
Detection of Malignant Pleural Effusions by Tumor 
Marker Evaluation 

FRANC0 PAVESI,* MILVIA LOTZNIKER,* PAOLO CREMASCHI,? LAURA MARBELLO,* LUIGI 
ACQUISTAPACE* and REMIGIO MORATTI* 

*Srrvizio , lnalisi Ch zmico Cliniche and tDivisione di Pneumologia, IRCCS Policlinico S. Matteo, I~niuersity (If‘ Pavia, Itab 

Abstract-Cytologic examination and determination of tumor markers (PHI, LDH, alpha- I - 
g[ycoprotein. alpha-2-HS-giyroprotein, PP-micr-oglobulin, feritin, sialic acid IgE. fetoprotein, 
CEA, PHCC and p 1 -SP-g(ycoprotein) were carried out in pleuralJluid .tample.s obtainedfrom 70 
patients with .suspected neoplasia. Tumor markers mere also determined in sera. The protein content 
of all pleural Qiisions Le’as 3 3 gldl. 

Patients awe grouped according to diagnosi., as ,follo~~s: (a) 42 withneoplastic diseases (7 
mesotheliomas and 19 lung. 4 orjarian, 3 breast and 8 miscellaneous cancers), (b) 22 umitlr benign 
inqYammation.s and (r) 6 LeGth ron,ynfiue effusion.,. 

Of the parameters examined. onb CEA and a-HCG gave information that the effusionwas 
probab{y malignant. 1Jin.g 6 ng:/ml as cut-of;f‘for CEII and 10 mIU/ml for PHCG, the 
.sensitwity u’as 57.1 o/u and 45.2%, respectiveb, spec$city alas 92.8% for both parameters and te.st 
ej‘riency 0.75 and 0.69, respectively. Id’hen CErl and PHCC awe considered together sensitivity 
inrreared to 73.8% and ejprienq to 0.78. CEA and/or PHCC werepositiz!e in the pleural Pf;fusions 
of 19 oJ the 20 mali~gnant pleural effusions, all with a negative cytologic examination,, which 
subsequently became positivve in 8. Because 0s their high sper$rig, these two parameters are a 
usejiil tool’and ran be routine!11 measured to evaluate pleural eff usions OJ dubious origin, et’en if 
CE.l and PHCC cannot, in their- owz, define the primary malignancy. 

INTRODUCTION 
IN CLINICAL practice the etiology ofpleural cffusions 
is sometimes obscure. Often the origin is a malig- 
nancy and differentiation between malignant and 
non-malignant effusions takes priority. The cyto- 
logic examinations of pleural effusion is highly spec- 
ific for the detection of malignant tumors, but false 
negative rates of 30-50% have been reported [l-3]. 

The diagnosis of the underlying pathology of 
malignant effusions is often difficult and biochemi- 
cal analysis of the pleural fluid has been proposed 
for this purpose. Several parameters have been 
evaluated for diffcrcntiating malignant from benign 
inflammatory and congestive cffusions. Some of 
these have been found to be of diagnostic signifi- 
cance, such as carcinoembryonic antigen (CEA), 
alpha-fctoprotcin (AF), human chorionic gonado- 
tropin (HCG), carbohydrate antigen 19-9 (CA 19- 
9), tissue polypeptide antigen (TPA), CA 123, p-2- 
microglobulin (p2~), fcrritin, alpha-1-glycoprotcin 
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(AAG) and the enzymes phosphohcxosc isomerase 
(PHI), lactatedehydrogenasc (LDH) andadenosine 
deaminase [2-131. The literature differs both in the 
data of the cut-off values of the markers adopted 
and for the contradictory conclusions reached con- 
cerning the discriminating value ofthcsc parameters 
[6, 10, 11, 14, 151. 

The aim of this study was to dcterminc the 
diagnostic value of biochemical analysis in a group 
of pleural effusions of unknown origin where malig- 
nancy was suspected. Some parameters among the 
above mentioned were investigated. In addition 
total sialic acid (NANA), alpha-2-HS-glycoprotein 
(a2HS), IgE and pl-SP-glycoprotcin (PlSP) were 
also measured in pleural effusions and in corre- 
sponding scra and evaluated for their role as tumor 
markers [ 16-201. 

