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For some malignant diseases biologic markers can
serve as tools in diagnosis and also to monitor the
effect of treatment. Biologic markers can also be
useful as prognostic parameters (SUGARBAKER et
coll. 1982). In order to demonstrate the possible
diagnostic and prognostic value 4 different biologic
markers were analysed in patients with bronchogen-
ic carcinoma. Carcinoembryonic antigen (CEA) has
been thoroughly investigated as a marker for malig-
nant diseases including bronchogenic carcinoma.
However, its prognostic value for this disease has
been questioned (CONCANNON et coll. 1974, VIN-
CENT et coll. 1975). For tissue polypeptide antigen
(TPA), elevated levels were found in patients with
bronchogenic carcinoma (MENENDEZ-BOTET et coll.
1978). Placental alkaline phosphatase (PLAP, Regan
isoenzyme) was first demonstrated in a patient with
bronchogenic carcinoma (FISHMAN et coll. 1968).
An increased excretion of pseudouridine, which is a
degradation product of transfer-ribonucleic acid (t-
RNA), has also been demonstrated in urine from
patients with bronchogenic carcinoma (WAALKES et
coll. 1975). In small cell carcinoma of the lung ele-
vated levels of modified nucleosides have been cor-
related to poor prognosis (WAALKES et coll. 1982).

The aim of this investigation was to evaluate the 4
mentioned biologic markers with regard to their di-
agnostic value and their usefulness in control and
treatment of patients in different clinical stages.
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Material and Methods

Reference material. A reference group of 80
healthy adults was chosen with even distribution
according to sex in 4 different age groups, 15-30,
3145, 45-60 and above 60 years.

Clinical material. Sixty-two patients (57 men, 5
women) with primary bronchogenic carcinoma were
chosen among those admitted to the Oncologic de-
partment at the University hospital. The patients
were primarily examined at the departments for pul-
monary diseases in the region, and operable patients
were excluded. The diagnoses were based upon his-
tologic examination in 43 cases, and in 19 upon
cytologic examination. The median age at admission
was 67 years, varying from 42 to 83 years. Nine
patients had previous surgical intervention with ex-
ploration, lobectomy or pulmectomy. Subdivided in
histologic types, 36 patients had squamous cell car-
cinoma, 13 patients had undifferentiated carcinoma
of small cell type (oat cell), 8 had adenocarcinoma, 4
large cell anaplastic carcinoma and one had a pul-
monary blastoma.

Samples of serum and urine were collected with
an interval of 1 to 3 months and sampling within 2
weeks after cytostatic therapy was avoided. From
55 of the patients specimens could be collected be-
fore treatment was initiated. A total of 170 samples
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Table 1

Biologic markers in normal adults

Marker n Mean Median Frequency of Per Reference Units Body fluid

elevated cent level,

levels literature data
CEA 80 - - 3/80 4 2.5 ng/l Plasma
TPA 70 86 62 570 7 180* ui Serum
PLAP 79 0.05 0.03 2/79 3 0.2%* pmol/min x | Serum
Pseudo- 80 23.5 21 3/80 4 35% nmol/umol of Urine

uridine creatinine
* Own results.
Table 2

Frequency of samples with elevated levels of biologic markers before treatment

Clinical stage CEA TPA PLAP Pseudouridine

n Per n Per n Per n Per

cent cent cent cent
1 0/1 - 0/1 - 0/1 - 0/1 -
2 14/39 36 9/32 28 4/36 11 S/37 14
3 8/13 62 3/10 30 1/14 7 4/13 31
Total 22/53 42 12/43 28 5/51 10 9/51 18
Reference group 4 7 3 4

were collected, giving an average of 2.7 samples per
patient (range 1-10). At each observation the pa-
tients were examined and allocated into 3 different
clinical stages, depending upon the extension of the
disease: (1) no evidence of disease, (2) loco-regional
disease and (3) generalized disease with infiltration
of the pleura, the contralateral lung or with distant
metastases.

From the stored samples the analyses of CEA
were performed with commercial kits from Hoff-
mann-La Roche (HANSEN et coll. 1974, HAAGEN-
SEN et coll. 1978). Determination of TPA was per-
formed with a radioimmunoassay with reagents pur-
chased from Sangtec Medical Co. (Bromma, Swe-
den). The method is described by WIKLUND et coll.
(1979). The level of PLAP was determined with an
enzymatic reaction and quantified by spectrophoto-
metry at 505 nm at pH 9.8 as described by STIG-
BRAND et coll. (1983).

In order to determine the concentration of pseu-
douridine, the urine samples were divided into 2
aliquots and the amount of creatinine was analysed
immediately according to the Technicon procedure.

