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Abstract- We studied cerebrospinalfluid Betap-microglobulin (CSF Bz-m) in 197 patients with 
a variety of neurological diseases to evaluate the usefulness of Bz-m in the detection of meningeal 
dissemination of malignancy. In the control group we found a relationship between CSF log B$rrn 
and age (P < 1K4). Age standardized reference values were established as 0.65-2.2 mg/l. The 
results show that CSF Bz-m was elevated in leptomeningeal metastases from solid and 
hatmatological tumors. We observed slight elevations of CSF B1-m in epidural and parenchym 
metastasesfrom solid tumors. Our study shows that Ba-m in CSF is a sensitive markerfor meningeal 
metastases especially from hemopoietic tumors. 

INTRODUCTION 
BETA*-MICROGLOBULIN (BP-m) has been isolated 
and characterized from human urine by Berggärd 
and Bearn in 1968 [ 1,2]. It is a smal1 subunit of the 
Human Leucocyte Antigens (H.L.A.) on the sur- 
face of nucleated cells. BP-m is dissociated from 
H.L.A. heavy chain and relcased in free form in 
extracellular fluid. Lymphocytes and macrophages 
are particularly rich in By-m. BP-m is present in 
various biological fluids, such as serum, urine, 
amniotic fluid, ascites, and cerebrospinal íluid 
(CSF) [3-61. 

In blood B2-m is removcd by glomerular filtra- 
tion. The serum concentration may increase in 
various circumstances such as in newborns, in 
elderly, in renal disorders, in malignancies, in 
auto-immune and inflammatory disorders [7]. 

The multiple factors that affect B2-m conccntra- 
tion in the serum, makc it questionable in diagnos- 
tic procedures [ 81. Raised serum BY-m valucs 
neverthelcss are reportcd in serum of patients with 
multiple mycloma, non-Hodgkin lymphoma, 
Hodgkin’s discasc and chronic lymphatic lcukcmia 
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ing in diagnosis ofCNS involvement by haematolo- 
gical tumors [5]. Recently it has been rcported that 
CSF BP-m increased before the CSF was positive 
for tumor cells [9, 101. This may lead to earlier and 
more specific diagnosis of CNS leukcmia and lym- 
phoma. As little data are available conccrning: 

(1) CSF Bi-m values in normal subjccts: 
(2) CSF BP-m values in metastatic and non- 

metastatic discases; 
(3) the sensitivity and spccificity of CSF BL>-m, 

the present study was set up to further 
investigate this possiblc application of thc 
assay. 

Without knowledgc of the CSF Bz-m from pa- 
tients with neoplastic and non-ncoplastic ncurolo- 
gical discases, CNS involvement by solid and 
haematological tumors cannot be diagnoscd with 
reasonable confidence. Other invcstigators re- 
ported high lcvel CSF B2-m in bacterial meningitis 
[5, 101. Bccause this infiltration can bc diagnosed 
by culture, bacterial meningitis was excludcd from 
this study. 

MATERIALS AND METHODS 
We collccted CSF samples from 197 patients 

with normal rcnal function. Thc CSF specimen 
were coded and storcd at -20°C until analyzcd by 
radioimmunoassay. We pcrformed lumbar punc- 
ture as a part of clinical diagnostic procedures, and 
never for thc mcasurcmcnt of Bu-m only. CSF 
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examinations includcd protcin conccntration, glu- 
cose content, LDH, culture and cytology with thc 
cytoccntrifugc tcchniquc. WC comparcd the CSF 
BP-m leve1 in 10 paticnt groups (Tablc 1). The 48 
paticnts with low back pain with or without leg 
pain servcd as a control group. They were other- 
wise hcalthy. Myelography was normal in 36 of 
them and showed a lumbar disc hcrniation in 12 
subjects. Agc and sex distributions of thc controls 
and paticnts are givcn in Table 1. Patients with 
malignancies were admitted to thc Antoni van 
Leeuwcnhoekhuis during 1981-1983, and paticnts 
without malignant discases to the Departmcnt of 
Neurology of thc Slotervaart Hospita1 during 
1981-1982. The criteria used for the diagnosis of 
leptomeningeal metastases was the presence of 
tumor cells in the CSF. In 12 patients B2-m levcls 
were measured in serum as wel1 as in CSF. We 
determincd total protein and lactate dehyd- 
rogenase (LDH) in cercbrospinal fluid using the 
test methodologies of the ACA (Dupont Company, 
Clinical Systems Division, Wilmington, DE 19898, 
U.S.A.). 