The results were considered in light of the defini- 
tive diagnosis confirmed by pathologic examin- 
ation. 

MATERIALS AND METHODS 
Scra and pleural fluids of 70 hospitalized patients 

with pleural effusion of unknown origin suspected 
secondary to malignancy were investigated. 
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On the same day, both blood and pleural fluid 
were collected from each patient. A sample of pleu- 
ral fluid was submitted for routine cytologic examin- 
ation. Serum and supernatant of the fluid obtained 
by centrifugation at 3000 rpm for 15 min were 
divided among several tubes and stored at -20°C 
until examined (no more than 2 months, depending 
on the investigated parameter). Diagnoses were 
established by clinical laboratory and RX evalu- 
ation and in all the considered patients, confirmed 
by pathology. 

In both pleural effusions and sera the concen- 
tration of the following were determined without 
any knowledge of the definitive diagnosis: total 
proteins, albumin, LDH, PHI, AAG, a2HS, 
NANA, ferritin, B2p, IgE, CEA, AF, BHCG and 
BlSP. 

Total protein concentration was determined by 
the biuret method using a centrifugal analyzer; 
serum reference values (s.r.v.) were 6-8 g/dl. Albu- 
min concentration was measured by densitometry 
following cellulose acetate electrophorcsis (s.r.v.: 
3.2-6.2 g/dl). PHI and LDH activities were deter- 
mined by optimized U.V. methods (Behring, Mar- 
burg, F.R.G. and Biochcmia, Mannhcim, F.R.G., 
respectively) using a centrifugal analyzer (s.r.v.: 
15-75 U/l and <240 U/l, respectively). AAG was 
evaluated by an immunonephelomctric method 
using an ICS Beckman analyzer (s.r.v.: cl00 mg/ 
dl), and a2HS by radial immunodiffusion (Behring) 
(s.r.v. for a population of 100 healthy people: 
44-64 mg/dl). NANA was measured by a color- 
imetric enzymatic method (Biochemia) adapted to 
a COBAS-BIO (Roche, Basel, Switzerland) cen- 
trifugal analyzer (s.r.v.: <70 mg/dl). 

Immunoenzymatic techniques were used to 
measure the other parameters. Ferritin and AF 
concentrations were determined using the Bio- 
chemia kit and on a ES 22 analyzer; ferritin concen- 
trations > 400 ng/ml were considered pathological, 
AF s.r.v. was < 12 IU/ml. CEA (s.r.v.: < 5 ng/ml 
and BHCG (s.r.v.: < 12 mlU/ml) were measured 
using ROCHE EIA kits, while Behring kits were 
used for IgE, B2p and BlSP with the following 
s.r.v.: < 100 IU/ml, < 2.5 mg/l and < 1 kg/l, 
respectively. For immunoenzymatic methods, the 
samples which fell out of the linear range of the 
calibration curve (very often more restricted than 
that declared by the reagent manufacturer), were 
appropriately diluted using the correspective zero 
standard. 

At least two cut-off values were considered for 
each parameter of pleural fluid by evaluating three 
types of concentrations: (1) as an absolute, (2) per 
g of total proteins and (3) per g of albumin. For 
each cut-off defined, sensitivity (percentage of the 
malignancies with parameter concentration above 
the cut-off), specificity (percentage ofthe non-malig- 

nant sera or fluids with parameter concentration 
below the cut-oh) and test efficiency (true positives 
plus true negatives divided by the total examined) 
were calculated. 

RESULTS 
The 70 patients were grouped according to diag- 

nosis as follows: 
Group A: 42 with neoplasia; 19 lung cancers, 7 

mesothcliomas, 4 ovarian cancers, 3 
breast cancers and 8 miscellaneous 
cancers. The presence of ncoplasia was 
determined by cytology, biopsy or post 
mortem examination. 

Group B: 22 with bacterial infections. 
Group C: 6 with congestive cffusions due to liver 

damage or heart failure. 
In 22 of the 42 ncoplastic patients (52.38%) the 
search for malignant cells in pleural fluid was 
positive at the first examination. In 8 of the remain- 
ing 20, cytologic examination was positive at the 
second or successive attempts. In conclusion, the 
false negative rate for cytologic examination was 
28.6%. All samples from groups B and C were 
negative. 

