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Abstract—Creatine kinase (CK-BB), neuron specific enolase (NSE), ACTH, calcitonin,
serotonin and gastrin releasing peptide (GRP) were measured in serum or plasma before and
immediately after initiation of treatment in patients with small cell lung cancer (SCC). Prethera-
peutic elevated concentrations of CK-BB were found in 82% of extensive disease patients and in
50% of patients with local disease. NSE was raised in 72% wiih extensive disease versus 14% of
patients with local disease. Calcitonin and ACTH were raised in 27% and 28%, respectively, in
all patients without significant difference between extensive and local disease patients. Serotonin
was generally overall elevated in 10% and GRP in 7% but elevations were seen only in patients
with extensive disease. Out of the four most frequently elevated subslances at least one marker
was elevated in 80% of all the patients, including 91 % in extensive stage patients and 71% in
limited stage patients.

Frequent initial monitoring of the substances showed an increase in the concentrations of
pretherapeutic elevated CK-BB and NSE on day | or 2 followed by a sharp decrease within |
week. These changes were correlated to objective clinical response determined within 4-8 weeks.

The results indicate that serum CK-BB and NSE are potential markers for SCC at the time
of diagnosis and that changes in the concentrations during the first course of cytostatic therapy
are promising as biochemical tests for early detection of response to chemotherapy.

INTRODUCTION

Probuction of peptide hormones i1s well docu-
mented in small cell lung cancer (SCC). The inci-
dence of clevated concentrations in untreated pati-
ents is about 30% for ACTH and ADH and about
60% for calcitonin [1]. A number of other peptides
and amines were investigated, but significantly
clevated concentrations were found in only a few
cases [1].

Recently 1t was demonstrated in in zitro studies
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that the neuronal enzymes ncuron specific cnolase
(NSE) and creatine kinase BB isocnzyme (CK-BB),
and also the peptide bombesin or its mammalian
counterpart gastrin releasing peptide (GRP) are
produced in almost all cell lines from SCC [2-4].
Thesce findings have renewed the interest in evaluat-
ing these substances for their clinical utility as tumor
markers.

In a number of studies NSE has been found to be
clevated in 60-85% of untrecated paticnts with
higher incidences in patients with extensive discase
(ED) [5-11]. In two studics CK-BB was found to
be clevated in about 40% of untreated ED patients
(3, 12] while GRP has not been demonstrated in
blood specimens in a significant number of patients

[13].
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The aim of the present study was to investigate
the potential markers at the time of diagnosis and
to evaluate changes in concentrations of these sub-
stances after initiation of chemotherapy for SCC.

PATIENTS AND METHODS

The investigation included 32 consecutive pati-
ents with confirmed SCC (WHO II), who accepted
participation after admission to the department of
Internal Medicine C, Bispebjerg Hospital, Copen-
hagen from September 1983 to June 1984.

All patients underwent routine investigations for
staging of the disease, including physical examin-
ation, chest X-ray, bronchoscopy, biopsy of the
liver, bilateral bone marrow biopsy with aspiration
and histo- or cytologic examination of other sus-
pected lesions. Patients with lesions including only
one lung, mediastinum and supraclavicular lymph
nodes were defined as having limited disease. Pati-
ents with documented disease outside these regions
were classified as extensive discase patients. All
patients received combination chemotherapy
according to controlled trials, which in the study
period consisted of four or five agents [14]. Radio-
therapy or surgery was not part of the initial therapy.
X-Rays of the lungs were performed at least every
4 weeks.

All patients had blood sampling performed before
start of treatment. In 17 patients sampling was
repeated on days 1, 2, 4, 8, 12, 15, 21 and 28.
Concentrations of CK-BB, NSE, calcitonin and
serotonin were measured in serum samples, ACTH
and GRP in plasma samples. The test tubes were
immediately placed on ice and centrifuged within
1 h and plasma or serum were kept frozen at —20°C
until the analyses were performed. All substances
were measured by radioimmunoassay techniques
as previously described: CK-BB by Urdal et al.
[15], NSE by Paus and Risberg [16], calcitonin by
Schifter [17], ACTH by Fenger [18], scrotonin
by Engback and Voldby [19] and GRP by Holst
[20, 21].

RESULTS

Incidence of elevated levels

The frequency of pretherapeutic clevated concen-
trations of CK-BB, NSE, ACTH, calcitonin and
GRP are presented in Table 1. CK-BB was clevated
in 82% of extensive discasc patients versus 50% of
limited diseasc patients. NSE was increased in 72%
of extensive versus 14% of limited disease patients.
ACTH and calcitonin were clevated in 28% and
27%, respectively, without significant differences
between extensive and limited diseasc patients.
Serotonin was clevated in 23% and GRP in 16% of
extensive disease patients.

