an increase, including 14 patients ( 14%) 
with a preterminal increase and 66 patients (68%) 
with a steady, more or less pronounced increase 
over many months. Minor fluctuations were fre- 
quently observed. Of the 85 patients with elevated 
CEA, 18 (21%) showed a preterminal drop, which 
in four patients might be related to initiation of 
chemotherapy, even though no objective response 
was detected. In the remaining 14 patients no 
explanation of this CEA decrease was obvious. 

CEA and response to treatment 
In 13 patients CEA decreased after starting 

treatment, including a normalization of CEA in 
three complete responders (two chemotherapy and 
one hemihepatectomy), a decrease in four partial 

responders (two surgery, one irradiation and one 
chemotherapy) and a decrease in six patients with 
no clinical demonstrable objective response to che- 
motherapy. 

CEA and alkaline phosphatase in relation to liuer 
metastases 

Patients with surgically verified liver metastases 
had at the time of referral to chemotherapy signi- 
ficantly higher CEA values (x2 = 19.38, P < 0.001) 
than patients without liver metastases (Table 2). 
Of the 68 patients who presented with liver metas- 
tases, 12 (18%) had a normal alkaline phosphatase 
value (<275 U/l) and 31 (45%) a value 2 500 U/l. 
In patients who died with liver metastases the 
fraction of patients with very high CEA values was 
even more pronounced (Table 3). 

Among the 9 1 patients presenting with or known 
to develop liver metastases during the course of the 
disease no good correlation between CEA and 
alkaline phosphatase (coefficient of correlation: r = 
0.35) was demonstrated by regression analysis of 
448 CEA-alkaline phosphatase pair values. 

Increase in CEA and alkaline phosphatase as prognostic 
factors of survival 

In 58 patients who postoperatively had a normal 
CEA value and subsequently developed increase in 
CEA to >8 ng/ml, survival was significantly re- 
duced by a median of 60% at the time of CEA 
increase (from median 23 months to median 9 
months; log rank analysis: x2 = 33.59, P <O.OOl). 

The numerical value of CEA, however, was a 
poor prognostic indicator. Seventy-nine patients 
who showed an increase from one of the following 
CEA categories: <8, 8-19, 20-49, 50-99, 100-299, 
300-499, 500-999, 1000-2999, 23000, were analy- 
zed for survival from the time of increase in CEA 
from one category to another. As no statistically 
significant difference was found between the cate- 
gories 20-2999 a repeat analysis was performed 
with the following categories: 8-19, 20-2999 and 
33000. There was no statistically significant differ- 
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Table 2. CEA values in relation to the presence of liver m&stases at the time of referral to 
chemotherapy in 156 patients with colonctal cancer who subsequently died from the disease 

Liver metastases Other metastatic Local disease 
disease only* 

CEA No. of No. of No. of (%) 
(nglml) patients (%) patients (%) patients 

<8 8 (12) 17 (42.5) 22 (46) 

8-19 10 (15) 8 (20) 10 (21) 
20-99 13 (19) 8 (29) 9 (19) 
100-999 23 (34) 6 (15) 7 (14) 
~1000 14 (20) 1 (2.5) 

*Normal liver at surgery or normal liver scan and/or ultrasound of the liver together with a 
normal serum alkaline phosphatase. 

Table 3. The distribution of CEA and alkaline phosphatase values measured within 2 
months of death in 70 patients with liver metastases who died from colorectal cancer 

Alkaline 
CEA No. of phosphatase No. of 

(ngjml) patients W) W/l) patients W) 

c8 4 (6) <275 5 (7) 

8-19 6 (9) 275-499 8 (11) 
20-99 14 (20) 506-999 25 (36) 
100-999 24 (34) SlOOO 32 (46) 
a1000 22 (31) 
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Fig. 3. Survival aaalysb coaccming the prognostic signajicaace of thq numerical CEA value. The swvival measuredfrom the time of 
innease in CEA was signtficantly reduud when CEA increasedfrom a value below to a value 2 3000 nglml (log rank analysis: 
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ence between category 8-19 and category 20-2999, 
but category 33000 had a significantly reduced 
survival (50% reduction of median survival) com- 
pared to the two other categories (log rank analysis 
of category 20-2999 against category 33000: x2 = 
8.10, P CO.005; Fig. 3). 

