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ABSTRACT 22 nonneoplastic, noninflammatory ef-
fusions (cirrhosis and congestive heart failure), 12 non-
neoplastic inflammatory effusions (tuberculosis, lupus
erythematosus, rheumatoid arthritis, and idiopathic
pleuropericarditis), and 58 neoplastic effusions (cancer
of lung, breast, ovary, and pancreas, and lymphoma)
were analyzed by radial immunodiffusion for orosomu-
coid concentration. The average concentration *SE
was 35%+4, 65+17, and 130%=13 mg/100 ml in the
three types of effusion, respectively. By gel filtration
and ion exchange chromatography, orosomucoid was
isolated from 12 nonmalignant and 14 malignant fluids.
The orosomucoid preparations reacted as single compo-
nents in acrylamide gel electrophoresis at pH 9.0, and
in immunodiffusion and immunoelectrophoresis against
antisera to human serum and to human plasma oroso-
mucoid. In radial immunodiffusion, the slope of the line
relating concentration to the square of the diameter of
the precipitate area was identical for orosomucoid iso-
lated from normal human plasma and from nonneoplastic
effusions, but was subnormal for orosomucoid isolated
from neoplastic fluids. All orosomucoid preparations
had normal amino acid composition. Orosomucoid from
the nonmalignant effusions had normal carbohydrate
content. 11 of 14 samples of orosomucoid isolated from
neoplastic fluids had abnormalities in carbohydrate com-
position, consisting of subnormal content of sialic acid
(11 of 14), hexose (10 of 14), and hexosamine (3 of
14), and abnormally high content of hexosamine (4 of
14).

Discriminant analysis showed that concentration of
orosomucoid distinguished between neoplastic and non-
neoplastic noninflammatory effusions more effectively
than concentration of total protein, albumin, a1, a2, B
or v-globulin.
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INTRODUCTION

Patients with neoplastic disease frequently have elevated
concentration of orosomucoid (ea acid glycoprotein) in
plasma (1). We recently developed a method for iso-
lating homogeneous orosomucoid from as little as 3 ml
plasma and found that the circulating orosomucoid in
patients with advanced cancer usually possesses an ab-
normal carbohydrate composition (2).

The present study investigated concentration and
composition of orosomucoid in effusions of neoplastic
and nonneoplastic etiology.

METHODS

57 pleural and 35 peritoneal effusions were studied; etiology
was neoplastic in 58 (Table I). The fluids were anticoagu-
lated by heparin, centrifuged to remove red blood cells, and
stored at —20°C within 1 h after paracentesis.

In all cancer cases, histologic diagnosis and metastatic
involvement of visceral or parietal pleura or peritoneum
were demonstrated at autopsy. Diagnosis of Laennec’s cir-
rhosis was confirmed by needle biopsy or autopsy.

Each effusion was analyzed for total protein concentra-
tion (3) and protein electrophoretic pattern (4). In addition,
1 ml of each effusion was examined by gel filtration in 1 N
acetic acid on a 2 X 200-cm column of Sephadex G-75 (5).
Protein content of the effluent was monitored by measuring
optical density at 280 nm. Proteins were recovered from
effluent by lyophilization.

Hoemogeneous normal human plasma orosomucoid was
prepared by purification of commercial human plasma frac-
tion VI (Schwarz/Mann Div., Becton, Dickinson & Co.,
Orangeburg, N. Y.) as described elsewhere (2). Oroso-
mucoid was isolated from effusions by the method previously
developed for plasma (2). To characterize orosomucoid
preparations, the following tests were done (2) : acrylamide
gel electrophoresis at pH 9.0; measurements of amino acid
and carbohydrate compositions; immunodiffusion (at pH
7.2) and immunoelectrophoresis (at pH 8.6) against these
antisera (Hyland Div., Travenol Laboratories, Inc., Costa
Mesa, Calif., and Behringwerke AG, Marburg-Lahn, W.
Germany) : rabbit antisera to whole human serum, oroso-
mucoid, a-lipoprotein, transferrin, as-haptoglobin, fibrinogen,
albumin, 4G-immunoglobulin, g, C/B: A-globulin, a-anti-
trypsin, a-fetoprotein, a,HS glycoprotein, hemopexin, and
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TaBLE I
Protein Analyses

