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Abstract-To determine whether creatine kinase-BB isoenzyme would be use& in detecting 

central nervous system metastases secondary to breast cancer, we measured the cerebrospinnl,fluid 

(CSF) activity of creatine kinase (CK) and its BB isoenzyme (CK-BB) in 65 consecutiz~e patients 
suspected of having CNS involvement. 

All patients underwent neurological evaluation, computer tomography (Cn scan and/or 
radionuclide scintigraphy and lumbar puncture Lelith CSF examination. 

Thirty patients had CNS metastases, of whom 18 had parenchz’mal brain metastases (.MET). 
Tulelve had leptomeningeal carrinomatosis (MC), of whom four also had parrnchymal brain 
metastases. Thirty-four patients were concluded not to have C+rS involvement, rrhereac one n’as 
considered equivocal. 

CK-BB activity was sigrnficantly higher in patients with CVS metastases than in those zr)ithout 
(P < 0.05). This difference toas primarily related to the fact that patients with .MC had a 
sign@antly higher CK-BB activity than patients without CIVS metastases or patients with 
parenchymal brain metastases onJy (P < 0.01 and P < 0.05, respective!y), Taking 0.20 U/1 as 
a tentative cut-off value (the upper limit range of patients tbithout CNS metastases being 0.19 
U/l), 10 out of 12 patients with MC had activities above this level. The sensitir~ity and specrfiii~ for 
having MC were 83% and 87%, and the positive and negatille predictive z,alues 60% and 96%. 
respectively. The sensitiuitv and negative predictir,e r#aluefor harming any C1i.S metastase., u’ere 57% 
and 72%. Spectficity andpositioe predictive value: 100%. The CSF artirlity of CR-BB appears to 
be a contribution in the diagnosis of MC secondary to breast cancer and seems superior to protein 
and LDH. 

INTRODUCTION 
CANCER OF THE BREAST is the most common form of 
malignant disease in women [ 11. Untreated, the 
mean survival is approximately 2 l/2 years from 
the diagnosis, and 70-80% of patients will die from 
their disease [2]. 

Metastatic spread to the CNS has in recent years 
been reported with increasing frequency, presum- 
ably due to longer survival time and better diagnos- 
tic procedures. Howcvcr, CNS mctastases second- 
ary to breast cancer remain undetected until 

Accepted 25 ,July 1989. 
This study was supported hy Grant No. 82/l from The Danish 
Hospital Foundation for Mrdical Research, region of Coprn- 
hag-en, Faeroe Islands and Greenland and The Foundation for 
Experimental Research in Neurology. 
Reprint requests and corrcspondencr to: Flemming Bach M.D.. 
Department of Oncology, University Hospital Herlev, 2730 
Herlev, Copenhagen, Denmark. 

autopsy in nearly 35% of cases [3-71, and in 10% 
of patients CNS symptoms may be the first manifcs- 
tation of the malignant disease or recurrence 17, 
lo]. Leptomeningeal carcinomatosis is diagnosed 
in 5% of patients with breast cancer in I&, and 
autopsy studies have yielded a rate ofapproximately 
10% [7-l 11. Thus new diagnostic methods arc 
needed to improve our ability to diagnose parenchy- 
ma1 and meningeal CNS metastases. 

In the search for better diagnostic methods, vari- 
ous biomarkcrs have been determined in the CSF 
of patients with CNS metastases secondary to a 
v.aricty of malignant diseases [12-l 71. CK-BB iso- 
enzyme activity has been reported as significantly 
elevated in the CSF in patients suffering from lcpto- 
mcningeal carcinomatosis secondary to small cell 
lung cancer [18] and in patients with CNS metas- 
tascs secondary to a variety of other malignancies 
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The aim of the present study is to evaluate 
whether CK-BB activity in the CSF could be used 
as a diagnostic marker for parenchymal brain 
metastases or lcptomeningeal carcinomatosis sec- 
ondary to breast cancer. 

MATERIALS AND METHODS 
Between June 1985 and January 1988, the 

activity ofCK and its BB isocnzyme were measured 
in the CSF of consecutive patients suspected of 
having CNS metastases secondary to breast cancer. 

CSF was collected by lumbar puncture (LP) 
with the patient in the lateral recumbent position. 
Samples were immediately analyzed for protein, 
glucose, LDH (enzymatic reaction method, SMAC, 
upper limit level <80 U/l) and cell counts, and were 
evaluated cytologically after cytocentrifugation. 
CSF for CK and CK-BB were frozen and kept 
at -70°C until analysis. All analyses were made 
without knowledge of the clinical conclusion. 