Concentrations of all the above mentioned sub-
stances werc markedly increased only in a few
patients. Two patients had pretherapeutic levels of
CK-BB of 45 and 125 ug/l, respectively, while the
other 14 patients with clevated levels had slightly
incrcased concentrations ranging from 3.6 to
7.6 wg/l. The normal upper reference limit was
3.5 pg/l. NSE was moderatcly incrcased with a
median of 27, range 17-54 pg/l. The normal upper
reference limit was 15 pg/l. The reference range for
calcitonin was 20-75 pmol/l. Incrcased concen-
trations ranged from 78 to 240 with a median of
99 pmol/l. Except for onc patient with marked
clevation (340 pmol/l) ACTH was only slightly
increased above the normal upper reference limit of
36 pmol/l. Scrotonin was markedly increased above
the upper limit of 1800 nmol/l in three of 13 pati-
ents. Another three patients had concentrations
below the lower reference limit of 250 nmol/L.
Although the reference limits of GRP has not been
exactly defined only two patients had high concen-
trations of 36 and 90 pmol/l respectively, while the
remaining 26 paticnts had concentrations below
10 pmol/l with a median of 5 ranging from 0 to 10.

Tumor marker panel

In 25 patients the pretherapeutic valuces of the
four most frequently clevated substances were
evaluated as a marker pancl. CK-BB was the most
frequently clevated single marker (64% ). NSE alone
was clevated in only one patient in whom CK-BB
was not clevated. Including also calcitonin and
ACTH sucessively, the incidence of at lecast onc
clevated marker increased to 72% and 80%,
respectively.

Frequent monitoring afler initiation of treatment

In 17 consccutive patients blood sampling was
performed on days 0, 1, 4, 8, 12, 15, 21 and 28.
For cach of the four markers, CK-BB (12/17), NSE
(6/17), ACTH (5/17) and calcitonin (5/17) the
coursc of the concentrations in patients with clev-
ated pretherapcutic values are presented as ratio of
the initial values (Figs. 1-4). Within days 1 and 2
the concentrations of CK-BB and NSE increased to
a median of 50% above the pretrecatment level
(range 20-100% and 10-70%, respectively), fol-
lowed by a decrease on days 4-8 to a median level
of 40% of the pretreatment concentrations. In most
cases the level remained at thesc low levels during
the following period of 28 days. The changes in
actual serum/plasma concentrations from one selec-
ted patient arc shown in Fig. 5.

Three of five patients with initial normal concen-
trations of CK-BB and 1 of 11 with initial normal
concentration of NSE showed similar changes with
an increase above upper limit followed by a decrease
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Table 1. Frequency of elevated serum/plasma concentrations of individual markers in
untreated patients with small cell carcinoma

Number of patients with raised levels

Substance

Total % Extensive % Limited %
CK-BB 16/25 64 9/11 82 7/14 50
NSE 10/25 40 8/11 72 2/14 14
ACTH 9/32 28 3/13 23 6/19 32
Calcitonin 8/29 27 4/13 31 4/16 25
Serotonin 3/29 10 3/13 23 0/16 0
GRP 2/28 7 2/12 16 0/16 0
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Fig. 1. Changes in serum CK-BB concentrations during first cytostatic 2 4 8 12 186 20 24 28days

course in patients with SCC (median values

N

within 1 week. For ACTH and calcitonin no signifi-
cant elevation was obscrved initially and the sub-
sequent decrease was less pronounced. The two
patients with pretreatment high concentrations of
GRP demonstrated a constant decrease to valucs
below 10 pmol/l within 1 weck.

The course of the marker changes correlate to
tumor regression. In 11 of the 12 paticats with
pretreatment elevation of CK-BB a tumor remission
of 50% or morc was scen within 8 weceks. In cight
of these 11 patients the concentrations of CK-BB
mitially increased within 2 days followed by a
decreasc within the subsequent week. In two pati-
ents the concentration of CK-BB decreased without
the detecuon of an inmitial clevation and in one
patient the concentrations remained slightly clev-
ated. One patient showed the characteristic course
without demonstrating objective remission accord-
ing to WHO criteria (Tabie 3). With regard to NSE
all six patients who had pretherapeutic clevated
levels followed by an increase and subsequent fall
were responders.

Fig. 2. Changes in serum NSE concentrations during first cylostatic course
in patients with SCC (median values ——).

DISCUSSION

CK-BB has only been investigated as a possible
tumor marker in SCC in two prior studies. Com-
pared to the study by Carncy e al. [12] CK-BB is
found in the present study to be more frequently
clevated in untreated SCC patients, the ncidences
being 82% versus 41 % in extensive discase patients
and 50% versus 2% in patients with limited discasc.
Different assays and also the use of different refer-
ence limits may contribute to some of the differences.
The patient populations secem to be comparable.