Effusion
Diagnosis Total
Group (case no.) Site protein Albumin ai-globulin az-globulin
‘ £/100 ml 2/100 ml 8/100 ml £/100 ml

I Cirrhosis (1-12) Peritoneal 1.64+0.25 0.8+0.14 0.1£0.02 0.1+0.02

II Heart failure Pleural 3.440.50 1.6+0.25 0.240.03 0.34+0.04
(13-22)

III Carcinoma of the Pleural 2.940.29 1.3+0.19 0.44-0.05 0.540.07
lung (23-34)

v Lymphoma (35-43) Pleural 2.84+0.42 1.74+0.23 0.1+0.03 0.3+0.09

\% Carcinoma of the Pleural 3.4+0.34 2.0+0.28 0.0+0.01 0.44-0.05
breast (44-57) -

VI Carcinoma of the Peritoneal 2.940.36 1.54+0.24 0.240.04 0.340.04
ovary (58-68)

VII Carcinoma of the Peritoneal 3.1+0.30 1.840.24 0.240.02 . 0.3+0.04
pancreas (69-90)

VIII Nonneoplastic, Pleural 374051 22 +0.35 0.2£0.04 0.3+0.12
inflammatory*
(91-102)

P value, groups (IIT — VII) vs. groups (I 4 II) >0.05 >0.05 >0.05 >0.05

P value, groups (IIT — VII) vs. group VIII >0.05 >0.05 >0.05 >0.05

* Tuberculosis, five; lupus erythematosus, three; rheumatoid arthritis, two; idiopathic pleuropericarditis, two.
Values represent avSE. Number of observations is same as number of cases for effusion data; number of
plasmas analyzed is indicated in parentheses after total protein value.

B:C glycoprotein; horse antisera to pg-lipoprotein and Ge
globulins; goat antiserum to as-macroglobulin. Rabbit anti-
serum to orosomucoid with subnormal carbohydrate con-
tent, isolated from plasma of patient 19 (ref. 2) with acute
myelocytic leukemia, was also employed.

Effusions were assayed for content of orosomucoid by
radial immunodiffusion (6) in immunoplates obtained from
Behringwerke.

In 45% of patients, plasma obtained within 2 days of
paracentesis was analyzed for concentrations of protein (3)
and orosomucoid (6).

RESULTS

Gel filtration chromatography. The elution profile of
normal serum (Fig. 1) shows three elevations. These
peaks, labeled a, b, and ¢, are identified by their distri-
bution coefficient, Ka* The cube root of Ka is, approxi-
mately, a linear function of square root of the protein’s
mol wt (7). a is a major protein peak at Ka 0-0.1, ap-
proximate mol wt 69,000, representing albumin and most
plasma globulins. b is a minor protein peak at K 0.2-

*Kd= (Ve—V,.)/Vs where V, is elution volume of

the test substance, V, is void volume, and V; is solvent im-
bibed by the gel (7).
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0.3, mol wt 45,000-69,000, representing at least 12 pro-
teins * of plasma in this mol wt range. ¢ is a prominent
peak at Ka=1.0, representing tryptophan, tyrosine, and
other substances with mol wt < 3,000 that absorb light
at 280 nm.

The elution profile of 22 nonmalignant effusions (12
cirrhotic, 10 congestive heart failure) resembled the
normal serum pattern (Fig. 1A and 1B). In contrast,
most neoplastic effusions showed enlargement of peak b
(Fig. 1C). This peak was recovered by lyophilization,
repurified twice by gel filtration on Sephadex G75, and
analyzed for content of orosomucoid by radial immuno-
diffusion. Yield of peak b was 10 times greater in neo-
plastic (av 530 mg/100 ml) than in benign effusions
(av 58 mg/100 ml) ; about 209 of this difference was
accounted for by increased content of orosomucoid.

