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Metastatic Breast Cancer with Constantly Low CEA Blood Levels

A Subgroup with Unfaverable Prognosis?
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Summary. The capability of breast cancer to secrete
CEA might have biological significance. In 105 pa-
tients with metastatic breast cancer serial CEA deter-
minations and clinical follow-up data were available
during progression of disease up to death. In this
series, 39 patients (37%) had constantly low CEA
levels (<10 ng/ml), whereas 66 patients (63%)
showed CEA values exceeding 10 ng/ml with pro-
gression. The patients with low CEA levels had signifi-
cantly shorter median survival times (P=0.001) after
mastectomy (39 versus 65 months) and after recur-
rence (18 versus 28 months) than the patients with
high CEA levels. This difference was due first to a
poor-risk group of 13 patients with rapidly dissemi-
nating tumors, very short survival (< 12 months), and
low CEA levels. Secondly, there were more patients
with pulmonary involvement and unfavorable prog-
nosis and fewer patients with osseous metastases and
long survival in the low-CEA group.

In conclusion, there might be a subtype of breast
cancer with rapid progression and low CEA secretion.
This clinical observation has to be confirmed by histo-
logical grading and CEA staining of these tumors.
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Introduction

CEA blood levels might have prognostic significance
in metastatic breast cancer (mbc). It has been reported
that high CEA levels predict unfavorable prognosis
and poor response to chemotherapy (Tormey and
Waalkes 1978; Bezwoda et al. 1981). However, CEA
levels are positively correlated with more advanced
disease, with large tumor burden, and probably with
liver involvement (Tormey et al. 1977), and no further
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investigation was conducted as to whether the CEA
value was an independent prognostic variable.

The present longitudinal study allows another ap-
proach to the prognostic implications of low and high
CEA levels in mbc. Since CEA values were con-
tinuously monitored during progression of disease un-
til death the patients could be divided into a group
with constantly low CEA levels (<10ng/ml) and a
group of patients reaching high CEA levels (> 10 ng/
ml) during disease. Then the two groups were com-
pared with regard to prognostic factors, response to
chemotherapy, and survival after mastectomy and after
recurrence. Furthermore, the clinical data were analyzed
to find out whether the patients with constantly low
CEA levels died with low tumor burden involving un-
favorable sites or whether there was a subgroup of pa-
tients having large tumor burden with low secretory
capability for CEA.

Patients and Methods
Patients

A nonselected series of 157 patients with metastatic breast cancer
(mbc) scheduled to be treated with chemotherapy at the Department
of Oncology, Goettingen University Hospital, entered this study
from 1 April 1979 to 31 June 1981. The cut-off date for the observa-
tion period was 1 April 1984. Seven patients were lost to follow-up.
Of the remaining 150 patients, 106 died during the observation pe-
riod and their data were evaluated for this study. These patients met
the following criteria:

Inoperable, recurrent, or metastatic carcinoma of the breast;
Clinical examinations and CEA determinations 1- to 3-monthly dur-
ing follow-up until death; Sufficient data available on treatment of
the primary tumor (mastectomy) and subsequent clinical course.

The following data were recorded on entry to the study accord-
ing to the definitions of the EORTC (Rozencweig and Heuson 1975):
age, menopausal status, disease-free interval, number of previous
therapies, number of involved sites, dominant site of lesions, per-
formance status. If possible, the histology and the lymph node status
at mastectomy and the hormone receptor status of primary or sec-
ondary lesions were recorded. Estrogen receptor values > 10 fmol/
mg cytosol protein and/or progesterone receptor values > 20 fmol/
mg were classified as receptor-positive.
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Clinical Examination and Therapy

Clincial work-ups at the beginning of the study and during follow-up
included history, physical examination, measurement of palpable tu-
mors, photographs of visible lesions, x-ray of chest and skeleton, iso-
topic skeleton and liver scintigrams, ultrasonic examination of the
liver and the abdomen and if necessary computed tomography of the
brain, chest, or abdomen; routine blood chemistry included a SMAC
24 program, complete blood counts, and CEA.

