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Lactate dehydrogenase activity in the diagnosis
of malignant effusions

J. E. HORROCKS, J. KING, A. P. B. WAIND, AND J. WARD

From The North Lonsdale Hospital, Barrow-in-Furness, Lancashire

SYNOPSIS Enzyme assays in a series of 38 cases of pleural effusion and in 10 cases of ascites
associated with malignant lesions and of 24 of pleural effusion and of five of ascites of benign origin
do not support the suggestion that the estimation of the fluid lactate dehydrogenase serum ratios
in pleural and peritoneal effusions is of value in the diagnosis of malignancy.

The original discoveries of Warburg (1913) indicated
that cancer cells differ from normal cells in that their
respiration is irreversibly impaired. The consequent
lack of energy from this source is compensated for
by an increase in anaerobic glycolysis. Little clinical
diagnostic use had been made of this discovery until
Hill and Levi (1954) and Hill (1955) showed that
the activity of lactate dehydrogenase, the end enzyme
in the glycolysis pathway, is raised in the serum of
some patients with neoplastic disease. Hill (1956)
later reported that sarcoma cells exhibit high
activity of lactate dehydrogenase, and when sus-
pended in isotonic saline solution contribute con-
siderable activity to the fluid medium. In this respect
they differ from erythrocytes which also possess
high lactate dehydrogenase activity but which when
similarly treated do not cause enzyme activity to
appear in the salt solution.
On the basis of this work Wroblewski (1957)

likened pleural and peritoneal fluids containing
malignant cells to cultures of cancer cells in vivo
and postulated that these cells would also contribute
lactate dehydrogenase activity to the fluid surround-
ing them. He pointed out that under these circum-
stances one would expect serous effusions contain-
ing, or in contact with, malignant cells to have
greater lactate dehydrogenase activity than that of
the serum derived from the same individual, and con-
versely that activity in a non-malignant effusion
would be less than that of the corresponding serum.
The difference in activity between serum and
effusion in the same individual was explained as
being due to the globulin nature of lactate dehydro-
genase, which does not readily pass serous mem-
branes. Although he produced a series of cases in
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support of this hypothesis, Wr6blewski observed
that 'considerable extension of the study of lactate
dehydrogenase activity and other enzymes of serous
effusions is necessary before a definitive conclusion
can be reached regarding the reliability of the
chemical technique for the characterization of
effusion as either benign or malignant'.
Our work was begun late in 1958 as a contribution

to this study, and we record our results in the pre-
sent communication.

METHODS AND MATERIALS

Lactate dehydrogenase (King, 1959; 1960b), malate
dehydrogenase (King, 1961), glutamate-oxalacetate
transaminase (GO-T), glutamate-pyruvate tran-
saminase (GP-T) (King, 1960a), and alkaline
phosphatase (King and Wootton, 1956) were
estimated by colorimetric procedures. Lactate
dehydrogenase assays were invariably carried out in
duplicate and on numerous occasions repeat esti-
mations were performed, not only where results for
fluid and serum were similar but as checks on the
stability of the enzyme. This was necessary because
on some occasions it was not practicable to under-
take enzyme assays until several days after the
specimens were obtained. Fluids from pleural and
peritoneal effusions were obtained by the usual
methods of paracentesis and the sera by vene-
puncture within the same hour. All haemolysed
specimens were excluded from the study, and also
fluids which were not considered to be effusions in
the true sense. In the latter category were a chylous
pleural effusion and a peritoneal fluid which was
found to be the contents of a ruptured ovarian cyst.
Most specimens were obtained from patients in

the Barrow and Furness group of hospitals, but a
number were submitted by the kindness of physicians
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from other hospital groups in Lancashire who
knew of our interest in this subject.
The question of including serial specimens from

the same patient was considered but it was observed
that the relationship between the lactate dehydro-
genase of serum and effusion tended to remain
constant for each individual. Under these circum-
stances it is clear that an investigator could weigh
his results as desired by including in his series
numerous estimations from suitable cases. In order
to eliminate this source of criticism only the first
assay is included from any individual. With this
provision and the few exceptions previously noted,
all specimens received were included in the series
and there was no further selection.
With regard to diagnosis it was not difficult in

almost every case of malignant pleural effusion to

Case Sex and Serum
No. Age Lactate

Dehydro-
genase
(i.u.)