Measurement of orosomucoid in the effusions was
done by the radial immunodiffusion technique (Table

* Prealbumin, orosomucoid, as-trypsin inhibitor, fetuin,
M-2-glycoprotein, Zn as-glycoprotein, prothrombin, a: 3.5S
glycoprotein, a: easily precipitable glycoprotein, thyroxine-
binding globulin, Gc globulin, and «HS glycoprotein.
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of 102 Effusions

Effusion Plasma
Orosomucoid Orosomucoid
_ Total _—
B-globulin ~-globulin Orosomucoid Total protein protein Orosomucoid Total protein
£/100 ml g/100 ml mg/100 ml 8/100 ml mg/100 ml
0.2+0.05 0.4+0.06 27+3.2 23+4.1 5.0£1.3 78+5.1 15+3.1
(6)
0.5+0.08 0.8+0.19 4746.3 17429 7.0+1.4 100+£9.3 14£3.0
(5)
0.34£0.02 0.5£0.05 1334+14.7 47441 7.1+£0.9 158+16.4 22+4.3
)
0.4+0.10 0.340.07 - 134416.3 664229 7.3£1.0 186+15.4 2545.0
©)
0.5+0.05 0.40+0.06 129+£13.1 42+5.6 6.2+£0.9 165+18.7 2745.6
Q)
0.440.06 0.5£0.13 1324+11.0 491-4.6 6.7+1.4 1404:21.2 21444
(5)
0.440.04 0.5+0.06 1114128 3744.8 6.710.7 1594+18.7 24+4.9
(5)
0.340.14 0.740.10 65+17.0 18+6.3
>0.05 - >0.05 <0.01 <0.02 >0.05 <0.05_ >0.05
>0.05 >0.05 <0.01 <0.02

I). Average orosomucoid concentration was 3.7 times
higher in neoplastic than in nonneoplastic, noninflamma-
tory effusions (130 mg/100 ml*=13 [av=SE] compared
to 35+4), and 2.0 times higher than in nonneoplastic,
inflammatory fluids.

Isolation of orosomucoid from meoplastic and nom-
neoplastic effusions: differences in chemical composition.
Orosomucoid was isolated from 12 nonneoplastic (8
noninflammatory, 4 inflammatory) and 14 neoplastic ef-
fusions by the previously described method (2). Immuno-
diffusion versus specific rabbit antisera showed that
the orosomucoid preparations contained no albumin,
e-lipoprotein, transferrin, e=-haptoglobin, fibrinogen, ¥G-
immunoglobulin, B: C/B A-globulin, e:-antitrypsin,
a-fetoprotein, esHS glycoprotein, hemopexin, 8:C-glyco-
protein, B-lipoprotein, Gc globulin, or es-macroglobulin.
The orosomucoid preparations moved as a single com-
ponent in acrylamide gel electrophoresis at pH 9.0
(Fig. 2) ; they reacted with a single line of precipitation
in Ouchterlony immunodiffusion and in immunoelectro-
phoresis versus antiserum to normal orosomucoid and
versus antiserum to normal human serum (Fig. 3).

The orosomucoids isolated from both neoplastic and non-
neoplastic effusions were indistinguishable from normal
human plasma orosomucoid in these electrophoretic and
immunologic tests (Figs. 2 and 3). Likewise, in radial
immunodiffusion, orosomucoids isolated from nonmalig-
nant effusions and from normal plasma were indistin-
guishable (Fig. 4). Each of five neoplastic orosomucoids
examined by this technique, however, showed a sub-
normal slope for the line relating concentration of the
glycoprotein to square of diameter of the precipitate
area (Fig. 4).

