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Abstract-The clinical value of the three serum biomarkers neuron specific enolase (NSE), 
carcinoembryonic antigen (CEA) and lactate dehydrogenase (LDH) were evaluated prospectively 
in 86 patients with small cell lung cancer (SCLC) entered into randomized clinical trials. The 
patients were monitored clinically very closely and biomarkers were measured before each course 
of chemotherapy. The correlation between disease extent and biomarker was sign$cant for both 
NSE (PP: 0.001) and LDH (2P: 0.05). Of th ose two biomarkers NSE was the most sensitive 
and was raised in 75% of all patients at diagnosis, in 67% of patients with limited disease, and 
in 86% of patients zeith extensive disease. All patients with three or more sites involved presented 
raised serum NSE levels but there was no signtficant correlation between deJinite number or specifc 
sites known to have metastatic disease. There was a tendency towards a higher serum CEA level 
in extensive disease than in local disease. Only half the patients with metastatic disease had 
elevated (>5.0 nglml) levels of CEA, and values above 50.0 ng/ml were unusual. In patients 
initially seropositivr for NSE a close correlation was found during ,follow up between serum 
*WE and response (98%) or progressive systemic disease (100%). During a major response, either 
complete or partial, serum NSE showed minor fluctuations (mean 8 nglml, S.D. 1.79, range 
4.6-12.1). 

At present serum IVSE seem to be the most sensitive and valuable biomarker in the management 
of SCLC, while the gain by adding CEA is small. Furthermore, NSE may be a useful tool in 
the estimation of disease extent and response to treatment in patients in whom clinical or 
radiolqgical evaluation is dt$cult. 

INTRODUCTION 
THE ROLE ofbiomarkers in the management ofsmall 
cell lung cancer (SCLC) is still unclear. Several 
markers have been advocated, including neuropep- 
tides [ 11, calcitonin [2], carcinoembryonic antigen 
(CEA) [3], the acute phase reactant, alpha-l-acid 
glycoprotein (AGP) [4], and enzymes such as cre- 
atine kinase BB [5], deoxythymidine kinase, lactate 
dehydrogenase (LDH) [ 61 and neuron specific enol- 
ase (NSE) [7, 81. 

Much attention has been focused on NSE in 
recent years, as it appears to have potential value 
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for clinicians. The glycolytic enzyme enolase occurs 
in several isoforms, each of two sub-units. The 
gamma subunit has been shown by immunohisto- 
chemical staining to be present in differentiated 
neuronal tissue and in neuroendocrine tissue 
belonging to the cells of the amine precursor uptake 
and carboxylation system (APUD). Enolases con- 
taining this gamma subunit (alpha-gamma and 
gamma-gamma) have been called neuron specific 
enolase [9], and increased concentrations of NSE 
have been detected in tumors expressing APUD 
characteristics [lo]. Small cell lung cancer is con- 
sidered to be a tumor of neuroendocrine origin. An 
elevated pretreatment level of serum NSE has been 
reported in 40-70% of patients with local SCLC 
and in 83-98% of patients with extensive disease 
[7, 1 l-141. These authors reported also that when 
the tumor responded to chemotherapy there was a 
considerable fall in the serum NSE level, which rose 
again at relapse. Enolase including NSE is an 
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intracellular enzyme concerned with energy pro- 
duction. Serum NSE may thus be a reflection of the 
turnover and cell death rate and release of enzyme 
in an NSE producing tumor. 

To make a firm judgement about the clinical 
value of serum NSE measurements it seemed to be 
important to examine this marker prospectively in 
the context ofa controlled trial and to compare NSE 
with two widely used markers, CEA and LDH 
which both have their advocates as aids to monitor- 
ing and assessing SCLC. In this paper we consider 
these three biomarkers in monitoring the disease, 
while in a following paper we will analyze their 
contribution as prognostic indicators. 

MATERIALS AND METHODS 

Patients 
Eighty-six patients with histologically proven 

SCLC referred to the Finsen Institute for treatment 
between June 1985 and January 1987 were entered 
into the study. The follow up was closed on 31 
March 1987. An additional 15 patients with SCLC 
were referred to the hospital during this time but 
they were excluded from the study, as no presen- 
tation serum samples were available. Pre-treatment 
staging procedures included clinical examination, 
chest X-ray, bronchoscopy, bilateral bone marrow 
biopsies and ultrasound or peritoneoscopy of the 
liver, including liver biopsy. The patients were 
defined as having local disease (LD) if the tumor 
was confined to one hemithorax including ipsilateral 
supraclavicular nodes or as extensive disease (ED) 
if the tumor had spread beyond these limits. 