Cytoplasmic or mitochondrial creatinc kinasc 
(CK) are dimcrs composed of two immunologically 
distinct sub-units, M and B. They exist in MM, 
MB and BB forms. The MM and MB isoenzymcs 
are predominant in skeletal and heart muscle, while 
the BB isoenzyme is localized mainly in brain and 
smooth muscle. In contrast to the pure muscle type 
creatine kinase isocnzymc (CK-MM) and the pure 
brain type isoenzyme (CK-BB), the mixed iso- 

enzyme (CK-MB) is not present in the CSF [20, 211. 

Therefore, we considered the activity ofCK-B equal 
to that of CK-BB. 

CK and CK-BB activities were determined 
through a bioluminescence assay using a CK-B 
kit [(NAC) No. 1243-101, LKB-Wallac, Turku, 
Finland], with a sample volume of 50 ~1. This 
permitted an increase in sensitivity of 2.5 compared 
with the standard use of a 20 ~1 sample volume 
(because of the linearity of light emission in the 
bioluminescence assay) [20]. 

Bioluminescence was measured at 25°C with 
luminometer 1250 (LKB-Wallac, Turk+ Finland). 
All samples were assayed in duplicate and the 
results were adjusted for adcnylatc kinasc activity 
and reagent blank. The coefficient of variation was 
6.6% in the total CK assay and 8.4% in the CK-B 
assay, determined by repeated assay of samples 
within the normal range of values for total CK and 
CK-B. The detection limit was 0.04 U/l. 

In order to minimize the number of undiagnosed 
CNS metastases, patients with only sparse neuro- 
logic symptoms were also submitted to neurological 
examination, computer tomography (CT) scan of 
the brain, and/or radionuclide scintigraphy and 
lumbar puncture. 

Post mortem examination of the brain was carried 
out whenever possible The cerebrum was cut by 
frontal sections in 0.5-l cm thick slices. The cere- 

bcllum, brainstem and pituitary gland were cut by 
horizontal sections in 0.4-0.5 cm thick slices. For 
histological examination, tissue was also taken from 
macroscopically suspicious areas. The tissue was 
stained with hematoxylin-eosin and periodic 
acid-Schiff stains (PAS). 

Based on these investigations and the clinical 
course, the patients were allocated into groups with 
or without metastatic spread to the CNS. 

Criteria for metastatic spread to the CNS: 
Parenchymal brain metktases (+ MET, -MC). A 
positive autopsy performed less than 1 month 
after the assayed lumbar puncture, or definite 
neurologic signs of CNS lesion combined with 

. 
a positive scan result, or suggestive ncurologi- 
cal signs of a CNS lesion combined with a 
positive scan and a clinical course compatible 
with CNS mctastases. 
Meningeal carcinomatosis (+ MC). Positive CSF 
cytology, or an autopsy with carcinomatous 
leptomeningitis (localized or diffuse) less than 
1 month after the assayed lumbar puncture. 

Patients having both parcnchymal and mcningcal 
metastases were allocated to the group with mcnin- 
geal carcinomatosis. 

Criteria for the exclusion ofCNS mctastases. 
1. - CNS metastases. A negative brain autopsy in 

patients who had no treatment of possible 
metastases after the assayed lumbar punc- 
ture. 

2. Prolonged survival (>6 months) in patients 
who had no CNS symptoms and no treatment 
directed against possible CNS mctastascs. 

Patients who did not qualify for either of the two 
main categories were considered equivocal and were 
excluded from the statistical evaluation. 

The Mann-Whitney test was used for the statisti- 
cal analysis of differences between the groups. In 
evaluating the diagnostic value of CK-BB, the ter- 
minology described by Gricncr et al. was applied 

P21. 

RESULTS 
Sixty-five consecutive patients suspected of hav- 

ing CNS metastascs were included. Thirty of these 
had CNS mctastases, 16 in the brain only, while 
two had spinal cord compression due to mctastatic 
spread (CK-BB 0.59 and 0.08 U/l, respectively) 
and 12 patients had meningeal carcinomatosis. 
Four of the patients with MC also had parcnchymal 
brain metastases. It was conclucd that 34 patients 
did not have CNS involvement, and one was con- 
sidered equivocal. 