Orosomucoids derived from benign and malignant ef-
fusions were also tested in double immunodiffusion and
immunoelectrophoresis against an antiserum to oroso-
mucoid with subnormal carbohydrate content isolated

from plasma of a patient with acute myelocytic leuke-

mia (case 19, ref. 2). Results were indistinguishable
from those with antiserum to normal human plasma
orosomucoid (Fig. 3).

Yields of orosomucoid averaged 115, 28, and 45 mg/
100 ml for neoplastic, nonneoplastic noninflammatory,
and nonneoplastic inflammatory effusions, respectively
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Feure 1 Elution profiles from gel-filtration on 2 X 200-cm
column of Sephadex G75 in 1.0 N acetic acid. (A) 0.5 ml
normal human plasma. (B) 3 ml peritoneal effusion from

case 8 (Laennec’s cirrhosis). (C) 3 ml of peritoneal effu-
sion from case 63 (carcinoma of the ovary).

(Table II). The amino acid compositions of all 26
preparations were indistinguishable® from those of the
normal plasma glycoprotein (2). The carbohydrate
compositions of orosomucoid from benign . effusions
were also closely similar to those of the normal material,
but the compositions of the glycoprotein from 11 of the
14 neoplastic effusions showed differences® in one or
more of the carbohydrate moieties (Table II).

® An amino acid or carbohydrate content was considered
“abnormal” if it differed from the average content of nor-
mal human plasma orosomucoid by 2 SD or more.
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DISCUSSION

The content of orosomucoid in nonneoplastic and neo-
plastic effusions can be compared in terms of either ab-
solute concentration or the ratio of orosomucoid to total
protein. In both respects, the content is two to five times
greater in the malignant fluids (Table I).

Normally orosomucoid and other plasma glycopro-
teins are formed exclusively in the liver (8). In animals
with neoplastic disease, however, a portion of the cir-
culating glycoproteins may be synthesized by tumor (9).
In cirrhosis and heart failure, the ratio orosomucoid/
total protein is generally similar in effusion and in
plasma (Table I), as expected if the effusion’s proteins
are derived from plasma. In cancer patients, this ratio
is 1.5-2.6 times higher in effusion than in corresponding
plasma (Table I). This enrichment of the neoplastic
effusion with orosomucoid could result if a portion of
the effusion’s glycoprotein were produced locally by
tumor tissue within the involved synovial cavity.

Rovestad, Bartholemew, Cain, McKenzie, and Soule
(10) and Spak (11) showed that concentrations of
albumin, and e, e, and y-globulins, and ratios (e1 + az2)
globulin/v-globulin, and v-globulin/total protein, tended
to be higher in neoplastic than in nonneoplastic, non-
inflammatory effusions. The data of Table I suggest
that concentration of orosomucoid in the effusion or the
ratio of orosomucoid/total protein discriminates more
effectively between neoplastic and nonneoplastic, non-
inflammatory effusions than do the indices proposed by

NP 50 5

FiGure 2 Acrylamide gel electrophoresis at pH 8.9 of:
normal human plasma (NP); orosomucoid isolated from
pleural effusion of case 50, carcinoma of breast; orosomu-
coid isolated from peritoneal effusion of case 5, alcoholic
cirrhosis. Arrow indicates tracking dye, bromphenol blue.
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Ficure 3 Immunologic tests with orosomucoid prepara-
tions. Above: Immunodiffusion. Center wells contained
rabbit antiserum to normal human plasma orosomucoid.
Peripheral wells contained orosomucoid derived from the
following sources: 1, normal human plasma; 2, effusion
caused by cirrhosis (case 3); 3, effusion caused by con-
gestive heart failure (case 17); 4, effusion caused by car-
cinoma of breast (case 50) ; 5, effusion caused by carcinoma
of lung (case 24); 6, normal human plasma; 7, effusion
caused by cirrhosis (case 4); 8, effusion caused by con-
gestive heart failure (case 18); 9, effusion caused by
lymphoma (case 36) ; 10, effusion caused by carcinoma of
pancreas (case?75). Below: Immunoelectrophoresis. Troughs
contained rabbit antiserum to normal human plasma oroso-
mucoid. Wells contained orosomucoid from following
sources: 1, normal human plasma; 2, effusion caused by
cirrhosis (case 50); 3, normal human plasma; 4, effusion
caused by carcinoma of the breast (case 50); 5, effusion
caused by carcinoma of pancreas (case 75); 6, effusion
caused by carcinoma of lung (case 24).

