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Role of carcinoembryonic antigen in detection of
asymptomatic disseminated disease in colorectal carcinoma

I G FINLAY, C S McARDLE

Abstract

Fifty one patients were studied prospectively to evaluate
the role of sequential determinations of the carcino-
embryonic antigen concentration in the detection of
asymptomatic disseminated disease after curative re-
section for colorectal carcinoma. Computed tomography
of the liver was performed during the immediate post-
operative period in all patients. Serum concentrations
of the antigen were estimated at three month intervals
for a minimum of two years.
Computed tomography at the time of operation

detected occult hepatic metastases in 12 patients. Of the
remaining 39 patients, six developed local recurrence
alone, two developed disseminated disease in the absence
of hepatic metastases, and one developed hepatic disease
at 10 months, as detected by sequential computed
tomography. Of all 13 patients with asymptomatic hepa-
tic metastases, only eight developed an increase in serum
carcinoembryonic antigen concentrations before death.
The median interval between detection by computed
tomography and rise in antigen concentration was 7 5
months. The corresponding median interval from in-
crease in concentration to death was only 5-5 months.
Of the six patients who developed local recurrence alone,
only two had raised concentrations of the antigen.
These results suggest that increase in the serum

carcinoembryonic antigen concentration occurs late in
colorectal carcinoma.

Introduction

The role of carcinoembryonic antigen as a marker in the
management of colorectal carcinoma has recently been re-
viewed.' It was concluded that sequential assay of plasma
concentrations of the antigen was the best non-invasive tech-
nique available for the early detection of asymptomatic recur-
rence after apparently curative resection of colorectal carcinoma.
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Those observations were based on studies in which increased
conceptrations of the antigen occurred before clinical detection
of recurrent disseminated disease.2 -4
We reported that 290% of patients undergoing apparently

curative resection for colorectal carcinoma had occult hepatic
metastases which could be detected by computed tomography.5
The presence of these metastases accounted for 88% of deaths
within three years of surgery.6 The ability to detect occult
disseminated disease at the time of laparotomy provides a unique
opportunity to re-evaluate the role of sequential estimations of
carcinoembryonic antigen in the detection of asymptomatic
disseminated disease.

Patients and methods

We studied 51 consecutive patients surviving apparently curative
resection for colorectal carcinoma. Liver ultrasonography and
computed tomography were performed during the immediate post-
operative period in all patients. On the basis of these investigations
patients were considered to have a disease free liver or to have occult
hepatic metastases (hepatic metastases not detected by the surgeon).
The accuracy of the initial hepatic scans was confirmed by progressive
enlargement of lesions on sequential scans during follow up. This
procedure has been fully described.5

All patients were reviewed one month after operation and at three
month intervals thereafter for a minimum of 24 months (range 24-48
months) or until death. Blood was obtained for estimation of the
carcinoembryonic antigen value at each visit. These assays were per-
formed by a double antibody radioimmunoassay on unextracted
serum.7 The upper limit of normal (25 ,ug/l) was based on a study of
normal people previously undertaken at this hospital.

All patients underwent careful clinical and radiological follow up.
Sequential hepatic scanning was performed in those patients who had
had an initial positive or equivocal scan. In addition, sequential hepatic
scanning, barium enema examination, and sigmoidoscopy were per-
formed when clinically indicated and in all patients whose serum
concentration of carcinoembryonic antigen began to rise. All surviving
patients underwent routine hepatic scanning two years after surgery.
Of the 51 patients studied, 39 were considered to have a disease free

liver on the basis of hepatic scanning at the time of surgery. Thirty
of these patients remained clinically and radiologically free of disease
throughout the study. Six patients developed local recurrence alone,
one ofwhom died during follow up. Two patients developed dissemin-
ated disease in the absence of hepatic metastases. Both of these died
during follow up and necropsy confirmed absence of disease in the
liver. In one of the 39 patients considered to have a disease free liver
at the time of surgery hepatic metastases were detected by sequential
computed tomography at 10 months. This patient subsequently died
32 months after surgery.
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Occult hepatic metastases were detected at the time of surgery and
subsequently confirmed during follow up in 12 patients. Of these, 10
died and two developed clinically evident hepatic disease.