The distribution of patients and CK-BB values 
are shown in Table 1 and Fig. 1. The median CSF 
CK-BB activity in the group of patients without 
CNS metastases was 0.09 U/l. None of the patients 
had activities exceeding 0.19 U/l, while the median 
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Table 1. CK-BB activip in the CSF according tu metastatic @read to the CNS in 64 patients 
with advanced breast cancer 

No. ol Median Kangc Tcntativc 

patients (U/II (U/I) rlrvatrd 

Any CM metastases 30 0.23 0.04-12.30 .5 / % 
Parenchymal brain mrtastascs 18 0.11 0.04- 0.83 31% 
Lcptomeningral carcinomatosis 12 0.49 0.08-12.30 8 3 “‘X0 

Ahsrncr ofCNS metastascs 35 0.09 O.O& 0.19 W” 

‘l‘rntative cut-off‘valuc: 0.20 U/l. 
*By drlinition. 

CSF CK-BB activity (U/L) 
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value in patients with MC was 0.49 U/l, with an 
upper limit of 12.3 U/l. If one WCS the upper range 
limit of patients without CNS mctastascs as a cut- 
ofT point (0.20 U/l), 83% of the patients with MC 
and 57% of the patients with any mctastatic spread 
to the CNS had CSF CK-BB activities above this 
Irvcl. Comparison of thcsr two groups with the 
group of patients without CNS mctastascs shows 
significant diffcrcnccs (P < 0.01, and P < 0.05 
rrspcctivcly). 

Furthcrmorc, Table 2 shows the distribution of 
total CSF CK. The median activities ofCK arc well 
correlated to that of CK-BB, and the median CK- 
BB/CK ratio is similar throughout the various 
groups of patients. il’ith a cut-off value of 0.20 U/l 
fix CK-BB, the sensitivity, specificity, positive and 
ncgati1.c prcdictivc values for having any CNS 
mctastasrs arc 57%, loo%, 100% and 72% resprc- 
tively (Table 3). 

\$‘hen evaluating the possibility ofdiscriminating 
betwrcn patients with MC and MET or no CNS 
mctastascs, only 39% of parcnchymal mctastases 
(MET) were dctectcd with this cut-off‘levcl, and a 
sensitivity of 83% was found when comparing MC 
V. MET or no mctastascs (Tab& 3 and 4). Taking 
thcsc values into account, one has to classify CK- 
BB lcvcls above 0.20 U/I as false positive for MC 
and MET rrspectivcly, when calculating the spcci- 
ficitics and positive prcdictivc \xlucs, and CK-BB 
lc~cls below 0.20 U/l as false ncgativc for MC and 
p\lET rcspcctivcly, when calculating the ncgativc 
prcdictivc values. As illustrated in Table 4, clc\,atcd 
CSF CK-BB activity is also suggcstcd to bc superior 
to CSF protein. LDH and glucose in diagnosing 

hlC. 
Since the cut-offpoint is arbitrarily set, WC cxam- 

incd the relative sensitivity and specificity at difrcr- 
rnt cut-off points and comparcd it to protein and 
LDH values. The rccci\.cr operating characteristic 
(ROC) curves of CK-BB, when discriminating 
bctwcrn patients with and without hlC, with and 
without MET, and bctwrcn the presence or abscncr 
of an) CNS mctastascs, arr illustrated in Fig. 2. 
Thcsc curves describr the corrclatcd true and f&c 
positi\rc rates for a scrirs of cut-ofI’ points. Good 
clinical performance for a test is charactcrizcd by a 
simultaneously high true positive rate and low f’alsc 
positive rate, and only in diagnosing MC does CK- 
BB seem to have a high scnsitivitk- (true positive 
rate) and low false positive rate. In addition, when 
two or more tests arc available to pursue a particular 
diagnosis, a comparison of the ROC curve of each 
will often show whcrc one has the advantage over 
the other. It can br seen that the ability of CK-BB 
with any given false positive rate is more sensitive 
than LDH and protein in diagnosing MC (Fig. 3). 

Of the 12 patients w-ith Icptomcningcal carci- 
nomatosis all cxccpt one patient. \vho had MC at 
autopsy less than 1 month after the [,I’ (CK-BB 
0.04 U/I), had their Yl(: diagnosed clinically, 
although four of the paticnts had two lumbar punc- 
tures and the patient with the CSF CK-BB activity 
at 12.3 U/l had three rcpcatcd lumbar punctures 
before tumor cells wcrc drmonstratccl. 
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Table 2. Total CK enzyme activig in the CSF according to metastatic spread to the CNS in 
64patients with advanced breast cancer 

Any CM metastases 
Parenchymal brain metastases 
Leptomeningeal carinomatosis 
Absence ofCNS metastases 

CK-BB of total 
No. of Median CK (% of 

patients (U/f) Range (U/I) median) 

30 0.34 0.04-12.80 68% 
18 0.22 0.04-0.93 64% 
12 0.61 0.04-12.80 81% 
34 0.16 0.04-0.57 63% 

