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Abstract-Creatine kinase (CK-BB), neuron spec$c enolase (A’SE), ACTH, calcitonin. 
serotonin and gastrin releasing peptide (GRP) zc’cre measured in serum or plasma before and 
immediateb after initiation of treatment in patients with small cell lung cancer (SCC), Prethera- 
peutic elevated concentrations of CK-BB Lelere found in 82% of extensive disease patients and in 
50% of patients with local disease. NSE was raised in 72% with extensive disease ceT-sus 14% of 
patients with local disease. Calcitonin and ACTH resere raised in 27% and 28% ~ 7.espe&eb. in 
all patients without sign$cant difference between extensive and local disease patients. Serotonin 
was generally overall elevated in 10% and GRP in 7% but elevations were seen on!)’ in patients 
zlith extensive disease. Our of the four most frequently elevated substances at kast onp marker 
was elevated in 80% qf all the patients, including 9 1% in extenrive stage patient.< and 7 1% in 
limited stage patients. 

Frequent initial monitoring of the substances showed an increase in the concentr.ationb oj 
pretherapeutic elevated CK-BB and XSE on dnq’ 1 or 2 followed bq’ a sharp detreasr a’ithin 1 
week. These change.c were correlated to objective clinical response determined zifhin 48 week,. 

The results indicate that serum CK-BB and NSE are potential markers for SC’C at the time 
of diagnosis and that changer in the concentrations during the,Jirst course oj cytostatir therap) 
are promising a.5 biochemical tests for earlq’ detection of response to chemo~hera/y. 

INTRODUCTION 
PRODIJCTIOK of’ peptidc hormones is well docu- 
mented in small cell lung cancer (SCC). ‘The inci- 
dence of elevated concentrations in untreated pati- 
ents is about 30% for ACTH and ADH and about 
60% for calcitonin [ 11. .4 number of other peptidcs 
and amines were investigated, but significantly 
elevated concentrations were found in only a few 
cases [ 11. 

Rrcently it was dcmonstratcd in in uilro studies 
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that the ncuronal cnzymcs ncuron sprcific cnolasc 
(NSE) and crcatinc kinasc BB isocnzymc (CK-BB), 
and also thr pcptidc bombrsin or its mammalian 
counterpart gastrin releasing pcptidr (GRP) arc 
produced in almost all cell linrs from SCC [2-41. 
Thcsc findings have renewed the interest in cvaluat- 
ing thcsc substances for their clinical utility as tumor 
markers. 

In a number of stud& NSE has been found to be 
elevated in 6O-85% of untreatrd patirnts with 
highrr incidcnccs in patients with extcnsivc disease 
(ED) [5-111. In two studies CK-BB was fbund to 
be elrvatcd in about 40% of untreated ED patients 
[3, 121 while GRP has not been dcmonstratcd 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, Bispebjcrg Hospital, Copcn- 
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 disease patients. All 

patients received combination chemotherapy 
according to controlled trials, which in the study 
period consisted of four or five agents [ 141. Radio- 
therapy or surgery was not part ofthc initial therapy. 
X-Rays of the lungs were performed at lcast every 
4 weeks. 

All patients had blood sampling pcrformcd bcforc 
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 tcchniqucs 
as previously described: CK-BB by Urdal e/ al. 
[ 151, NSE by Paus and Risbcrg [ 161, calcitonin by 
Schifter [ 171, ACTH by Fengcr [ 181, scrotonin 
by Engbaek and Voldby [19] and GRP by Holst 
[20, 211. 

RESULTS 

Incidence of elevated levels 
The frequency of prethcrapeutic elevated concen- 

trations of CK-BB, NSE, ACTH, calcitonin and 

GRP arc presented in Table 1. CK-BB was clcvatcd 
in 82% of extensive discasc patients versus 50% of 
limited disease patients. NSE was increased in 72% 
of extcnsivc versus 14% of limited disease patients. 
ACTH and calcitonin were elcvatcd in 28% and 
27%, respectively, without significant diffcrcnccs 
between extensive and limited disease patients. 
Serotonin was elevated in 23% and GRP in 16% of 
extcnsivc disease patients. 

Concentrations of all the above mentioned sub- 
stances were markedly increased only in a few 
patients. Two patients had prctherapcutic lcvcls of 
CK-BB of 45 and 125 p.g/l, respectively, while the 
other 14 patients with clevatcd lcvcls had slightly 
increased concentrations ranging from 3.6 to 
7.6 kg/l. The normal upper rcfcrencc limit was 
3.5 kg/l. NSE was moderately increased with a 
median of 27, range 17-54 pg/l. The normal upper 
rcfcrence limit was 15 pg/l. The refcrencc range for 
calcitonin was 20-75 pmol/l. Increased concen- 
trations ranged from 78 to 240 with a median of 
99 pmol/l. Except for one patient with marked 
elevation (340 pmol/l) ACTH was only slightly 
increased above the normal upper rcfcrcnce 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 refcrencc limit of 250 nmol/l. 
Although the rcfcrcncc limits of GRP has not been 
exactly dcfincd only two patients had high conccn- 
trations of 36 and 90 pmol/l rcspcctivcly, while the 
remaining 26 patients had concentrations below 
10 pmol/l with a median of 5 ranging from 0 to 10. 