Results

Of the 30 patients who remained free of disease, 26 had normal
serum carcinoembryonic antigen concentrations throughout the follow
up period. Three of the remaining four patients developed a transient
rise in values. The fourth patient had a persistent modest rise in
antigen concentration and remained clinically and radiologically free
of disease at four years.
Only two of the six patients who developed local recurrence alone

had an increase in the antigen concentration. In one of these the
increase occurred before clinical and radiological detection of the
recurrent disease.
The two patients found to have disseminated disease in the absence

of hepatic metastases developed raised concentration of the antigen
at the time of clinical detection of recurrent disease. They died two
and three months respectively after the rise in values.
Of all 13 patients with hepatic metastases, only one had a raised

carcinoembryonic antigen concentration at the time of surgery.
A further seven patients developed raised values before death. In
these patients the median interval between detection by computed
tomography and the rise in antigen concentration was 7-5 months.
These patients predominantly had a rapidly rising value before death
(figure). The median interval from increase in antigen concentration
to death was only 5-5 months. No increase in antigen concentration
occurred in the remaining five patients, two of whom were still alive.
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Pattern of increase in carcinoembryonic antigen values in seven
patients with occult hepatic metastases. Final value in each case is
last estimation before death.

Discussion

There has been much optimism that sequential estimation of
the carcinoembryonic antigen concentration during the follow up
of patients who have undergone curative resection for colorectal
carcinoma might detect occult recurrent disease early enough for
successful treatment. Grossly raised concentrations ofthe antigen
occur in patients who have advanced hepatic, osseous, and
pulmonary metastases.8 Most of these patients with advanced
disseminated disease develop a rapid rise in values before death.9
Indeed, while there has been considerable debate about the role
of the antigen in the detection of local recurrence,10 11 its value in
the detection of disseminated disease has largely been accepted.12
We have reported the superiority of computed tomography

over estimation of the carcinoembryonic antigen in the detection
of occult hepatic metastases during the immediate postoperative
period.6 The present study shows that the median time advan-
tage gained by computed tomography over measuring the anti-
gen was 7-5 months. In a similar prospective study Sugarbaker

et al found a comparable mean interval from surgery to rise in
antigen value of 7 8 months.'3 In that study the subsequent
mean interval from rise in value until clinical recognition of
recurrent disease was only 3-4 months. Those workers concluded
that the rise in carcinoembryonic antigen concentration occurred
as a late phenomenon in the course of colorectal carcinoma.
Our observation that the median interval between the rise in
antigen concentration and death was only 5-5 months concurs
with the observation of Sugarbaker et al.

In our study five out of 13 patients with hepatic metastases
did not develop an increase in concentration of the antigen.
Two of these patients were still alive, however, so that this
figure may fall. Interestingly, MacKay et al observed no rise in
carcinoembryonic antigen concentrations in seven of 31 patients
with extensive hepatic metastases.'4 Only two of our six patients
with proved local recurrence alone developed a raised concentra-
tion. This observation was similar to that reported previously.'0 14
Computed tomography is probably of limited value in the

routine early detection of occult disseminated disease, since it is
expensive, time consuming, and has an unacceptably high false
positive rate. In our study however, used as a research tool, it
allowed us to evaluate the role of carcinoembryonic antigen
values in the detection of occult hepatic metastases.
These metastases were by definition not truly "occult,"

since they measured between 0 5 and 2-0 cm in diameter and had
therefore been present for a considerable time. In an attempt to
determine the development of hepatic metastases before detec-
tion by computed tomography rate of growth studies were under-
taken. These entailed constructing growth curves based on
sequential computed tomography of the metastases during the
observed phase of growth. Mathematical extrapolation of these
growth curves to an assumed one cell origin allows an estimation
of duration of growth before detection by computed tomo-
graphy. We have reported this to be a mean of three years."5
Since patients who have occult hepatic metastases as detected
by computed tomography at the time of surgery have a mean
survival of about two years, the overall life span of these metas-
tases appears to be roughly five years. By these criteria serum
concentrations of carcinoembryonic antigen become raised only
late in the disease process.
We conclude that determination of the carcinoembryonic

antigen concentration has not fulfilled its promise as a mode of
early detection of disseminated disease, and it is unlikely that
present modes of treatment instigated on the basis of a rise in
concentration will confer benefit to the patient.
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SHORT REPORTS

Agranulocytosis associated with
malaria prophylaxis with
Maloprim
Dapsone is an important drug in the treatment of leprosy and bullous
dermatoses, particularly dermatitis herpetiformis, and has been used
in prophylaxis against chloroquine resistant Plasmodium falciparum
malaria, usually combined with pyrimethamine. Side effects include
skin reactions and haematological disorders such as haemolytic
anaemia and methaemoglobinaemia.' Dapsone may also cause
agranulocytosis during treatment and when used in malaria prophy-
laxis,' where a mortality of 40% has been recorded.2 Pyrimethamine
does not appear to have been associated with agranulocytosis.
We report seven cases of agranulocytosis, with three deaths, in

persons taking Maloprim (dapsone 100 mg and pyrimethamine 12 5
mg) as prophylaxis against malaria in a dose of two tablets a week.