Fluid
Lactate
Dehydro-
genase
(i.u.)

reach a conclusion based upon histology, and in fact
in only two such cases were radiological criteria
alone used. In all cases of malignant ascites, tumour
cells were found in the fluid or macroscopic evidence
of tumour was seen at laparotomy. Finally, it is
known that every patient included in the malignant
series is now dead.

It must be admitted that the diagnosis of benign
effusions may lack the precision possible in the case
of malignant ones. This is because in self-limiting
and transitory disorders it is usually necessary to
rely on clinical assessment and radiological and
bacteriological methods rather than histology.
Nevertheless, the identification of the benign nature
of cases in these series, using generally accepted
diagnostic criteria, has been on the whole successful,
since of all such patients only four have died, two

TABLE I
MALIGNANT PLEURAL EFFUSIONS

Lactate Malate GO-T GP-T Alkaline
Ratio Ratio Ratio Ratio Phos-

phatase
Ratio

Diagnosis

M
M
M
F
M
M
F
F
M
M
F
M
M
M
M
M
M
M
M
M
F
F
M

46

53
62
64

71
55
63
75
57
65
65
73
57
61
51
76
73
54
43
47
78

82
273
189
240
465
255
110
82
167
123
355
207
217
167
745
130
123
97
392
64
345
123
237

142
137
370
767
945

1,455
219
40
375
273
380
180
111
240
780
91
292
78
123
132
231
73

237

24 M 55 154 154

M 34 100
M 57 89
M 66 300

M

M

M

M

M

M

M

M

M

M

38 M

65
54
68
69
45
69
68
45
77
67

305
142
270
265
151
243
261
167
415
418

180
305
243

1,455
292
325
360
123
123

>2,500
1,130
542
123

705 1,180

'A + indicates that fluid/serum enzyme activity is greater than 1.

+ 1 + _ _ Carcinoma lung
- - - Carcinoma stomach

+ + - - - Carcinoma lung
+ + - - - Carcinoma breast
+ + - - - Carcinoma lung
+ - - Carcinoma lung
+ + - - - Carcinoma lung
- - - - - Carcinoma breast
+ - - - Carcinoma lung
+ - - - Carcinoma lung
+ + Carcinoma lung
- - - - - Carcinoma lung
- - - - - Carcinoma lung
+ + - - - Carcinoma lung
+ - - - Carcinoma lung
- - - - - Carcinoma lung
+ Carcinoma lung
- - - - - Carcinoma lung
- - - - - Carcinoma lung
+ + - - - Carcinoma lung
- - - - - Carcinoma lung
- - - - - Carcinoma stomach
-- - - Hypernephroma with

pulmonary secondaries
---- Carcinoma lung

(malignantcellsinfluid)
+ - - Carcinoma lung
+ + - - Carcinoma sigmoid
- - - - - Carcinoma lung

(malignantcellsin fluid)
+ + - - - Carcinoma lung
+ + - - - Carcinoma lung
+ + - - -- Carcinoma lung

+ - - - Carcmoma lung
- - - - - Carcinoma lung
- - - - - Carcinoma lung
+ + - - - Carcinoma lung
+- - - Carcinoma lung

+ + - - Carcinoma lung
- - - - - Carcinoma lung

(malignantcellsin fluid)
+ + - - - Carcinoma prostate

with secondaries
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2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

25
26
27

28
29
30
31
32
33
34
35
36
37
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from cirrhosis of the liver and two from heart
failure.