Total serum protein and albumin concentrations 
were normal in all 70 patients. In all pleural fluids 
total proteins were 3 3.3 g/d1 and albumin 3 1.8 g/ 
dl. 

The best discrimination between the three groups 
of patients was obtained considering the concen- 
trations of the biochemical parameters as absolutes. 
No strum or pleural fluid revealed the presence of 
AF. The other parameters showed a wide range of 
concentrations and, in most cases, these were higher 
in pleural fluids than in the corresponding sera. 

Table 1 lists r values between serum and pleural 
fluid concentrations. AAG and IgE correlate in all 
the three groups, a2HS in groups A and B, while 
several parameters correlated only in group C. 

Figures l-4 show the results in pleural fluids. 
B2k and a2HS were unable to differentiate any 
group. PHI and LDH were similarly distributed in 
groups A and B with lower concentrations in C. 
Ferritin, AAG, NANA and BlSP showed a similar 
behavior, but not so close as that of the enzymes 
(in one case in group C, with heart failure, high 
concentrations of the four parameters were 
observed). CEA and BHCG were very valid in 
differentiating between the 3 groups. 

Table 2 reports sensitivity. specificity and test 
efficiency of 11 investigated parameters at different 
cut-offs and of the association CE.4 + BHCG. A 
specificity round about 90% was considered. TOO 
often this level of specificity gives very low sensi- 
tivity. The best test efficiency is given by CEA and 
BHCG and an improvement is obtained when the 
two parameters are considered together. 
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Table 1. r values between serum and the correspective pleural&d concentration oJ 
the evaluated markers in the three groups of patients 

I serum -- pleural fluid 
Group A Group B Group c: 
n I li I n 7 

LDH 
PHI 
AAG 
a2HS 
Sialic acid 
F’erritin 

P2F- 
I!$ 
CEA 
P-HCG 
p1-SP 
Total protein 
Albumin 

42 0.24 21 0.09 
42 0.16 21 0.01 
41 0.86 22 0.92 
33 0.81 16 0.77 
40 0.38 22 0.73 
41 0.27 21 0.1 I 
41 0.50 22 0.6,4 
36 0.98 19 0.96 
42 o.ooi 22 0.53 
42 0.25 22 0.31 
42 0.19 21 O..i3 
40 0.49 22 0.61 
40 0.46 22 0.58 

6 0.62 
6 0.69 
6 0.88 
6 0.28 
6 Cl.% 
6 0.17 
6 o.i3 
i 0.99 
6 0.22 
6 0.87 
6 0.97 
6 0. &‘L 
6 0.71 
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Pi,!. I Concentration values of ferritin, sialic acid, PHI and LDH in the examined pleural .&ids. A: malzpmt. A: beni,gn 
in@mmations, C: cqwtiuc. 

CEA 2 6 ng/ml and/or PHCG * 10 mIU/ml DISCUSSION 
were found in 19 of 20 pleural fluids which gave Comparing strum and pleural fluid conccn- 
negative results at the first cytologic examination trations, r values and serum and pleural fluid albu- 
and in all (28.57%) which were false negative min it appears that, among the parameters exam- 
CEA + PHCG + cytology gave 100% sensitivity. ined, Phi, LDH, fcrritin, /32p., CEA and PHCG 
CEA + PHCG were unable to detect (absence of are locally produced or selectively accumulated 
sensitivity) the presence of malignancy in 11 malig- in pleural fluids. The diagnostic value of these 
nant effusions (26.2% of total): 5 mesotheliomas, 1 parameters determined in pleural fluids does not 
thymoma, 2 ovarian and 3 lung cancers. improve by their evaluation in the corresponding 
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Fig. 2. Concentration values of AAG, IgE, p2~ and a2HS in the examinedpleuralJluids. A: malignant, B: benign i@zmmations, 
C: congestiue. 
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Fig, 3. CEA concentrations in serum and pleural effuusions. A, B and C: malignant, due to benign inJlammations and congestive 
pleuralj&ids, respecti&. s: serum, pj pleuralfluid. 

serum. On the other hand, IgE, AAG, a2HS and confirmed [3, 111 to discriminate congestive 
sialic acid seem to derive from serum. The enzymes effusions from inflammatory benign and malignant 
LDH and PHI paralleled each other and were ones, but not between these latter two. The high 
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enzyme activities should thcrcfore be considered to 
derive from an aspecific inflammatory reaction to 
processes of various origin and not from production 
by neoplastic cells. Low levels of activities did not 
exclude the presence of malignant effusions, which 
is in contrast to that observed by Martinez-Vca e/ 
al. for PHI [3]. 