Case reports

Between January 1980 and December 1981 seven cases of agranulocytosis
occurred in people taking Maloprim or within days of stopping the drug (see
table). Two of the patients (cases 3 and 4) were brother and sister and all
except one (case 5), who had suffered a transient cerebral ischaemic attack
three years before and was taking salicylic acid daily, were otherwise well
and not taking any other drugs.

Full haematological data were not available in cases 2 and 3, as these
patients were admitted to hospital in Latin America and died four and three
days after admission. Case records showed that one of these patients (case 3)
had "agranulocytosis" and a bone marrow smear reported as showing
"severe depression." In neither case were bacterial cultures carried out
despite the patient in case 3 dying in "septic shock."
Three patients (cases 1, 5, and 7) were given adequate antibiotic treatment

according to in vitro testing of isolated bacteria. Case 4 was treated with
gentamicin and piperacillin intravenously. In cases 1, 4, and 7 the patients

were also given buffycoat transfusions. The antimicrobial chemotherapy in
the three patients who died (cases 2, 3, and 6) may not have been adequate,
since blood cultures were not obtained and isoxazolylpenicillin but no
aminoglycoside or modern broad spectrum penicillin or cephalosporin was
used.

Comment

Maloprim was the only factor that could be identified as causing the
agranulocytosis in these seven patients. Their symptoms developed
seven to nine weeks after beginning Maloprim, and the mortality
(three deaths) agrees with that reported for dapsone.2 We assume that
the agranulocytosis was due to the dapsone in Maloprim, as a weekly
dose of 175 mg reportedly causes agranulocytosis,2 and all seven of
these patients were taking 200 mg a week. In vitro data show a dose
dependent toxic effect on the granulopoiesis promoted by hydrogen
peroxide and mediated by a metabolite ofdapsone.5 The manufacturer's
recommended dose of one tablet of Maloprim a week does not appear
to have been associated with agranulocytosis; nevertheless, the low
dose of pyrimethamine per tablet and the short half life of dapsone
might suggest that two doses a week would be necessary for effective
prophyraxis.4
The incidence of agranulocytosis due to dapsone given as prophy-

laxis against malaria has been estimated as one in 50002; and according
to the Swedish National Board of Health and Wellfare there were
about 15 000 prescriptions for Maloprim during the period that these
patients became ill, yielding an incidence of about one in 2000.

Thrombocytopenia was not a feature of the drug reaction reported
here. One case of thrombocytopenia associated with a twice weekly
dose of Maloprim has, however, been reported to the Swedish
Adverse Drug Reactions Advisory Committee.
Maloprim given in a dose of one tablet twice a week may cause

agranulocytosis; the use of the lower dose of one tablet weekly or
alternative drugs is advocated in persons travelling to areas in which
chloroquine resistant P falciparum malaria is endemic.

Clinical and pathological data in patients suffering fromn Maloprim associated agranulocytosis

Haematological picture
on presentation

Duration
Case Sex and of Presenting Bacteriological White cell Bone marrow Outcome
No age Maloprim symptoms findings count Platelet Haemo-

treatment (x 109/1) count globin
(weeks) (') ( x 109/1) (g/l)

polymorphs)

1 M 64 8 Fever and boil on Staphylococcus aureus 0-1 (2) 68 120 Absence of granulocytes; Recovered after
neck in boil; blood erythroid series and 3 weeks

cultures sterile megakaryocytes normal
2 F 27 8 Sore throat, earache, None ? ? ? Numerous myeloblasts, Died 4 days

and fever arrest at promyelocyte after admission
stage; erythroid series to hospital in
and megakaryocytes Latin America
hyperactive

3 F 49 8 Sore throat and fever None ? ? ? "Severe depression" Died 3 days
after admission
to hospital in
Latin America

4 M 47 8 Sore throat and fever Blood cultures sterile 0-7 (0) 362 125 Absence of myelopoiesis; Recovered after
erythroid series and 3 weeks
megakaryocytes normal

5 M 74 8 Fever, jaundice, and Coliforms in blood 0-2 (0) 165 104 Absence of myelopoiesis; Recovered after
lymphadenopathy hypoplastic 3 weeks

erythropoiesis;
megakaryocytes normal

6 F 67 9 Sore throat and fever Throat culture, 0-3 (0) 118 98 Absence of myelopoiesis; Died after 4
normal flora hypoplastic days in hospital

erythropoiesis;
megakaryocytes
increased

7 F 32 7 Malaise, fever, and Staph aureuis in 0-3 (0-1) 300 120 Absence of myelopoiesis; Recovered after
pain in left blood erythroid series and 3 weeks
sternomastoid megakaryocytes normal