Table 3. Sensitivity, specrJi@, positive and negative predictive values of CK-BB activity in 
the CSF, in cases of any CNS metastases, parenchymal brain metastases or leptomeningeal 

carcinomatosis 

Sensitivity 

Positive Negative 
predictive predictive 

Specificity value value 

Any CNS metastases 
Parenchymal brain metastases 
Leptomeningeal carcinomatosis 

57% loo%* 100% * 72% 
39% 78% 41% 77% 
83% 87% 60% 96% 

Tentative cut-offvalue 0.20 U/l 
Sensitivity: true positive rate 
Specificity: true negative rate 
Positive predictive value. Diagnostic specificity: 
Negative predictive value. Diagnostic sensitivity: 

A/(A + C). 
D/(B + D). 
A/(A + B). 
D/(C + D). 

True diagnosis 
Pos. Neg. 

Test result Pos. A B 
Neg. C D 

*By definition. 

Table 4. Sensitivity, specificig, positive and negative predictive 
values of CK-BB, LDH, protein andglucose in the CSF in breast 
caruer patients having any CNS metastases, parenchymal brain 

metastases or leptomeningeal carcinomatosis 

Cut-off value 

CK-BB LDH Protein 

(U/f) (U/f) (g/l) 
>0.2 >80 >0.8 

Glucose 
(mmol/l) 

c2.0 

Any CNS metastases 
Sensitivity 57% 
Specificity 100% 
Positive predictive 

value 100% 
Negative predictive 

value 72% 

Parenchymal brain metastases 
Sensitivity 39% 
Specificity 78% 
Positive predictive value 41% 
Negative predictive 

value 77% 

Leptomeningeal carinomotosis 
Sensitivity 83% 
Specificity 87% 
Positive predictive value 60% 
Negative predictive 

value 96% 

47% 
92% 

88% 

60% 

33% 
79% 
38% 

71% 

50% 
77% 
38% 

85% 

40% 6% 
94% 100% 

89% 100% 

57% 53% 

34% 0% 
79% 97% 
44% 0% 

76% 76% 

67% 17% 
82% 100% 
44% 100% 

92% 82% 

A total of 19 patients (30%), marked with solid 
circles in Fig. 1, had CNS autopsies. One patient 
classified in the group ‘without’ CNS metastases 
had MC at autopsy 26 months after the LP. None 
of the remaining autopsies were in contrast to the 
clinical conclusions. 

It was concluded that the equivocal patient had 
a cerebral hemorrhage based on the clinical features 
and radionuclide scintigrams. In this patient, 
autopsy was not performed (CK-BB 2.52 U/I). 

DISCUSSION 
The present study demonstrates a significant 

increase in the activity of CK-BB in CSF from 
patients with MET and MC secondary to breast 
cancer. 

Rubery el al. [23] found that the amount of tumor 
burden in breast cancer patients correlated well 
with the level of serum CK-BB. In fact, an elevated 
plasma CK-BB level was recorded in 63% of @- 
tients with extensive tumor burdens. In their study, 
the origin of the CK-BB was not quite clear since 
the brain could not be excluded as the source of the 
raised serum CK-BB, and it was not known whether 
any of these patients had CNS metastases. In the 
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Meningd carclnomatasis: ??

Fig, 2. Receiver operating characteristic (ROC) curues of CK-BB 
ifoeqyme in the CSF in cases ofmeningeal carinomatosis orparenchymal 
brain metastases, and discriminating between the presence and absence of 

aq CM metostases. 

True positive rate (%) (Sensitivity) 

25. - 

??

V. I 

2k sb. is. ldo. 
False positiirate(%)(l-spedfkii) 

Meningeal carcinomatosis: CK-BB: s 
Protein: ??
LDH: 0 

Fig. 3. Receiver operating characteristic (ROC) curues of CK-BB 
Goenzyme, LDH and protein in the CSF in patients with leptomeningeal 

mrinomatosis. 

present study, a similar frequency (57%) ofelevated 
CK-BB in the CSF has been found in patients with 
CNS metastases in general. None of the patients 
without metastatic spread to the CNS had CSF 
CK-BB activity exceeding 0.19 U/l. Eighty-three 
per cent of the patients with MC and 39% of the 
patients with parenchymal brdin metastases were 
above the tentative cut-off level. 

These observations in patients with breast cancer 
are in accordance with a study of patients with 
MET and MC from small cell lung cancer suffering 
from MET and MC, where increased activity of 
CK-BB in the CSF also was found [18]. 

The origin of the increased CK-BB activity in 
CSF could be damaged brain tissue or tumor cells. 