Tumor marker panel 
In 25 patients the prcthcrapcutic values of the 

four most frequently clevatcd substances wcrc 
cvaluatcd as a marker panel. CK-BB was the most 
frcqucntly elevated single marker (64%). NSE alone 
was clcvated in only one patient in whom CK-BB 
was not elevated. Including also calcitonin and 
ACTH sucessivcly, the incidcncc of at least one 
clcvatcd marker incrcascd to 72% and 80%, 
respectively. 

Frequent monitoring after initiation of treatment 
In 17 consecutive patients blood sampling was 

performed on days 0, 1, 4, 8, 12, 15, 2 1 and 28. 
For each of the four markers, CK-BB ( 12/ 17)) NSE 
(6/17), ACTH (5/17) and calcitonin (5/17) the 
course of the concentrations in patients with clcv- 
ated prethcrapcutic values arc prcscntcd as ratio of 
the initial values (Figs. l-4). Within days 1 and 2 
the concentrations of CK-BB and NSE increased to 
a median of 50% above the prctrcatment lcvcl 
(range 20-100’~ and lO-70%, rcspcctively), fol- 
lowed by a dccrcasc on days 4-8 to a median lcvcl 
of 40% of the prctrcatmcnt concentrations. In most 
cases the level remained at these low levels during 
the following period of 28 days. The changes in 
actual serum/plasma concentrations from one selcc- 
ted patient are 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. Frequenq of eleoated serum/plasma concentratiom of indiz’idual markers in 
untreatedpatients with small cell carcinoma 

Sumhrr ol’patirnts with raisrd Icv~ls 

‘l‘otal %, Extcrrsi\c % I,imitd % 

CK-HB lmi 64 WI1 82 ill4 50 

NSE 1012.5 10 n/11 72 2/l& 11 
AC:‘I‘H 913’ 28 3/13 23 ti/l!) 32 
<kdcitonirl 8/2!1 27 1/l? 3 1 1/16 2.i 

Srrotoniu 3/Y) 10 3/1:4 23 O/l6 0 

GRI’ 2128 7 2112 I6 O/l (i 0 

Ratio of pmtharapeutic values 

20 0 

1 

. 

. . 
CK-BB 

” = 12 ptt. 
LIE = 517 

within 1 week. For ACTH and calcitonin no signifi- 
cant elevation \vas observed initially and the sub- 
sequent decrcasc was less pronounced. The two 
patients with prctrratmcnt high concentrations of 
GRP demonstrated a constant dccrcasc to values 
below 10 pmol/l within 1 week. 

The course of the marker changes correlate to 
tumor regression. In 11 of the 12 patients with 
prctrcatmcnt elevation ofCK-BB a tumor remission 
of 50% or mot-r was sern within 8 weeks. In tight 
of thrsc 11 patirnts the concentrations of CK-BB 
initially incrcascd within 2 days followed by a 
decrcasc within the subsequent week. In two pati- 
rnts the concentration ofCK-BB dccrcascd without 
the dctcction of‘ an initial elevation and in one 
patient the concentrations rcrnained slightly clcv- 
atcd. 011~ patient showed the characteristic course 
without demonstrating objective remission accord- 
ing to \VHO criteria (‘Table 3). 1Vith regard to IXSE 
all six patients who had prcthcrapcutic clcvatcd 
1~~~~1s fi,llovvcd by an increase and subscqucnt fall 
wcrc’ rcspondcrs. 

Ratio of pretherapeutic values 

f 
NSE 
n=6 

DISCUSSION 
CK-BB has only been invcstigatcd as a possible 

tumor marker in SCC in two prior stud&. Com- 
pared to the study by Carncy e/ (11. [ 121 CK-BB is 
found in the present study to bc mot-c frcqucntly 
clcvatcd in untreated SCC patients, the incidcnccs 
being 82% versus 41% in extcnsi\c discasc patients 
and 50% versus 2% in patients with limited disrasc. 
Different assays and also the use of diffcrrnt rcfcr- 
rncc limits may contribute to some ofthc difhcrcnccs. 
The patient populations stem to bc comparable. 

The prethcrapcutic incidcncc of incrcascd ME 
in 72% of extensive discasc patients found in this 
study is not significantly difhcrcnt from thr inci- 
dences found by other investigators [ 5-111, who 
demonstrated elevated concentrations in ED pati- 
ents ranging fom 78% to 98%. On thr contrary, 
the incidcnccs of elevated NSE in limited disrasc 
patients were significantly higher in those studies 
ranging from 37% to 7 1% versus 14% in the prcscnt 
study. As a higher proportion of patients with 
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Ratio of pmthampeutic values 
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Fig. 3. Changes in plasma ACTH concentrations during@ cytostatic 
course in patients with SCC (median values -). 
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Fig. 4. Changes in serum calcitonin concentrations during,jirst q&static 
course in patients with XC (median ulaues -). 
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Fig. 5. Changes in serum/plasma concentrations of CK-.!W (m-e), 
NSL’ (A -A), ACTH (GO) and cafcifonin (A-A) in one 

patient after start ofchemotherap>‘for small cell lung cancer. 

limited disease arc rcprcscnted in our study the 
overall incidence of 40% for NSE is lower than 
previously demonstrated. 