RESULTS

The results of all enzyme assays are expressed in
international units (King and Campbell, 1961).
However, for present purposes only the ratio of
fluid enzyme activity to serum enzyme activity is
important and this will be referred to subsequently
as 'the ratio'. When this ratio is greater than unity,
that is, the fluid activity exceeds the serum activity,
the ratio may be said to be 'positive' and the
pattern 'malignant'.
The series has been divided into pleural and ascitic

effusions and further subdivided into malignant and
benign lesions. The results obtained in the study for
each group are presented in detail in Tables I to IV.

LACTATE DEHYDROGENASE ESTIMATIONS In the first
group (Table I) there are 38 cases of malignant
pleural effusion. In 18 of these the serum lactate
dehydrogenase activity exceeded that which is con-
sidered normal (70 to 230 i.u.) and in 25 the ratio
was positive. There is no correlation between raised
serum lactate dehydrogenase activity, and a positive
ratio. Three fluids which were cytologically malignant
exhibited an activity less than that of the correspond-
ing serum.

In the group of benign pleural effusions (Table II)
there are 24 cases, seven of which had raised serum
lactate dehydrogenase activity, and no less than 16

Case Sex and Serum
No. Age Lactate

Dehydro-
genase
(i.u.)

Fluid
Lactate
Dehydro-
genase
(i.u.)

presented a positive ratio. Eight of the 10 patients
in this group suffering from pulmonary tuberculosis
had 'malignant' ratios.

Table III details results on 10 cases of malignant
ascites, of which four have increased serum lactate
dehydrogenase activity and seven a positive ratio.
The highest serum and fluid lactate dehydrogenase
activities recorded in this series were obtained in the
case of seminoma of the testis. One of the three
cases with a negative ratio was cytologically
malignant.
There are only five cases of benign ascites in this

series and these are detailed in Table IV. Two had
increased serum lactate dehydrogenase activity and
only one gave a positive ratio.

OTHER ENZYMES In 70 cases GP-T assays were
performed and in 58 cases the alkaline phosphatase
was estimated. In every one of these the serum
enzyme activity was greater than the fluid enzyme
activity for all four groups. The GO-T ratio was
determined in 72 cases in all; the 35 malignant
pleural effusions and four benign ascitic fluids so
assayed gave negative ratios. One synpneumonic
pleural effusion and one case of empyema gave a
positive ratio and three of the nine cases of malignant
ascites in which this enzyme was determined also
had a ratio greater than unity. These three cases
were all cytologically malignant.

Malate dehydrogenase was assayed in the effusion
fluid and serum of 58 cases in this series and in every

ILE II
BENIGN PLEURAL EFFUSIONS

Lactate Malate GO-T GP-T Alkaline
Ratio Ratio Ratio Ratio Phos-

phatase
Ratio

Diagnosis

- Tuberculous effusion
- Synpneumonic effusion
- Tuberculous effusion
- Synpneumonic effusion

Synpneumonic effusion
Pyopneumothorax

- Tuberculous effusion
Synpneumonic effusion

- Tuberculous effusion
- Tuberculous effusion

Pulmonary embolus
- Heart failure
- Empyema
- Heart failure
- Tuberculous effusion
- Tuberculous effusion
- Tuberculous effusion

Empyema
- Heart failure

Synpneumonic effusion
- Synpneumonic effusion
- Tuberculous effusion

Traumatic effusion
Tuberculous effusion

59

+2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

M
M
F
M
M
M
M
M
M
M
M
M
M
F
M
M
M
M
F
F
F
M
M
M

35
47

53
53
55
43
60
61
40
53
53
51
67
14
28
51
28
71
66
60
56
is
58

470
255
180
210
151
225
455
154
82
142
105
305
180
327
243
167
110
91
89
73

267
167
167
97

825
437
345
180
237
930
342

2,250
485
817
97
305

>2,500
64

970
219
58

867
58

780
154
335

1,455
665

+

+
+

+

+

_±
+

+

+
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TABLE III
MALIGNANT ASCITIC FLUIDS

Case Sex and Serum
No. Age Lactate

Dehydro-
genase
(i.u.)

Fluid
Lactate
Dehydro-
genase
(i.u.)