The rest of the urine was stored at —80°C until
processed. The analysis of pseudouridine was per-
formed according to GEHRKE et coll. (1978) and
Kuo et coll. (1978). After initial purification on a
boronate column the eluate was separated using
high performance liquid chromatography (HPLC).
The quantification was based upon UV-absorbance
at 254 and 280 nm.

The level of pseudouridine was then correlated to
the level of creatinine in the sample.

The statistical analysis of differences in survival
was performed with the Mann-Whitney test (DAN-
IEL 1978).

Results

Reference material. Table 1 shows the levels of
CEA, TPA, PLAP and pseudouridine from 80
healthy adults. The frequency of samples with ele-
vated values for CEA was 3/80 which is in accord-
ance with literature data, and these 3 individuals
were all above 60 years of age (HANSEN et coll.
1974). For TPA 21 per cent of the healthy individu-
als had levels above 90 U/l, which is the reference
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Actuarial survival for 22 patients with elevated (@), and 31
with ordinary levels (O) of CEA before treatment (upper graph)

level according to literature data (BJORKLUND
1980). For this reason a higher limit of 180 U/l was
chosen as reference in this investigation. With this
elevated limit still 7 per cent of the individuals had
clevated values. The reference levels of PLAP in
serum and pseudouridine in urine were based upon
the present material and set to 0.2 umol/min X liter,
and 35 nmol/umol of creatinine, respectively. For
PLAP and pseudouridine no variation with age
group could be found.

Clinical material. Table 2 demonstrates data ob-
tained from patients before radiation therapy or cy-
tostatic treatment was initiated. There was no in-
creased frequency of elevated values observed for
TPA and PLAP with more advanced disease. For
CEA the frequency of elevated values increased
parallel to the clinical stage and the same tendency
was demonstrated for pseudouridine. Taking all
clinical stages together 42 per cent of the CEA

and for 9 patients with elevated (@), and 42 with ordinary levels
(O) of pseudouridine before treatment (lower graph).

samples and 18 per cent of the pseudouridine sam-
ples had elevated levels.

Table 3 demonstrates the total amount of samples
analysed, i.e. also samples taken after treatment.
The same qualitative and quantitative results were
obtained as with samples taken only before treat-
ment (cf. Table 2). Monitoring the levels of the
different biologic markers for individual patients did
not demonstrate any significant decrease of the lev-
el. Thus it can be concluded that the treatment does
not have any greater influence on the frequency of
elevated levels of these markers.

The results are based upon samples from patients
with different histologic types of bronchogenic car-
cinoma. When the samples are subdivided into dif-
ferent histologic diagnoses, the results for TPA and
PLAP were the same independent of the histologic
type of tumor. For CEA, on the other hand, there is
a higher proportion of elevated values seen in pa-
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Table 3

Frequency of samples with elevated levels of biologic markers before and after treatment

Clinical CEA TPA PLAP Pseudouridine
stage
n Per n Per n Per n Per

cent cent cent cent
1 3/22 14 6/17 35 320 15 1/21 5
2 28/102 27 26/81 32 14/96 14 14/93 15
3 22/44 S0 11/35 31 1/41 2 9/40 22
Total 53/168 32 43/133 32 18/157 11 24/154 16

Table 4

Survival data (months) for patients with bronchogenic carcinoma and their levels of biologic
markers before treatment

Marker Number of  Survival Patients
patients still alive
Mean Median ‘Min-max
CEA
Ordinary level 31 13.7 9 241 4
Elevated level 22 6.2 5 1-25 1
TPA
Ordinary level 31 10.7 7 2-41 4
Elevated level 12 5.7 .5 1-12 -
PLAP
Ordinary level 46 10.5 7.5 1-42 S
Elevated level S 12.6 7 3-25 -
Pseudouridine
Ordinary level 42 11.6 8.5 1-42 4
Elevated level 9 3.8 3 2-7 -

Differences in median survival for CEA (p=0.002) and for pseudouridine (p=0.001).

tients with adenocarcinoma (57 %, 13/23) than with
other types (28%, 40/145). Pseudouridine is more
often elevated in patients with small cell carcinoma
(24%, 10/41) compared with the other diagnoses
(12%, 14/113).

During the observation time 56 of the patients
died due to bronchogenic carcinoma. The surviving
6 patients were observed for 17 to 41 months after
admission with a mean observation time of 25
months. With this outcome it was possible to deter-
mine the prognostic value of the marker. As seen
from the Figure, patients with elevated levels of
CEA and pseudouridine before treatment had a
shorter life expectancy than ‘patients with normal
levels of these markers. The observed survival was
less than half if the level of CEA or pseudouridine

was elevated (Table 4). For TPA and PLAP no such
correlation could be found (Table 4). No difference
existed in age or type of tumors in the compared
groups.