Rovestad et al. (10) and Spak (11). Statistical analysis
of this topic is provided in the Appendix.

Plasma orosomucoid is a mixture of five isomers
with identical amino acid and carbohydrate compo-
sitions (12). The isomeric aspects of effusion oro-
somucoid were not studied. Orosomucoid isolated
from benign effusions was normal in both amino acid
and carbohydrate composition. The glycoprotein iso-
lated from 14 malignant effusions also possessed a
protein moiety with normal amino acid contents, but in
11 of the 14 preparations, the structure of the carbo-
hydrate side chains was abnormal. The abnormality
consisted of subnormal content of sialic acid (11 of 14),
hexose (10 of 14), and hexosamine (3 of 14), or ab-
normally high content of hexosamine (4 of 14). The
wide variations in ratios of the three types of carbohy-

drate in neoplastic orosomucoid (Table II) suggest
multiple abnormalities in the carbohydrate side chains,
of which seven are normally present in each molecule
of the glycoprotein (13). Qualitatively similar changes
were previously observed (2) in the orosomucoid that
accumulates in these patients’ plasma, but the abnormali-
ties in the effusion’s glycoprotein tend to be greater.
This tendency can be explained by assuming that oroso-
mucoid in both plasma and effusion of patients with ad-
vanced neoplastic disease is a mixture of (a) normal gly-
coprotein produced by liver and (&) abnormal glycopro-
tein produced by tumor, and that the ratio of (&) to (a)
is higher in effusion than in plasma. Since neoplastic ef-
fusions are removed in liter quantities from affected pa-
tients, and contain high concentrations of orosomucoid
with abnormal carbohydrate composition, these fluids will
provide a useful source for further investigation of the

“cancer-related alteration in the glycoprotein’s structure.

Because orosomucoid preparations isolated from neo-

vplastic effusions differ from normal in their carbohy-

drate content, we have concluded that these fluids con-
tain orosomucoid with abnormal carbohydrate side
chains. Alternative explanations could be: (a) orosomu-
701
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F1GurRe 4 Relation between concentration of orosomucoid
and (diameter) * of precipitin ring in radial immunodiffu-
sion against rabbit antiserum to normal human plasma
orosomucoid. Each 'point shows av*+SE of four measure-
ments. The nine orosomucoid preparations were derived
from the following sources: @. normal human plasma; b.
effusion caused by cirrhosis (case 3) ; c. effusion caused by
cirrhosis (case 4) ; d. effusion caused by heart failure (case
17) ; e. effusion caused by carcinoma of the lung (case 24) ;
f. effusion caused by lymphoma (case 36); g. effusion
caused by carcinoma of the ovary (case 60); h. effusion
caused by carcinoma of the breast (case 50); 4. effusion
caused by carcinoma of the pancreas (case 75). P value was
calculated for difference in slope between line “a¢” and each
other line (20). P was > 0.05 for b, ¢, d, e, and f. For
g, h, and 4, P was < 0.05, <0.02, and <0.02, respectively.
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TasBLE II
Carbohydrate Content of Orosomucoid Preparations from Normal Human Plasma and from 26 Effusions