The pretherapeutic incidence of increased NSE
in 72% of extensive discase patients found in this
study is not significantly different from the inci-
dences found by other investigators [5-11], who
demonstrated clevated concentrations in ED pat-
ents ranging fom 78% to 98%. On the contrary,
the incidences of elevated NSE in limited discase
paticnts were significantly higher in those studies
ranging from 37% to 71% versus 14% in the present
study. As a higher proportion of patients with
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Fig. 3. Changes in plasma ACTH concentrations during first cytostatic
course in patients with SCC (median values ).
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Fig. 4. Changes in serum calcitonin concentrations during first cytostatic
course in patients with SCC (median viaues ).
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Fig. 5. Changes in serum/plasma concentrations of CK-BB (e—e),
NSE (A A), ACTH (O0—C) and calcitonin (A—A) in one
patient after start of chemotherapy for small cell lung cancer.

limited discase are represented in our study the
overall incidence of 40% for NSE is lower than
previously demonstrated.

Interestingly enough, GRP was found to be clev-
ated in only two of 28 paticnts. This substance is in
in vitro investigations produced in the majority of
SCC cell lines and also in tumor tissue samples
(4, 13]. In the latter study none of five patients with
known high amounts of GRP in tumor tissue had
detectable concentrations in plasma. The reason for
this may be due to a very fast degradation of the
GRP peptide in peripheral blood.

Theincidence of elevated serum calcitonin of 27%
is lower than previously found in an investigation of
a similar population [1], but another assay has been
applicd in this study. In general, great variations
in pretherapeutic values of calcitonin have been
obscrved in several studies [22] ranging from 25%
to 76% [23, 24].

ACTH has been demonstrated to be clevated in
about 30% of paticnts in scveral investigations [22],
which was also found in the present study.

To our knowledge the present finding of increased
scrotonin in 23% of the patients with extensive
discasc has not been observed before.

The four most frequently clevated substances in
this study were also cvaluated with regard to a
marker pancl. The incidence of at least 1 elevated
marker increased from 64% using CK-BB alone to
80% using CK-BB, NSE, CT and ACTH togcther
(Table 2). An incidence of 91% was found in ED
patients using CK-BB and NSE or all substances
together. Previously, a frequency of at least onc
clevated marker in a pancl consisting of calcitonin,
CEA and HCG-beta of 50% were found [23], of
78% using ACTH, calcitonin, PTH and HCG-bcta
[25] and an incidence of 84% using ACTH, ADH
and calcitonin [22, 26].

In previous studies the serum concentration of
NSE has been shown to correlate to the clinical course
of the diseasc. Thus, a decrcase observed a few
weeks after initiation of trecatment was related to
response and subsequent clevation before or at the
time of clinical relapse has been described in the
studics on NSE [5-11]. Similar changes in serum
concentrations of CK-BB rclated to the clinical
coursc have been described [12]. Also high values
of NSE werce found on day 3 during the first 3-day
course of cytostatic infusion for SCC primarily in
responding patients [10].

In the present study changes in scrum concen-
trations of CK-BB and NSE were demonstrated to
be initial increases of the substances to about 100%
on day 1 followed by a sharp decrcasc substantially
below pretreatment levels within 1 week. These
courses of the concentrations indicate a therapeutic
cffect with lysis of tumor cells. This explanation is
supported by a demonstrated increase of serum
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Table 2. Incidence of at least one elevated substance in a marker panel

Number of patients with raised levels

Substance Total % Extensive % Limited %o
CK-BB 16/25 64 9/11 82 7/14 50
CK-BB + NSLE 17/25 68 10/11 91 7/14 50
CKBB + NSE + CT 18/25 72 10/11 91 8/14 57
CKBB + NSE + CT + ACTH 20/25 80 10/11 91 10/14 71

Table 3. Pretherapeutic increase of CK-BB versus response

Patient Duration
No. CK-BB  Response in months
1 + CR* 10.5
2 + CR* 13
3 - PR 2
4 + CR* 8
5 + NC* 5.5
6 - NC 5.5
7 + CR 18+
8 + PR* 6
9 - NLE* 18+
10 + PR* 4
1t + CR* 18+
12 - PR* 11
13 + PR 4
14 - PR* 8
15 + PR 2
16 + PR 11
17 + PR* 5

*Initial increase followed by decrease of CK-BB.

phosphate and potassium within 1 or 2 days after
administration of chemotherapy to acute lympho-

cytic leukemia and Burkitt’s lymphoma respectively
[27,28]. In a case report initial increase of hormonal
substances from an APUDoma responding to ther-
apy has been described [29]. Mcasurements of alfa-
fetoprotein and HCG-beta during trcatment of
testicular cancer shows similar changes in respond-
ing patients.

It might bc a major advantage to have rcliable
tumor markers for small ccll lung cancer with
respect to an carly detection of response to therapy
cither as a prediction of prognosis and selection of
treatment stratcgy for individual patients or as a
tool for cvaluation of the activity of new cytostatic
agents in phase IT trials.

Thus, the results of the present study indicate
that serum CK-BB and NSE are potential markers
for small cell lung cancer at the time of diagnosis.
Changes in concentrations of the substances within
I week after initiation of treatment arc promising
for the development of biochemical tests for early
detection of response to chemotherapy. Further
investigations on this subject are of considerable
interest.
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