Treatment 
All patients were treated according to protocol 

controlled trials chemotherapy using cyclic combi- 
nations [15, 161. 

Clinical and laboratory assessment 
Prior to commencing therapy the patients, except 

those who were critically ill, were staged as 
described above. Performance status (PS) was esti- 
mated according to the Eastern Cooperative 
Oncology Group (ECOG), and the serum levels of 
NSE, CEA and LDH were measured in all patients. 
At monthly intervals, before commencing the next 
chemotherapy cycle, the chest X-ray and the clinical 
condition were assessed and serum levels of NSE, 
CEA and LDH were measured. 

All patients with a complete response (CR) based 
on clinical examination and chest X-ray following 
3 months of chemotherapy were reevaluated by 
bronchoscopy and appropriate investigations of any 
other site that contained tumor at presentation. The 
patients were then reclassified according to the 
WHO criteria [ 171 as CR, partial response (PR) 

or no change (NC). Progressive disease (PD) was 
defined as an increase by more than 25% of existing 
lesions or the occurrence of metastases in new sites. 
Treatment was continued in accordance with the 
protocol until progression or for either 11 or 18 
months. If the patients at that time at careful 
reevaluation were in CR, the treatment was discon- 
tinued. Twelve patients, who died within 1 month 
of presentation, were classified as early deaths. 

Biochemical measurements 
Serum NSE was measured by a radioimmuno- 

assay NSE-RIA (Pharmacia Diagnostics AB, 
Uppsala, Sweden) [ 131 serum CEA by the Amerwell 
CEA-RIA (Amersham International plc, Amer- 
sham, Bucks, U.K.), serum LDH according to the 
Nordic recommendation [ 181. 

The upper limits of normal values were as follows: 
NSE: 12.5 ng/ml, CE: 5.0 ng/ml and LDH: 450 U/ 
1[19]. 

Statistics 
As the biomarkers were not normally distributed 

in disease a nonparametric statistical test, the Wil- 
coxon signed-ranks test [20] was used to test the 
significance of disease related changes of the analy- 
ses. P values below 0.05 were accepted as signifi- 
cant. 

RESULTS 

Pretreatment levels, extent of disease and tumor burden 
The pretreatment characteristics of the patients 

are listed in Table 1. Table 2 shows the median, 
mean and range of NSE, CEA and LDH levels at 
presentation according to extent of disease. It will 
be seen that the levels of NSE and LDH were 
significantly higher in ED compared to LD. On the 
other hand, whilst CEA tended to be lower in LD, 
there was no significant difference compared to ED. 

Table 1. Pretreatment characteristics in patients with SCLC 

LD ED 

Number 49 37 
Females (%) 19 12 
Age (median) 62 (range 41-73) 61 (range 38-77) 
Performance 

0 19 4 
1 23 16 
2 3 9 
3 2 4 
4 2 4 

Bone marrow 
Metastases 0 16 
Liver metastases 0 21 
Cerebral involvement 0 6 

LD: local disease, ED: extensive disease. 
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Table 2. Biomarker distribution at presentation 

Median Range Mean n 2P* 

NSE(ng/ml) 
LD 19.4 3.3-96.7 25.2 49 
ED 53.2 6.7-285.0 77.3 37 

0.001 

CEA(ng/ml) 
LD 3.4 0.3-88.9 8.3 49 
ED 6.1 0.1~121.0 19.6 37 

0.30 

LDH (U/I) 
LD 387 218-929 430 47 
ED 769 253-4640 898 37 

0.05 

*Significance of differencr between LD and ED. Description of 
thr three biomarkers NSE, CEA and LDH in small crll lung 
cancer at presentation. LD = local disease, ED = cxtcnsivc 
disrasc. 

The distribution of NSE and CEA are compared in 
Fig. 1 and that of LDH is shown in Fig. 2. 

Sensitivity 
The percentage of raised biomarkers in patients 

with LD and ED is shown in Table 3. Only half the 
patients with metastatic disease showed an elevated 
CEA, and levels of CEA >50 ng/ml were unusual 
(7/86 = 8.0%). Six out of the 15 patients with 
normal levels of NSE and LDH and LD had an 
increase in CEA compared to four out of the five 
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Table 3. Frequency of elevatedpretreatment levels of biomarkers 

,rest LD ED 1.1) + ED 

NSE 34/49 (69) 32137 (86) 66/86 (77) 
CEA 18/49 (37) 20/37 (54) 38/86 (44) 
LDH 18/47 (38) 25/37 (68) 43/84 (51) 

Number elevated/total number tcstcd (% 1. 1.1) = local disrasc, 
ED = estcnsive discas,. 

patients with ED. A raised CEA, B5.0 ng/ml, with 
a normal NSE, < 12.5 ng/ml, occurred in 5/47 
(10.8%) cases of LD, and 4/36 (11.7%) in ED. 