Source Yield Sialic acid Hexose Hexosamine
mg/100 ml 8/100 g orosomucoid
Normal human plasma 63+£10* 12.44+0.7* 14.940.8* 15.0+0.7*
Case 3, cirrhosis - 15 13.3 14.5 14.8
Case 4, cirrhosis 17 11.8 13.9 15.1
Case 5, cirrhosis 28 12.6 16.2 15.3
Case 6, cirrhosis 12 13.4 14.7 16.2
Case 17, heart failure 34 119 16.3 14.4
Case 18, heart failure 29 13.6 14.7 16.3
Case 19, heart failure 38 12.2 14.3 15.7
Case 20, heart failure 52 12.8 13.9 14.0
Case 24, carcinoma of the lung 116 8.3 12.4 14.8
Case 25, carcinoma of the lung 130 7.2 10.3 18.0
Case 36, lymphoma 150 10.4 14.9 17.8
Case 38, lymphoma 86 12.6 15.2 14.3
Case 40, lymphoma 92 111 10.7 13.2
Case 45, carcinoma of the breast 131 7.3 8.5 13.8
Case 50, carcinoma of the breast 210 8.0 9.3 15.5
Case 57, carcinoma of the breast 190 8.5 12.9 18.6
Case 60, carcinoma of the ovary 87 6.3 15.4 19.0
Case 61, carcinoma of the ovary 167 10.3 13.9 14.9
Case 74, carcinoma of the pancreas 140 12.7 13.6 14.9
Case 75, carcinoma of the pancreas 119 8.0 9.9 16.1
Case 76, carcinoma of the pancreas 89 9.4 11.7 12.0
Case 77, carcinoma of the pancreas 175 11.7 14.8 14.0
Case 94, tuberculosis 62 11.9 15.0 14.9
Case 97, lupus erythematosus 50 12.7 13.1 16.3
Case 100, rheumatoid arthritis 74 11.5 14.2 15.0
Case 102, idiopathic pleuropericarditis 40 11.8 13.5 14.6

* Av+SD, 7 = 10.

coid was chemically altered during isolation; (b) oroso-
mucoid preparations contained non-orosomucoid contami-
nants. Normal carbohydrate composition of orosomu-
coids isolated in same way from nonneoplastic effusions
(Table II) makes (a) unlikely. Normal amino acid com-
position of neoplastic orosomucoid preparations, and fail-
ure of electrophoretic and immunologic tests to detect
contaminants in these preparations (Figs. 2 and 3),
militate against explanation (b).

Mobility of a protein in acrylamide gel electrophore-
sis is determined by electric charge and molecular size.
At pH 89 in 7.5% acrylamide gel, normal orosomucoid
migrates nearly as rapidly as the marker dye or buffer
front (Fig. 2). Subnormal carbohydrate content could
influence mobility in two ways: reduced complement of
negatively charged sialic acid residues will tend to re-
tard migration towards anode, while decreased molecu-
lar size will accelerate this movement. In fact, orosomu-
coids of differing carbohydrate content (Table II) mi-
grated at closely similar rates (Fig. 2). Possibly, under
different conditions of gel concentration and pH,
whereby normal orosomucoid is retarded to a greater
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degree with respect to buffer front, differences in mo-
bility correlated with sialic acid content and molecular
weight may be demonstrable. Thus, acrylamide gel elec-
trophoresis at pH 2.7, but not at 8.9, showed nonidenti-
cal patterns for plasma orosomucoids with differing
carbohydrate composition (2).

Concentration of orosomucoid, a significant diagnostic
feature in examination of effusions (Appendix), can
be rapidly measured by radial immunodiffusion. But the
structural abnormality of orosomucoid in most malig-
nant effusions reduces its reactivity with antiserum to
normal human plasma orosomucoid (Fig. 4). There-
fore values for orosomucoid in these fluids measured by
radial immunodiffusion (Table I), with normal hu-
man plasma orosomucoid as standard, are falsely low
by 10-40%. The extent of this error can be estimated
by testing the effusion in radial immunodiffusion at
several concentrations, and comparing the slope of the
line relating concentration to the square of the diam-
eter of the precipitate area with that of the standard
glycoprotein (Fig. 4).