All patients were treated according to fixed therapy protocols.
Treatment regimes used were predominantly the CMF or the VAC
combination and tamoxifen for hormone therapy.

Definition of progression of disease, no change, and partial or
complete remission was done according to the recommendations of
the UICC (Hayward et al. 1977).

CEA Levels and Prognosis

Serial CEA values up to at least 3 months before death were available
for all patients, and for 73 patients (70%) the last CEA determina-
tion was performed within 4 weeks before death. Therefore, it was
possible to form a group of patients reaching CEA levels = 10 ng/ml
during disease progression (high-CEA group) and a group with low
CEA levels (low-CEA group) who probably never had CEA values
> 10ng/ml during metastatic disease. This limit was chosen because
previous investigations had shown that CEA levels >10ng/m did
not fluctuate and were reliably disease-related. Both groups were
then compared with regard to prognostic factors, survival times, and
response to therapy.

CEA Levels and Metastatic Involvement

Some patients with constantly low CEA levels persisting up to their
death might have died with low tumor burden involving unfavorable
sites, e.g., the CNS, or they might have died of non-disease-related:
causes. Others might have a subtype of mbc with low capability to
secrete CEA. To segregate these possibilities the meatastatic involve-
ment during disease and the causes of death were analyzed. For the
latter, hospital files (30% of cases), autopsy records (15%) and inter-
views with family doctors (70%) were evaluated, using the following
definitions: death from disseminated breast cancer without further
specification; death from metastatic organ involvement including
bone metastases (bone marrow failure, hypercalcemia), abdominal
metastases (obstruction by tumor mass, hepatic failure), thoracic in-
volvement (respiratory insufficiency) or CNS involvement (coma);
causes that were not directly disease-related were therapy-induced
death, infection, and suicide.

The metastatic involvement was classified according to its clini-
cal significance as predominant or not predominant. A few small fe-
sions not impairing organ functions and the condition of the patient
or preterminal metastases not influencing the clinical course of dis-
case were defined as not predominant. Then the patients were
grouped according to the predominant organ sites using the follow-
ing definitions:

Bone and liver involvement

Intra-abdominal or intra-abdominal with intrathoracic or intra-ab-
dominal with soft tissue metastases

Bone or bone with thorax or bone with brain or bone with soft tis-
sue

Thorax or thorax with soft tissue or thorax with brain

More than two predominant sites

Others

CEA Assay

The carcinoembryonic antigen in the serum was determined with a
solid-phase ELISA, as described in detail elsewhere (Bandlow et al.
1978). The coefficients of interassay variations when testing patient
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sera with various CEA levels were below 5%. Sera of 300 healthy fe-
male subjects varying in age and smoking habits were used as con-
trols. In this control group the mean CEA value and standard devi-
ation were 2.6 ng/ml +0.4.

Statistical Methods

The uncensored survival times were compared by the U-test of Wil-
coxon, Mann, and Witney. Response rates were compared using the
standard chi-square test.

Results
Follow-up of CEA Levels

The 105 patients with mbc were clinically and bio-
chemically followed for a median period of 25 months
(range: 3-54) and a median of 13 CEA determinations
(3-54) were performed in each patient before death.

In all but 18 patients, the CEA values rose with
progressive disease, reaching the highest level at death.
The 18 patients with an unusual pattern of CEA
values included 9 who always had CEA values <3 ng/
ml with no terminal rise; 3 patients dying in remission
of therapy-related organ failure (all 3 belonged to the
high-CEA group); 2 patients with isolated cerebral re-
lapse (1 in the low and 1 in the high-CEA group); 3 pa-
tients with a preterminal drop in CEA values induced
by cytotoxic chemotherapy; and 1 patient with stable
disease for whom the cause of death was unknown.