Brain tissue damage can cause elevation of CSF 
CK-BB activity [24] however; especially SCLC 
cells contain substantial amounts of CK-BB [25]. 
The contribution of the CK-BB activity in small cell 
lung cancer consequently could be a combination of 
CK-BB emanating from tumor cells and damaged 
brain tissue. No such data are available on breast 
cancer cells, but the similarity between the results 
obtained in the study of small cell lung cancer [ 181 
and in the present study may favor damaged brain 
tissue as the source of CSF CK-BB. This view is in 
agreement with a recent study where clevatcd ~CVC~S 
of CK-BB and myelin basic protein were found in 
the CSF secondary to CNS metastascs, including 
both MET and MC from a variety of solid tumors 

[191. 
Other kinds ofbrain damage, e.g. ccrebrovascular 

lesions, may increase the CK-BB activity in the CSF 
[26]. The clinical findings including CT scans in 
the present study makes this possibility unlikely 
except in the equivocal patient. Additionally, in our 
previous study of 75 SCLC patients, only one 
patient had cerebrovascular disorders. 

Concerning the false negative patients with 
parenchymal brain metastases, the anatomical local- 
ization of the metastases and brain tissue damage 
without the possibility of leakage of CK-BB into the 
CSF could be an explanation. 

iXo plasma activity was determined in the present 
study, but the fact is that the CK-BB/CK ratio is 
somewhat higher in MC patients than in patients 
without CNS mctastases (Table 2). This supports 
the theory of a local origin rather than a spillover, 
since the CK-MM fraction would otherwise be 
much higher (normal CK-MM activity in the blood 
is 50-l 00 times higher than in the CSF). Supporting 
this, the MC patient with CK-BB activity at 12.3 U/l 
was without extracerebral malignant disease and 
parenchymal brain metastascs. 

Diagnosing MC is difficult, and no single method 
can exclude the diagnosis. The finding of tumor 
cells in the CSF is generally considered diagnostic 
for MC, and in inter-observer studies, pathologists 
stem to bc reliable observers [ 271. In most studies, 
some degree of meningeal in\rolvemcnt was always 
found during autopsy in patients with tumor cells 
in the CSF [28, 291. Wasserstrom et al. documented 
malignant cells in the CSF of only 34% out of 90 
patients with MC at autopsy secondary to a variety 
of solid tumors using a single LP. An additional 
30% were diagnosed by a second LP [8]. Howrvcr, 
this statement is critically dcprndent on the indi- 
cation for carrying out lumbar punctures. In the 
present study, LP was instigated at rather liberal 
indications in order to pick up every case of MC. 
Where there was any doubt the lumbar punctures 
were repeated to increase the likelihood ofdetccting 
MC. We feel certain that in accordance with the 
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study criteria, we have not overlooked patients with 
MC in the group ‘without CNS metastases’. In 
contrast, we cannot be sure about the group with 
parenchymal brain metastases since the patients 
received cranial irradiation after the diagnosis was 
established and since only one-third ofthese patients 
had a CNS autopsy performed. All but one of the 
MC patients had the diagnosis established clini- 
cally; however, four of the patients needed two 
lumbar punctures, and the patient with the CK-BB 
at 12.3 U/l was first diagnosed by the third repeated 
lumbar puncture. 

Because of the small number of CNS autopsies, 
this study cannot be used for comparison of CSF 
cytology and CK-BB as a diagnostic tool. However, 
we consider that a marker of MC as mentioned is a 
valuable supplement to CSF cytology, which can 
only be expected to have a sensitivity at 60% by 
the first lumbar puncture [8]. 

Apart from routinely used markers such as pro- 
tein, glucose and LDH, Twijnstra el al. found a 
sensitivity and specificity at 87% and 93% for bcta- 

glucoronidase in the CSF in patients with MC 
secondary to breast cancer and concluded that the 
combination of CSF beta-glucoronidase and LDH 
was the most reliable marker for detecting MC [ 171. 
In the present study, the ability to diagnose MC 
using CK-BB is similar, althou’gh an elevated 
activity of CK-BB in the CSF does not distinguish 
between MC and parenchymal brain mctastases 
and thus, by itself, cannot guide treatment. Ongoing 
studies have demonstrated an explicit correlation 
between response to treatment and decrease of CSF 
tumor markers, including CK-BB, in MC patients 
treated with intrathecal Methotrexate [30]. 

In conclusion, low activity of CK-BB in the CSF 
in patients with breast cancer seems to exclude MC. 
Increased CK-BB activity, particularly in patients 
without signs of cerebrovascular lesions or paren- 
chymal brain metastases, is highly indicative of 
MC, although additional information on this 
marker is needed before its definite diagnostic role 
can bc established. 
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