Rudman, Chawla, Del Rio, Hollins, Hall, and Conn



The characteristic feature of malignant effusions in
gel filtration is enlargement of peak b (Fig. 1). Only
about 209 of this increment stems from orosomucoid;
the nature of the remainder is unknown. Accumulation of
peak b materials may be of clinical significance because
one mass unit of this material (mol wt 30,000-50,000)
possesses 2-3 times more colloid osmotic activity than
a mass unit of plasma proteins (av mol wt about 100,-
000). In neoplastic effusions, the area under peak b
ranged from } to % that under peak a (Fig. 1). If mass
is proportional to area, the colloid osmotic activity of
a unit weight of protein in neoplastic effusions is 50—
1009% greater than that in benign effusions. Such ab-
normally high osmotic activity of proteins in neoplastic
effusions will accelerate entry of H:=O into the involved
synovial cavity. Thus, accumulation of peak b material
may play a role in the formation of malignant effusions
and in their tendency to reaccumulate rapidly after
paracentesis.

Carbohydrate-containing proteins and lipids are prom-
inent constituents of cellular plasma membranes and
glycocalyces (14, 15). “Ektobiologic” properties of cells
such as contact inhibition, adhesiveness, and “homing”
capacity may be determined in part by these carbohy-
drate-rich molecules (14-16). Glycolipids in some neo-
plastic cells are deficient in carbohydrates, perhaps be-
cause of abnormality in activity of glycosyl transferases
(17, 18). Enzymes of this type also participate in bio-
synthesis of glycoproteins (13-15). Circulating gly-
coproteins, normally produced largely in the liver, may
in tumor-bearing animals also be secreted into body
fluids by neoplastic cells (8, 9, 19). These considerations
suggest that the accumulation of orosomucoid with ab-
normal carbohydrate side chains in body fluids of pa-
tients with disseminated cancer (ref. 2 and present
study) may be related to invasive properties of neo-
plastic cells in the patients under consideration.

APPENDIX

The utility of the various concentrations or indices for
characterizing neoplastic and nonneoplastic noninflam-
matory effusions can be compared by the multivariate
statistical techniques of discriminant analysis (21).
Briefly, discriminant analysis permits the classification of
individuals (effusions) into two or more groups (in this
case two groups, neoplastic and nonneoplastic noninflam-
matory) in terms of one or more variables (total pro-
tein, albumin, etc.). The purpose of such an analysis is
to find a discriminant function: that is, a linear combina-
tion of the variables that will maximally differentiate
between the two types of effusion. For example, con-
sider the following four variables measured in the units
of Table I: #: = albumin, xs = as-globulin, xs = y-globu-
lin, and #y = orosomucoid concentration. The statistical

TasLE 111
Classification of Effusions by a Four-Term Linear Discriminant

Diagnostic classification

Discriminant classification N éoplastic Benign
Neoplastic 50 0
Nonneoplastic

noninflammatory 6 22
Total 56 22

problem is to find the linear combination, ar x1 + az xs +
as xs+ as x;, which produces the “best” discriminant.
The values for ai, as, as, and a4, are estimated from the
data; substituting the value of the four original vari-
ables (&1, x4, #s, and #4) for each effusion into this equa-
tion then produces a new variable that is a linear combi-
nation of the originals. The difference between the av-
erage values of this new variable for the nonneoplastic
noninflammatory and neoplastic groups will be a maxi-
mum, in the sense that no other linear combination of
these four variables can produce better separation or
discrimination of the two groups. Furthermore, a par-
ticular value of the discriminant function can be used
as a cut-off point for classifying subsequent effusions.
That is, new measurements on an unclassified effusion
can be substituted into the discriminant equation and,
depending on whether the resulting value is less or
greater than the specified cut-off point, the effusion is
classified as nonneoplastic noninflammatory or neo-
plastic. The probability of correct classification may
also be computed. All computational aspects of the dis-
criminant analysis of the present data were performed
with the aid of the UCLA Biomedical Computer Pro-
gram BMDO7M (22).