Alpha-2-HS was of no use in pleural fluid cvalu- 
ation: metabolism of this protein is very complex 
[16, 211 and further studies are necessary to assess 
its role in the prcscnce of malignancy. 

Mean AAG and sialic acid concentrations 
decreased from group A to B to C, however the 
widr overlap between the three groups made the 
test efficiency very poor. Our findings concerning 
AAG confirm those observed by others [9, 1 l] and 
contrast other studies which propose AAG as a 
reliable tumor marker [3, 51, in particular we found 
that low concentrations of AAG do not exclude 
malignancy as suggested by Martinez-Vca et al. [3]. 

The highest fcrritin levels for malignant pleural 
effusions have been found in mesotheliomas, with a 
marked overlap with bronchogenic carcinoma 181. 
Our results do not confirm this finding: ferritin 
levels over 6000 ng/ml were observed in two cases 
ofmesothelioma, two lung, one prostate, one thyroid 
and one breast cancer, one sarcoma and one neo- 
plasm of unknown origin. Ferritin did not discrimi- 

natc bctwccn malignant, inflammatory and congcs- 
tive effusions. This is in agrcrmcnt with the 
obscrvration that pleural fluid ferritin concentration 
comes from both pleural histiocytcs and inflamma- 
tory cells (lymphocytes and granulocytcs) and not 
from malignant cells [7, 81. 

The wide overlap of B2p. values in the three 
groups of patients makes this protein of‘no diagnos- 
tic value. The same is also true for IgE. This 
immunoglobulin was significantly lower in group C 
than in the others, however one cast of pleural 
efIusion due to heart failurr revealed repeatedly 
high vralucs. Moreover, thr close correlation 
between serum and pleural fluid IgE concentrations 
makes dctcrmination in cffusions unncccssary. 

Beta- 1 -SP, dctcctcd by immunohistological 
methods, has been reported to be helpful in disting- 
uishing malignant mesothelioma, in which it is 
not found, from pulmonary adcnocarcinoma [ 171. 
Findings different from those expected were 
obtained in pleural fluids: the protein content was 
2 1 pg/l in 10 cases: 3 mesotheliomas, 2 lung, 2 
ovarian, 1 stomach and 1 breast cancer and the last 
a tumor of unknown origin. This low specificity 
may bc due to a too high cut-off \,aluc (1 I_@), 
howcvcr the test is imprecise and thcrcforr loses 
validity below this value. 

The other two markers WC considcrrd, CEA and 
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Table 2. Sensitivip, specijcity and efjciency of the tumor markers examined in sera andpleuraljluids according to the different cut-offs. 
n ex.: total examined in serum and/AeuralJluid, respectively; s.: serum; ~~6: pleural /luid 

Parameter Cut-afl- Sensitivity % Specificity % Efliciency 
<X n ex. s. p.f. n ex. s. p.f. s. p.f. 

LDH 

PHI 

AAG 

a2HS* 

Sialic acid 

Ferritin 

IRE 

p1-SP 

CEA 

PHCG 

CEA (6 ng/ml) + 
pHCG (10 mlU/ml) 