One out of 15 LD patients with normal NSE 
levels had increased serum LDH values. The corrc- 
sponding values for ED were two of five patients. 
Normal levels of LDH, NSE and CEA were found 
in 9.3% ofall cases, while NSE and CEA &t-c both 
normal in 10.4% of all cases. 

Distribution of metastatic disease 

The percentage of patients with pretreatment 
elevated biomarkers according to the site and extent 
of mctastases involved is shown in Table 4. 

In ED there was no significant correlation 
between the number of sites of histologically proven 
mctastascs and the presentation level of NSE. How- 
ever, 73% of patients with metastases involving a 
single site had a raised NSE at presentation, and all 
patients with two or more sites involvrd had a raised 
NSE at presentation. 

Reevaluation 
In 20 patients NSE was not increased at presen- 

tation (mean 8.4, S.D. = * 2.5, range 3.3-12.1 
ng/ml), but five of them later (median 253 days, 
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Table 4. Pretreatment increased levels of biomarkers by Peripheral 
metastatic sites involved 

NSE CEA LDH 

Liver 
Bone marrow 
One site 
Two sites 
Three sites 

21/21*(100) lo/21 (48) 13/21 (62) 
15/16 (94) 9/16 (59) 14/16 (88) 
11/15 (73) 8/15 (53) 9/15 (60) 
12/12 (100) 6/12 (501 7/12 (58) 

or more 8/8’ (100) 5/8 (63) 7/8 (88) 

Number elevated/total number tested (%). All patients had 
extensive disease. Upper normal levels: see Biochemical 
Measurements, Two of the patients with ED had cerebral 
metastases only. 

range 149-600) had progressive disease 
accompanied by an increased NSE level. Two pati- 
ents developed isolated cerebral metastases without 
an increase in serum NSE. One patient died early. 
In one patient the disease status was classified as 
NC and no increase in NSE level was observed. In 
another patient the NSE level doubled during a 
pause in chemotherapy and returned to normal 
after chemotherapy was started again. In the 11 
other patients NSE levels remained normal through 
an observation time of median 314 days (range 
69-280). All achieved a major response CR or PR. 
Minor fluctations in serum NSE were observed 
during CR/PR and chemotherapy (mean 8 ng/ml, 
range 4.612.1). 

The NSE levels in 52 patients presenting with a 
raised NSE had decreased to normal in 50 (96%) 
(mean 5.23, S.D. 2.12) at the, time when they all 
with exception of two achieved a major clinical 
response, CR or PR. One was difficult to evaluate 
because of pleural effusion. The other failed to 
respond. One patient, who achieved PR, had a 
persistently raised NSE and 25 days later showed 
progressive disease. Of the 50 patients achieving 
CR or PR, 49 had normal levels of NSE (98%). 
Twenty-three patients achieved CR (mean 4.84, 
S.D. 2.18) and 27 patients PR (mean 6.24, S.D. 
4.15). No significant difference was found in the 
NSE levels between CR and PR (P < 0.05). 

Table 5. Serum NSE in progressive disease 

In patients presenting with a raised CEA, 10 
patients showed a fall to normal similar to the trend 
of NSE, but six showed persistently elevated CEA 
levels at a time when the NSE was normal, and 
this’therefore appeared to be a better indicator of 
residual disease than NSE in this small number of 
patients. When the patients achieved a sustained 
CR or PR, the mean level of LDH in the whole group 
of ptients was 351 + 177 U/l (range 195-1309). 

Progression 
Thirty-four patients having achieved CR or PR 

subsequently developed systemic metastases whilst 
receiving chemotherapy. The distribution of NSE 
levels in patients in C,R or PR are compared to those 
at the time of diagnosis of PD and shown in Table 
5. It will be seen that there was a significant increase 
of NSE associated with PD when the disease 
involved sites outside the CNS. Longitudinal studies 
indicated that the rise of NSE level preceded radio- 
logical PD in 64% of patients. 

Following remission and during chemotherapy, 
cerebral metastases without evidence of systemic 
recurrence occurred in six patients. None of the 
biochemical indicators gave warning of this form of 
metastasis. In two patients localized recurrence 
with squamous cell carcinoma in the tumor was 
observed without change in the level of NSE or 
CEA. 

CEA was an indicator of progression in only 53% 
of patients. In three of the patients with a rise of 
CEA associated with PD there was no coincidental 
rise of NSE. LDH rose in 59% of cases as the 
patients developed recurrent tumors but did not 
possess the sensitivity required to provide early 
warning of the recurrence. 