Parallel to this, alkaline phosphatase was tested 
as a prognostic indicator. No significant difference 
was found between category 275-499 and category 
500-999. However, the median survival was re- 
duced by 60% when the alkaline phosphatase 
value increased to 2 1000 U/l (log rank analysis of 
category 500-999 against category 2 1000: x2 = 
13.13, P <O.OOl; Fig. 4). 
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Fig. 4. Survival analysis concerning the prognostic sign$cauce of the 
numerical alkalinephosphatase value. The survival measuredfrom the time 
of increase in alkaline phosphatase was sign@cantly reduced when alkaliue 
phosphatase increasedfrom a value below to a value 2 1000 U/l (log rank 

analysis: x2 = 13.13, P <O.OOl). 

DISCUSSION 
The most commonly used upper normal plasma 

CEA level has been 2.5 or 5 ng/ml, determined 
from examination of normal control subjects [3]. 
On the other hand, in a population of colorectal 
cancer patients who have been radically treated, 
we found that an upper level of 8 ng/ml will secure 
a false-positive rate close to 0. Therefore a value 
>8 ng/ml is highly suggestive of residual or recur- 
rent disease. 

As the majority of the patients had a rise in CEA 
preceding detectable clinical progression or recurr- 
ence by several months, we find that an increase in 
CEA is a reliable predictor of progression or re- 
currence, especially when part of a steadily rising 
trend, as pointed out by Steele et al. [5]. This 
conclusion is in accordance with most other reports 
[6-191; however, Moertel et al. did not agree with 
this [20]. 

Two patterns of CEA changes have been de- 
scribed in patients with progressive colorectal can- 
cer: a fast and a slow rise [ 12, 2 11. We observed a 
more varied pattern (Fig. 2). Two-thirds of the 
patients had a progressive rise over months where- 
as 7% had a pronounced terminal increase. The 
slope of the CEA-time curve was not predictive of 
survival. A rather large proportion of the patients 
(21%) had an unexplained preterminal drop in 
CEA, a phenomenon also observed by Ravry et al. 

P21. 
In several studies response to treatment has been 

followed by a decrease in CEA. This is most 
commonly reported in patients undergoing tumor 
resection. A drop in CEA concomitant with tumor 
regression induced by chemotherapy [22-261 and 
by irradiation [27] has also been reported. In our 
study all three patients responding to chemother- 
apy had a decrease in CEA; however, an additional 
six patients developed a decrease in CEA without 
an objective tumor response. The same was 
observed by Shani et al. [28]. It is concluded that a 
drop in CEA as a response to initiation of che- 
motherapy is not a reliable indicator of a clinical 
response. 

The appearance of liver metastases in colorectal 
cancer is a frequent complication tantamount to an 
incurable condition. A significant elevation in 
serum alkaline phosphatase is almost invariably 
associated with liver metastatic disease in colorec- 
tal cancer provided that bone metastases and 
extrahepatic bile stasis are excluded. 

Patients with liver metastases had significantly 
higher CEA values than patients with localized 
disease only or metastatic disease elsewhere. This 
has also been shown in other studies [6, 23, 29-311. 
Despite this, we found no simple linear correlation 
between CEA and alkaline phosphatase levels, a 
fact also described by others [6, 321. The rate of 
normal values for patients dying with liver metas- 
tases was the same for CEA and alkaline phospha- 
tase (6 and 7% respectively). 

Because of a great variation in individual CEA 
production and in change in production in relation 
to tumor growth, we found. that not until CEA 
increased to >3000 ng/ml did it predict a signi- 
ficant reduction in survival. When serum alkaline 
phosphatase increased to > 1000 U/l it was a more 
reliable and valuable predictor of a worsening of 
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prognosis than CEA as the range in survival was 
more narrow and as more patients developed this 
high value. 

However, an increase in serum alkaline phos- 
phatase to >lOOO U/l tends to happen later in the 
course of the disease than an increase in CEA to 
>3000 ng/ml. 

In summary, it is concluded that a rise in CEA 
to X3 ng/ml does warn of relapse or disease 
progression in colorectal cancer patients. However, 
in the individual patient the given numerical CEA 

value and the change in the CEA level during the 
clinical course of the disease is so variable that it is 
not a reliable indicator of response to chemother- 
apy and is of little prognostic value with regard to 
survival. 
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