240 mu/ml 
480 mu/ml 

75 mU/ml 
200 mu/ml 
400 mu/ml 

80 mg/dl 
100 mg/dl 
140 mg/dl 

>50 mg/dl 
>44 mg/dl 
>30 mg/dl 

70 mg/di 
100 mg/dl 

400 ng/mi 
4000 ng/ml 

10000 ng/ml 

2500 rig/l 
5000 rig/l 
6000 rig/l 

50 NJ/ml 
150 IU/ml 

0.5 pg/l 

1 pg/l 
1.7 kg/l 

5 nglml 
6 ng/ml 

5 mlU/ml 
10 mlU/ml 
12 mlU/ml 
17 mlU/ml 

42 16.6 54.7 

4.7 21.4 
27 81.4 66.6 

100 77.7 
0.60 
0.49 

42 69.0 78.5 
7.1 47.6 
0.0 19.0 

27 33.3 40.7 
92.5 70.3 
100 81.4 

0.49 

0.52 

0.51 
0.48 
0.50 

0.59 
0.58 
0.50 

41 80.4 31.7 
56.1 14.6 
17.0 4.8 

28 21.4 71.4 0.50 0.51 
60.7 82.1 0.58 0.48 
75.0 92.8 0.46 0.48 

37-33 40.5 
35.1 
13.5 

90.9 
84.8 
33.3 

54.8 
19.1 

24-22 50.0 9.1 0.45 0.50 
54.1 13.6 0.44 0.49 
95.8 36.6 0.54 0.33 

4&42 92.5 
77.5 

28 0.49 
0.51 

0.59 
0.54 

41-42 53.6 97.6 
2.4 28.5 
0.0 4.7 

56.0 88.1 
9.7 16.7 
7.3 11.9 

27-28 

7.1 
25.0 

59.2 
100 
100 

41-42 28 

3641 24-26 

64.2 
89.2 

7.1 
78.5 
92.8 

17.8 
78.6 
82.1 

69.2 
80.7 

0.56 
0.5 1 
0.50 

0.5 1 
0.44 
0.50 

42 27-28 

42 

69.4 39.1 
33.3 17.3 

39.9 52.3 
16.6 23.8 
4.7 11.9 

50.0 57.1 
40.4 57.1 

14.2 52.3 
11.8 45.2 

7.1 35.7 
7.1 26.1 

28 

42 28 

46.4 
78.5 
92.8 

50.0 
75.0 

70.3 
88.8 
96.2 

89.2 
89.2 

85.7 
100 
100 
100 

71.4 
85.7 
96.4 

89.2 
92.8 

75.0 
92.8 
96.4 
100 

0.59 
0.54 

0.55 
0.52 
0.50 

0.69 
0.64 

0.49 
0.55 
0.53 
0.53 

0.52 
0.53 
0.48 

0.52 
0.47 
0.47 

0.54 
0.49 

0.61 
0.54 
0.54 

0.73 
0.75 

0.63 
0.69 
0.66 
0.63 

42 57.1 73.8 28 89.2 85.7 0.74 0.78 

*Only values of a2HS below the cut-off were considered pathological 

PHCG, appeared to be of help in assessing diagosis. 
Specificity and sensitivity were similar to those 
reported by other authors; the association of the 
two parameters improved test efficiency 
[3, 4, 9, 11, 141. We think that the cut-off values 
of6 ng/ml for CEA and 10 mlU/ml for PHCG (with 
a specificity of 92.8% in both and a sensitivity of 
57.1 and 45.2%) show that the effusion is probably 
malignant. 

In conclusion, we believe that CEA and PHCG 
are the only parameters, along with cytological 
investigation, which should be routinely determined 
in pleural fluids of unknown origin with a suspicion 
ofmalignancy. This also serves to control laboratory 
investigation costs. The presence of these markers 
is often diagnostic or contributes to hold the sus- 
picion of malignancy when cytological investigation 
is negative, even if CEA and PHCG, on their own, 
cannot define the primary. 

Even though CEA + PHCG + cytologic investi- 
gation gave 100% sensitivity in our patients, this 
finding cannot be considered as an absolute for 
the limited number of people investigated. In fact 
cytology, CEA and PHCG may all be negative in 
certain malignancies, such as mesotheliomas. Other 
tumor associated antigens, such as CA 19-9, CA 
15-3, CA 50, etc., can then be investigated if the 
suspicion of a malignant effusion still exists, always 
considering that aspecific reactions are possible, 
as observed for CA-125 [22]. In the course (or 
suspicion) of a recurrence of a known malignant 
primary the investigative approach is quite different 
and the choice of tumor associated antigens to 
investigate is more specific. 

The investigation of the other parameters (LDH, 
PHI, AAG, a2HS, IgE, ferritin, NANA, l32p), is 
unnecessary in suspected malignant pleural 
effusions for their very poor diagnostic value. 
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