DISCUSSION 
The initial studies describing the use of NSE as a 

tumor marker in SCLC have used a mixture of 
prospective serum collection and retrospective 
samples from serum banks. These papers [7, 11-14, 
19, 211 have clearly established the distribution of 
serum NSE at presentation, its fall in CR or PR and 
rise in progression. However, it still leaves open 

Clinical 
status 

Mean 
(ng/mlj 

Range 

(ng/mL) 

Frequency 
elevated (%) 

Systemic 
disease 

Isolated 
cerebral 
metastases 

CRIPR 6.1 02.6-019.5 l/34 (03) 
PD 74.2 14.1-363.0 34/34 (100) 

CRIPR 7.9 2.7-024.4 l/6 (17) 
PD 8.7 5.9-011.2 O/6 (00) 

Response to treatment was evaluated according to the WHO criteria and graded as 
complete response (CR), partial response (PR), no change (NC) or progressive disease 

(PD). 
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questions about the value of NSE in closely moni- 
tored patients, and whether it is really the test of 
choice compared to LDH and CEA. This study was 
designed to evaluate further these questions, in the 
context of a single institution committed to protocol 
controlled clinical trials of therapy for SCLC. 

In our patients serum NSE was the biochemical 
parameter, which correlated best with untreated 
and recurrent disease. It was raised in 75% of all 
patients at diagnosis, in 67% of patients with LD, 
and in 86% of patients with ED. Moreover, all 
patients with metastatic tumors in two or more sites 
presented raised (> 12.5 ng/ml) serum NSE levels. 
The median serum NSE in patients with LD was 
significantly lower than that in patients with ED. 
Both in case of peripheral CR/PR or PD a close 
correlation was found between the clinical findings 
and the response indicated from the serum NSE 
level. However, NSE is not sensitive enough to 
detect residual disease in PR; similar insensitivity 
has been observed in ncuroblastoma [22]. In other 
studies [7, 231, no correlation was found between 
initial serum NSE level and response to treatment. 
Since our data suggests a close correlation between 
tumor burden and serum NSE levels, serum NSE 
measurements may be of value in assessment of 
tumor burden in SCLC at presentation and a helpful 
parameter during therapy. In this closely monitored 
group of patients the rise of NSE was generally the 
most reliable indicator of the advent of systemic 
recurrence. 

The development ofa pulmonary recurrence with 
a normal NSE, which histologically was found to 
be a squamous cell cancer, has been described by 
Splinter et al. [21], and we observed two such cases 
in our series. This is probably due to the suppression 
of a chemosensitive SCLC and the slow growth of 
a chemorcsistant NSCLC in a tumor of mixed 
differentiation. 

The combination of NSE and CEA in SCLC has 
previously been examined [2, 3, 241. The precise 
inter-relationship of these studies is difficult to 
assess as they use different CEA assays. However, 

a number ofgeneral points emerge. In Havemann’s 
multicenter study a fall of CEA after the first 2-3 
courses of chemotherapy was a valuable sign of a 
treatment success, but it was not helpful as a marker 
of early progression. A similar conclusion is drawn 
by Sculier et al. [25] in their study of 180 patients 
with SCLC. Adewole and Newlands [24] advocate 
using both NSE and CEA to monitor the clinical 
course of the disease and to predict recurrence. By 
contrast, Aroney et al. considered the combination 
of CEA, NSE and LDH when used to monitor 
disease activity in SCLC were no. more sensitive 
than standard clinical methods. Woo et al. [26] 
found a correlation between disease status and CEA 
level above a fixed level of CEA. This study did 
not, however, include an evaluation of NSE. Our 
experience favors the concept that NSE and CEA 
produces the best system for early warning of pro- 
gression, although the gain by adding CEA is rela- 
tively small. In instances of progression, NSE was 
positive alone in 16134, CEA and NSE in 18134, 
CEA alone in none. 

LDH levels essentially reflected a large tumor 
burden [4]. Nineteen of 32 known LDH values were 
increased in patients with progressive disease. In 
this respect LDH behaves like some of the other 
enzymes that tend to rise with increasing tumor 
burden such as thymidine kinase [6] and creatine 
kinase [5]. 

In summary this study indicated that NSE com- 
pared to the two other biomarkers was the marker 
of choice for the monitoring of SCLC, but it clearly 
lacks the sensitivity required to identify low volume 
residual disease, as the levels in CR and PR are 
similar. In SCLC the gain by adding CEA is small. 

In practical terms whether to USC one or two 
markers depends on the clinical question being 
investigated. The evaluation of the initial response 
to chemotherapy is one objective, the early detection 
of progression is another. No doubt the interest in 
the markers in SCLC will continue and increase as 
second line treatments improve. 
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