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

The incidence ofelcvated serum calcitonin of27% 
is lower than previously found in an investigation of 
a similar population [ 11, but another assay has been 
applied in this study. In general, great variations 
in prcthcrapcutic values of calcitonin have been 
obscrvcd in scvcral studies [22] ranging from 25% 
to 76% [23, 241. 

ACTH has been demonstrated to bc elevated in 
about 30% ofpaticnts in scvcral investigations [22], 
which was also found in the present study. 

To our knowledge the prcscnt finding ofincreased 
scrotonin in 23% of the patients with extensive 
discasc has not been obscrvcd bcforc. 

The four most frequently elevated substances in 
this study wcrc also evaluated with regard to a 
marker panel. The incidcncc of at least 1 elevated 
marker increased from 64% using CK-BB alone to 
80% using CK-BB, NSE, CT and ACTH together 
(Table 2). An incidcncc of 91% was found in ED 
patients using CK-BB and NSE or all substances 
together. Previously, a frequency of at least one 
clcvatcd marker in a panel consisting of calcitonin, 
CEA and HCG-beta of 50% wcrc found [23], of 
78% using ACTH, calcitonin, PTH and HCG-beta 
[25] and an incidcncc of 84% using ACTH, ADH 
and calcitonin [22, 261. 

In previous studies the serum concentration of 
NSE has been shown to correlate to the clinical course 

of the disease. Thus, a decrease observed a few 
weeks after initiation of treatment was related to 
response and subsequent clcvation before or at the 

time of clinical rclapsc has been dcscribcd in the 
studies on NSE [5-l 11. Similar changes in serum 
concentrations of CK-BB rclatcd to the clinical 
course have been described [ 121. Also high values 
of NSE were found on day 3 during the first 3-day 
course of cytostatic infusion for SCC primarily in 

responding patients [lo]. 
In the prcscnt study changes in serum conccn- 

trations of CK-BB and NSE were dcmonstratcd to 
bc initial increases of the substances to about 100% 
on day 1 followed by a sharp decrcasc substantially 
below prctrcatmcnt levels within 1 week. These 
courses of the concentrations indicate a therapeutic 
cffcct with lysis of tumor cells. This explanation is 
supported by a demonstrated increase of srrum 
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Table 2. Incidence oj-at least one elevated substance in a markerpanel 

Suhstancc Ihitcd “/u 

CK-BB 16125 61 9/11 82 7114 .,(I 
CK-BB + NSE 17125 68 10/11 91 7/14 .io 
CKBB + NSE + C’l 18125 72 10111 91 8/14 5 i 
CKBB + NSE + C7‘ + AC’I‘H 20125 80 IO/l 1 91 IO/l 1 71 

Table 3. Pretherapeutic increase of‘ CK-BB versus response 

I + CR* 10.5 
2 + CR” 1 3 
:j _ PR 2 
,t + CR* 8 
5 + SC* 5.5 
0 _ SC 3.5 
i + CR 18+ 
I{ + PR* 6 
9 _ NE* 18+ 

10 + FR* $ 
II + CR* 18+ 
12 _ I’R* 11 
1 :i + I’R 1 
1,1 _ PR* 8 
I 5 + PR 2 
10 + 1’R II 
17 + I’RC 5 

*Initial incrcasc followed hy dccreasc ofCK-BB. 

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

cytic lcukcmia and Burkitt’s lymphoma rcspectivcly 
[27,28]. In a cast report initial increase ofhormonal 
substances from an APUDoma responding to thcr- 

spy has been dcscribcd [29]. Mcasurcmcnts of alfa- 
fetoprotein and HCG-beta during treatment of 

testicular cancer shows similar changes in rcspond- 
ing patients. 

It might bc a major advantage to have rcliablc 
tumor markers for small ccl1 lung cancer with 
rcspcct to an early detection of response to therapy 
cithcr as a prediction of prognosis and sclcction of 
treatment strategy for individual patients or as a 

tool for evaluation of the activity- of new cytostatic 
agents in phase II trials. 

Thus, the results of the prcscnt study indicate 
that serum CK-BB and NSE arc potential markers 

for small ccl1 lung cancer at the time of diagnosis. 
Changes in concentrations of the substances within 

1 week after initiation of trcatmcnt arc promising 
for the dcvclopment of biochemical tests for early 
dctcction of response to chemotherapy. Further 
investigations on this subject arc of considcrablc 
intcrcst. 
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