Of the patients evaluated, 39 (37%) had constantly
low CEA levels never reaching 10 ng/ml, and 66
(63%) had CEA values =10 ng/ml during follow-up.
The two patient groups were compared with reference
to prognostic factors, response to chemotherapy, and
survival.

CEA Levels and Prognostic Factors

When the two groups were compared for prognostic
factors on entry to the study there was no difference
between the two groups in median age (59 years),
menopausal status, number of involved sites, per-
formance status, or number of previous therapies. The
median disease-free interval was significantly (P=
0.01) shorter in the low-CEA group than in the high-
CEA group (11 versus 28 months). More patients with
constantly low CEA levels had soft tissue metastases
(21% versus 11%), and more patients reaching high
CEA levels had osseous metastases (43% versus 24%)
on entry to the study. Histological type, lymph node
involvement, and receptor status were not different in
the two CEA groups. However, these data were not
available for all patients. On mastectomy 76% of pa-
tients were found to have invasive ductal carcinoma
and 6%, other types of breast carcinoma. In 18% of
patients no histological type was recorded. Lymph
node status was positive in 56% of patients and nega-
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Table 1. Distribution of survival times after recurrence in patients with constantly low CEA levels and in

patients reaching high CEA levels during disease

Total 0-12months  13-24 months 25-36 months

All cases n 105 14 33
% 100 13 31
CEA <10ng/mi n 39 13 12
% 100 33 31
CEA = 10ng/ml n 66 1 21
% 100 2 32

> 36 months
29 29
28 28
9 5
23 13
20 24
30 36

Table 2. Metastatic pattern of patients with high (+) and low (—) CEA levels during disease grouped according to survival times® after

recurrence
Survival Liver and Abdomen; Bone; Thorax; >2 Others Total
time bone abdomen and thorax; bone and thorax; thorax and soft Predominant (3]
(months) abdomen and soft bone and brain; tissue; sites
tissue bone and soft tissue  thorax and brain
13-24 6+ /0— I+/2—~ 5+/3— 0+/4— 442~ 2% 1% 33
1**4
25-36 8+/0— 24+/1— 6+/4— 14+/3—~ 24 /1 1* +/0— 29
>36 5+/0— 341~ 124+/2— 24/2— 24+ /0— 0 +/0— 29
Total (n) 19 12 32 12 11 5 91

*  Patients with survival times <12 months (1+; 13—) are described in the text

* Death during remission
** Tsolated cerebral relapse

tive in 21%, and in 23% the lymph node status were
unknown at mastectomy. Hormone receptor status
were only available for 57% of patients: 33% positive
and 24% negative.

CEA Levels and Response to Therapy

When the response rates to chemotherapy in the two
groups were compared, the patients with high CEA
levels responded slightly better to the first chemother-
apy, and distinctly better to the second trial, than the
patients with low CEA values (first trial: 33% re-
mission, 32% no change, 35% progression, n= 66 ver-
sus 30%, 17% and 53%, n=39; second trial: 14% re-
mission, 28% no change and 58% progression, n=36
versus 5%, 5% and 90%, n=26). However, these dif-
ferences were not statistically significant.

CEA Levels and Prognosis

The median survival of the 66 patients reaching CEA
levels = 10 ng/ml was 65 months (range: 11-234) after
mastectomy and 28 months (11-98) after first recur-
rence. The 39 patients with constantly low CEA had
a median survival of 39 months (4-93) after mastec-
tomy and of 18 months (3-64) after recurrence. The
difference was highly significant (P=0.001).

As shown in Table 1, the shorter median survival
of patients with low CEA levels during disease was

due first to a subgroup of patients with very short sur-
vival (<12 months) in the low-CEA group, and se-
condly to some patients with high CEA levels and very
long survival (> 36 months).