Lactate Malate GO-T GP-T Alkaline
Ratio Ratio Ratio Ratio Phos-

phatase
Ratio

+ + 4 _

+ +
+
+

+

_ +

+
+_

+r + _

Carcinoma peritonei
Carcinoma peritonei
Seminoma of testes
Carcinoma peritonei
Carcinoma peritonei
Carcinoma peritonei
(malignantcellsinfluid)
Carcinoma ovaries
Carcinoma peritonei
Carcinoma colon
Carcinoma peritonei

Case Sex and Serum
No. Age Lactate

Dehydro-
genase
(i.u.)

2
3
4
5

M 63
M 41
F 47
F 81
F 44

237
132
305
89

367

Fluid
Lactate
Dehydro-
genase
(i.u.)

60
45
73

237
58

TABLE IV
BENIGN ASCITIC FLUIDS

Lactate Malate GO-T GP-T .41kaline
Ratio Ratio Ratio Ratio Phos-

phatase
Ratio

+ +

one of these instances the malate dehydrogenase
ratio agreed with the lactate dehydrogenase ratio.

DISCUSSION

The first publication which included clinical evidence
of the diagnostic value of estimating lactate dehydro-
genase in serous effusions was that by Wroblewski
(1957) in which he presented three series of cases.
The first was of 50 pleural and peritoneal effusions
associated with non-neoplastic states in which the
fluid was invariably less than the serum lactate
dehydrogenase. The second was of nine patients
with fluids containing neoplastic cells in which the
fluid was greater than the serum lactate dehydro-
genase, and finally a series of six cases of malignant
effusion not containing neoplastic cells, all of which
showed a benign pattern.
A further paper by Wroblewski and Wroblewski

(1958) presented four series of results in support of
his hypothesis. First, 27 specimens of pleural and
peritoneal fluid from 22 patients with benign
disease in which in all instances the lactate dehydro-
genase ratio was less than 1. Secondly, 26 specimens
from 21 patients with pleural effusions associated
with neoplastic states and in which neoplastic or
abnormal cells were found in the fluid. In each of
these cases the lactate dehydrogenase ratio was

greater than 1. Thirdly, specimens of pleural fluid
from 10 patients with neoplastic disease in which
the fluid was devoid of malignant cells and in each
the lactate dehydrogenase ratio was less than 1.
Finally, there was a series of four pleural effusions,
two from cases of Hodgkins disease, one from a case
of carcinoma of the breast, and one from a patient
with pulmonary tuberculosis, in which, although no
malignant cells were present, all showed a lactate
dehydrogenase ratio greater than 1.
These series demonstrated that benign effusions

almost invariably have a lactate dehydrogenase ratio
less than the corresponding serum and the only excep-
tion to this rule was the one case ofpulmonary tuber-
culosis. All cases of malignant effusions containing
malignant cells were found to have a higher lactate
dehydrogenase content in the fluid than in the serum,
and in a few cases of malignant effusions without
neoplastic cells a similar ratio was observed. Most
cases of malignant fluids without malignant cells,
however, demonstrated a benign pattern. On the basis
of these results he suggested not that the test is
invariably positive in malignant effusions but that
when it is positive the fluid is likely to be a malignant
one, and as a complementary test to cytological
examination of the fluid it is likely to be of value.

Kirkeby and Prydz published their findings

2
3
4
5
6

7
8
9
10

F

M
MF

F
F
FF
F
F

69
46
33
56
70
77

67
85
71
57

Diagnosis

117
380

2,500
305
123
219

315
82

119
64

517
467

7,000
480
97
82

142
1,320
267
154

Diagnosis

Cirrhosis of liver
Cirrhosis of liver
Heart failure
Cirrhosis of liver
Tuberculosis
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regarding lactate dehydrogenase activity in serum
and pleural or peritoneal effusions from 45 patients
in 1959. In 22 with malignant effusion six had
higher lactate dehydrogenase values in the serum
than in fluid and this included three fluids containing
malignant cells. In 25 patients with benign effusions
they found higher values in the fluid than in the sera
in five instances. They suggest that high fluid values
tended to occur in pulmonary embolus and also in
inflammatory effusions, whereas transudates were
characterized by low enzyme values. They consider
that 'determination of lactate dehydrogenase activity
of effusions has very little value as regards differential
diagnosis of malignant disease'.