For the present data, the linear discriminant for the
four variables mentioned above is 0.65x:4 7.43x: —
5.00xs + 0.06x5. The correctness of classification of ef-
fusions by this equation can be conveniently summarized
in Table III. In this case, 50 of the 56 neoplastic effusions
were correctly classified by the linear discriminant; all
22 of the nonneoplastic noninflammatory effusions were
correctly classified. (Note: Only 78 patients were used in
this analysis; two patients weré excluded because of mis-
sing observations on one of the variables.) In fact, among
the seven variables (total protein, albumin, a1, a2, 8, and
v-globulins, and orosomucoid) that could be included
in a discriminant analysis, the four (albumin, a5 and
v-globulins, and orosomucoid) used in the above example
provide the best discriminant function based on a step-
wise procedure (22). No further improvement in dis-
crimination can be achieved by adding e: and B-globu-
lins or total protein to the discriminant analysis.
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TaBLE IV
Classification of Effusions as Benign, Noninflammatory, or Neoplastic by Discriminant Analysis
on Individual Variables, Selected Ratios, and a Linear Combination of Variables

Diagnostic classification Discriminant classification

Variables

1 2 3 4 5 6 7 8 9 10 11

Neoplastic
Benign noninflammatory
Benign noninflammatory
Neoplastic

Neoplastic
Neoplastic
Benign noninflammatory
Benign noninflammatory

Total

32 31 39 41 27 39 41 47 48 41 50
24 25 17 15 29 17 15 9 8§ 15 6
15 18 13 16 15 8§ 21 14 22 20 22

7 -4 9 6 7 14 1 8 0 2 0

78 78 78 18 78 78 I8 78 78 18 78

Variables are identified as follows: 1, Total protein; 2, Albumin; 3, a;-globulin; 4, as-globulin; 5, g-globulin; 6, y-globulin;
7, (a1 + a2)/v; 8, v/total protein; 9, orosomucoid; 10, orosomucoid/total protein; 11, the four-term linear discriminant 0.65
(albumin) + 7.43 (as-globulin) — 5.00 (y-globulin) 4 0.06 (orosomucoid).

The ability of individual variables, or of selected
ratios of variables, to discriminate between the two types
of effusion can also be examined in the above fashion.
In such cases. the statistical problem is simplified, in
that classification is based on the means of the single
variable for each group. A particular observation is
~ classified according to its “closeness” to one or the other

group mean after appropriate standardization of the
scale of measurement. Each of the seven individual vari-
ables and, in addition, the ratios (e + az)/y-globulin,
v-globulin/total protein, and orosomucoid/total protein
were examined in this fashion. The correctness of clas-
sification for each of these 10 possibilities is summarized
in Table IV.

Clearly, variable 9, orosomucoid concentration, is
the best single variable among the first 10 possibilities
for classifying effusions into nonneoplastic noninflam-
matory and neoplastic categories; 48 of the 56 neoplastic
effusions and all 22 nonneoplastic noninflammatory ef-
fusions were correctly classified by this variable alone.
The linear discriminant with four variables (column 11)
did only slightly better. The ratio of (ex -+ az)/y-globu-
lin (variable 7) correctly classified 49 of 56 neoplastic
effusions and 21 of 22 benign noninflammatory effusions.
In decreasing order of discriminatory value, the ratios
v-globulin/total protein and orosomucoid/total protein
were next, with each correctly classifying 61 of the 78
effusions, followed by es-globulin alone (57 of 78 cor-
rect) and ending with B-globulin alone (42 of 78 cor-
rect). The other variables or ratios were intermediate
in their discriminatory value.

Hence, from the perspective of discriminant analysis,
orosomucoid concentration stands out as a particularly
useful measurement for discriminating between neo-
plastic and benign noninflammatory effusions. Very
little improvement in discrimination was achieved by
adding other variables to a discriminant function.
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