CEA Levels and Metastatic Involvement

The patients in the subgroup with very short survival
were difficult to allocate to the given categories of pre-
dominant metastatic involvement. Therefore they
were considered separately. Only one of these patients
had high CEA levels. This was a 59-year-old patient
with clinically diagnosed soft tissue, bone, and tho-
racic involvement, who died of mitomycin-induced
lung fibrosis (confirmed by autopsy). All the 13 re-
maining patients with low CEA levels died of dissemi-
nated breast cancer; all had at least two, and nine at
least three, involved sites at recurrence. Ten had intra-
abdominal metastases and four, cerebral involvement
during disease. These data suggested the presence of a
group of patients with rapidly progressive and wide-
spread breast cancer dying with an evidently large tu-
mor burden but without reaching high CEA levels un-
til death. Five to these patients had no terminal rise of
CEA, and eight had a preterminal increase of CEA up
to values between 3.1 and 8.5 ng/ml.

When patients with survival times > 12 months
were analyzed, two further difference responsible for
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the poorer prognosis of patients with low CEA levels
during disease were identified. As shown in Table 2,
comparatively more patients with low CEA levels had
thoracic involvement and short survival, whereas dis-~
tinctly more patients in the high-CEA group had bone
metastases and long suvival. All patients with exten-
sive bone and liver involvement were in the high-CEA
group and had survival times comparable to those of
the entire group when the patients with very short sur-
vival were excluded.

Discussion

CEA blood levels in metastatic breast cancer depend
on several factors, such as the ability of tumor cells to
secrete CEA, the tumor mass, the metastatic pattern
and host factors, which have not yet been precisely de-
fined (Tormey et al. 1977). Therefore the causes of
the shorter median survival of patients with constantly
low CEA levels were probably complex and heteroge-
neous. However, analysis of the clinical data revealed
two main differences between the low- and the high-
CEA group, which could explain the shorter median
survival of patients with low CEA levels during dis-
ease.

One difference was the higher proportion of pa-
tients with lung involvement and poor prognosis and
the lower proportion of patients with bone metastases
and long survival in the low-CEA group. An obvious
explanation would be that patients with lung involve-
ment died with a smaller tumor burden, which caused
vital dysfunction when infiltrating the lungs, but was
tolerated when infiltrating the bones. However, it has
been suggested that tumors secreting large amounts of
CEA might preferentially home to bones and liver
(Tormey et al. 1977).

The second difference was the presence of a sub-
group with very poor prognosis among the patients
with low CEA levels. This group included patients
with very short survival, widespread metastatic dis-
ease, and evidently large tumor mass.

Some of these patients might have rapidly pro-
liferating undifferentiated cancers, which secrete only
low amounts of CEA. In vitro studies on colon carci-
noma cells showed that the production and secretion
of CEA was cell-cycle-dependent. Exponentially
growing cells secreted lower amounts of CEA than tu-
mor cells in the stationary and G1 phase (Drewinko
and Yang 1980). Furthermore, the CEA content of tu-
mor cells was usually higher, with a more highly differ-
entiated tumor type in colon cancer (Denk et al.
1972).

A similar correlation was found in primary breast
cancer at mastectomy (Walker 1980), but was not con-
firmed by others (Wahren et al. 1978). When the his-
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tochemical CEA status of lymph node metastases at
mastectomy was correlated with prognosis in patients
with breast cancer it was found that patients with
CEA-negative lymph node metastases had the poorest
prognosis (time to relapse), which was not improved
by adjuvant chemotherapy (Smith et al. 1982). Pa-
tients with strongly CEA-positive lymph nodes had
the best prognosis, followed by patients with weakly
positive staining who benefited from adjuvant chemo-
therapy. However, there was no correlation between
CEA status and histological grading in this study.
Further investigations, which correlated histological
grading, CEA status, and prognosis in more advanced
breast cancer have not been published.

In conclusion, the clinical data presented suggest
that there might be a biological subgroup of rapidly
disseminating breast cancers with diminished CEA se-
cretion. However, this interpretation has to be con-
firmed by clinicopathological studies, which correlate
the clinical data with histological grading and CEA
staining in autopsy material from metastatic breast
cancer.
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