de Torregrosa (1959) investigated 19 patients with
benign pleural and peritoneal effusions, in only one
of which the fluid was greater than the serum lactate
dehydrogenase (a tuberculous effusion), and 11
patients with malignancy, only two of whom showed
a higher serum than fluid lactate dehydrogenase
pattern; these two were the only two malignant
effusions which did not contain malignant cells. He
concluded that the test is of great assistance in the
elucidation of this diagnostic problem.

Finally, Jagt and Larsen in 1960 studied 53
patients with ascites, and in 51 % of 35 malignant
cases found that the lactate dehydrogenase activity
in the fluid exceeded that in the serum. Forty-five per
cent of these fluids contained malignant cells.
Curiously enough there was little relationship be-
tween the two groups with only 5% overlap. The two
methods together gave a positive diagnosis in 77% of
cases of malignant fluids. In 18 benign fluids all had
fluid lactate dehydrogenase values less than serum,
and they thought that this absence of false positives
might he due to the lack of inflammatory aetiology
in ascites. They mention in passing that they have
studied lactate dehydrogenase activity in pleural
effusions and that in general inflammatory effusions
tend to give a lactate dehydrogenase ratio greater
than 1. Their conclusion is that a ratio of more than
1 suggests that an ascitic fluid is malignant whereas
a ratio lower than 1 does not rule out malignancy.
The results of the present study, which show one-

third false negatives in both malignant pleural
effusions and ascites, including four cases where
neoplastic cells were present in the fluid, are in
agreement with the figures reported by Kirkeby and
Prydz (1959). However, our figures for benign pleural
effusions show an even greater number of false
positives than do those of these authors, amounting
to two-thirds of the total. This may be due to the
larger number of inflammatory effusions in the
present series. With regard to inflammatory effusions,
80% showed a ratio greater than I and the highest
lactate dehydrogenase values were obtained from

three purulent fluids. Indeed it is readily noted that
in both malignant and non-malignant effusions the
percentage giving a positive result is almost identical.
The number of cases of benign ascites presented in
this study is too small to draw any inferences.

It is of interest to note the remarkable similarity
in results between assays of lactate and malate
dehydrogenase activity. Malate dehydrogenase, how-
ever, is not a glycolytic enzyme but functions in the
Krebs' citric acid cycle and this fact prompted inves-
tigation of other fluid/serum enzyme ratios on later
specimens not presented here. It has been noted that
aldolase, another glycolytic enzyme, also contributes
positive ratios not always in agreement with the
lactate dehydrogenase ratio, and in a few cases in
which isocitrate dehydrogenase, a citric acid cycle
enzyme, has been assayed, positive and negative
ratios agreeing with the lactate and malate dehydro-
genase ratios have been obtained. Clearly the pro-
blem is not one of increased glycolysis alone, nor of
malignancy per se, but might well be related in a
non-specific way to that increased permeability of
the cell membrane which precedes its dissolution.

CONCLUSIONS

Most malignant and inflammatory benign effu-
sions exhibit a higher lactate dehydrogenase activity
than the corresponding blood plasma.
The presence or absence of neoplastic cells in the

effusion fluid does not correlate with its lactate
dehydrogenase activity nor with the fluid/serum
enzyme activity ratio.

Such transudates as have been studied have given
low fluid/serum ratios.
The assay of lactate dehydrogenase activity of

effusions has no value in the diagnosis of malignancy.

We thank the many physicians who have kindly presented
us with specimens, and in particular we gratefully acknow-
ledge the assistance of Dr. L. Capper, Dr. J. R. Edge,
Dr. M. R. Geake, Dr. W. H. Helm, Dr. L. W. Carstairs,
Dr. R. Stalker, Dr. J. C. P. Weber, and Dr. F. H.
Yates in reaching the final diagnoses of patients under
their care.
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