Discussion

Four tumor markers—CEA, TPA, PLAP and
pseudouridine—were evaluated as diagnostic as

~well as prognostic tools for patients with broncho-

genic carcinoma. Only patients not suitable for op-
eration were included in this investigation. About 60
per cent of the patients had squamous cell carcino-
ma, and 20 per cent had small cell carcinoma. The
frequency of elevated values for CEA was 42 per
cent and showed a positive correlation to clinical
stage (Tables 2, 3). Also pseudouridine had a posi-
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tive correlation with clinical stage, but only 18 per
cent of the patients had elevated levels. The other 2
markers, TPA and PLAP did not increase with clini-
cal stage, indicating their limited value as biologic
marker for this disease (Tables 2, 3). All 4 tumor
markers had limited diagnostic value, since either
the frequency of elevated values was low (TPA,
PLAP, pseudouridine), or the marker is also elevat-
ed in patients with other malignancies (CEA; HAN-
SEN et coll.). However, CEA and pseudouridine had
a significant prognostic value (Table 4, Figure).

Only 32 per cent of the patients had elevated
values of TPA using 180 U/l as reference. This is
much lower than the reported 80 to 90 per cent
(MENENDEZ-BOTET et coll.,, BJIORKLUND 1980).
However, these authors used 90 U/l as reference
based on their reference material. Using the lower
reference of 90 U/l in the present material, 73 per
cent of the patients would get elevated levels of
TPA before treatment. Such a low reference value
would lead to an unreasonable frequency of 21 per
cent elevated values of TPA among healthy adults,
and consequently the higher reference value was
chosen. Except for the reference value, the present
results are in agreement with data published from
patients with bronchogenic carcinoma (MENENDEZ-
BOTET et coll., BIORKLUND). Irrespective of which
of the 2 reference values that is used the results
show that TPA has limited value as tumor marker
for this disease, since it does not reflect the tumor
burden (Tables 2, 3).

PLAP was first recognized in a patient with bron-
chogenic carcinoma of squamous cell type (FISH-
MAN et coll. 1968). More extended investigations
showed that PLLAP could be demonstrated only in 14
per cent of the patients with bronchogenic carcino-
ma (NATHANSON & FISHMAN 1971). The results of
the present investigation are in agreement with that
report, and confirm its limited value as marker for
bronchogenic carcinoma.

The frequency of elevated values of both CEA
and pseudouridine increased with clinical stage.
However, for pseudouridine only 31 per cent of the
patients had elevated levels in stage 3. This is in
agreement with results from WAALKES et coll.
(1975) and the frequency is too low to make it useful
in clinical routine. For CEA the frequency of elevat-
ed values was as high as 62 per cent in clinical stage
3. Previous investigations concerning the prognostic
value of CEA in bronchogenic carcinoma were con-
tradictory. CONCANNON et coll. (1974) could not

demonstrate any prognostic value, although VIN-
CENT et coll. later were able to do so. The latter is in
agreement with the present results (Figure, Table 4)
which also strengthens the NIH consensus state-
ment that the level of CEA is of prognostic value
(NIH 1981).

For malignant lymphoma, RASMUSON & BIORK
(1983) were unable to demonstrate any prognostic
value for pseudouridine, but that investigation was
based on a limited material. No previous evaluation
of pseudouridine as prognostic factor for broncho-
genic carcinoma has to our knowledge been present-
ed. However, for small cell carcinoma of the lung,
WAALKES et coll. (1982) found that the urinary ex-
cretion of several modified nucleosides was in-
creased. A composite score for 5 modified nucleo-
sides, including pseudouridine was of prognostic
value. Although the present clinical material is dif-
ferent from theirs, the results clearly indicate that an
elevated level of pseudouridine is correlated to
shorter survival. Since the analyses of pseudouri-
dine and CEA are fast, relatively simple and not
costly, they could be included in the clinical prac-
tice, i.e. as a tool to evaluate the prognosis for
patients with bronchogenic carcinoma. This was
also suggested by WAALKES et coll. (1982).

SUMMARY

From 62 patients with bronchogenic carcinoma, car-
cinoembryonic antigen (CEA), tissue polypeptide antigen
(TPA), placental alkaline phosphatase (PLAP) in serum
and pseudouridine, a modified nucleoside, were analysed
in urine. About 60 per cent of the patients had squamous
cell carciroma, and 20 per cent had small cell carcinoma.
The patients were allocated into 3 different clinical stages
based upon tumor burden, and the markers were analysed
before treatment and thereafter. TPA and PLAP had limit-
ed value as biologic markers. For both CEA and pseu-
douridine the frequency of elevated values increased par-
allel to clinical stage. Elevated levels of these 2 markers
were also correlated to shorter survival.
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