LDH methodology was calibrated to give values 
similar to results obtained with the method of thc 
Gcrman Society for Clinical Chemistry [ 111. Glu- 
cose was determined using a Beckman glucose 
analyzer (Beckman Instruments Inc., Fullerton, 
CA 92634, U.S.A.). 

We measured both serum and CSF Bz-m by 
radioimmunoassay using the Phadebas Bp-m mic- 
rotest (Pharmacia Diagnostics, Uppsala, Sweden). 
Briefly, aliquots of 200-fold diluted serum and CSF 
were incubated for 3 hr at room temperature with 
“-1 labeled Bs-m and anti-BT-m antibodies cou- 
pled to sephadex particles. Thereafter, the bound 
and free B2-m were separated by centrifugation. 
The radio activity bound to scdimcntcd sephadex 

particles was then measurcd. This radioactive 
uptake varied invcrscly with thc quantity un- 
labeled B?-m present. 

From thc rcsults obtained in the controls, WC 
calculated rcfcrencc values for CSF Bg-m (Table 

1). 

STATISTICS 
From thc results of a prcliminary analysis, it was 

decided to transform the Bp-m logarithmically 
prior to the final analysis in order to gct a closcr 
approximation of the variation of observcd values 
by the normal distribution in al1 groups. Ordinary 
linear regression analysis was used to dcterminc 
the relationship between log B?-m and scx and age. 
To test the statistical distribution of valucs for 
normality the test of Shapiro and Wilk was uscd 

1111. 
Skewness indicates that data distribution was 

not symmetrical. Kurtosis indicates the degrcc of 
steepness of the middle part of the data distribution. 
Kurtosis measures the concentration round the 
mean value. 

RESULTS 
We showed thc mean and S.D. of CSF Bn-m, 

S.D., skewness and kurtosis (Table 1). The skew- 
ness and kurtosis indicate mcasurements for the 
shape of the distribution. In the control group a 
relationship was found between CSF log BP-m and 
age (P < 10e4) (Fig. 1). We found no diffcrence 
between females and males with respect to the 
slope of log Bs-m against agc (P=45) nor with 
respect to the intercept (P=O.91). 

Becausc of the age dependcnce of log BY-m, age 
standardization is nceded in comparing the diffe- 
rent groups. From the regression cquation in the 
control group we dcfincd thc following quantity as 

Table 1. CSF Betalmicro microglobulin levels (mgl1) in groups of control subjects and patients 

Group 
As Malel 

n Mean SN. Female (mi/]) S.D. Skcwnrss Kurtosis 

Low back pain (controls) 
Trauma capitis 
Neuropathy 
Cerehrovascular accident 
Epidural metastases 
Brain metastases 
Ixptomeningeal metastases solid 

tumors 
Leptomeningeal metastases 

haematologie tumors 
Solid tumors without CNS 

metastases 
Haematologie tumors without 

CKS metastases 

48 48 16 34114 1.33 0.48 0.77 1.17 
4 38 26 3/1 1.85 1.12 1.11 -0.70 
6 52 18 511 1.56 0.55 0.98 -0.41 

29 71 12 17112 1.74 0.48 -0.21 -0.28 
19 58 11 1118 1.85 0.97 1.38 1.39 
26 52 17 11/15 1.49 0.67 2.69 8.55 
25 53 11 6/19 3.22 1.79 0.93 0.X 

9 49 17 7/2 4.4LJ 2.13 0.45 -1.16 

23 55 16 3120 1.57 0.70 2:17 5.92 

8 46 22 5/2 1.43 0.86 1.61 1.37 
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Figure 1. The relationship bctween log By-min in CSF and age of thc 48 
control subjects. Log BTm kvels increased sigr$cantly with age for the 
overall group (P=O.O004) indepeuaknt of sex diffcrence (P=O.86). 

Regression equation: log B,-m = 3.081~.00595 (age: 50). 

standardized log BP-m at 50 yr: 

- log (By-m),s = log (Bz-m) - 0.00595 (age -50). 

We found no deviation from normal in groups at a 
leve1 of P < 0.10. Deviation from normal occurred 
in the patient groups with CVA (P < 0.05), brain 
metastases (P < 0.02) and solid tumors without 
metastases (P < 0.01). We defined the reference 
range of Ba-m standardized at the age of 50 as 
0.65-2.20 mg/l. Other investigators described simi- 
larly reference ranges [2, 101. From Table 2 it can 
be seen that Bz-m used as the sole diagnostic tool 

leads to a sensitivity of 70% (95% confidcncc; 
47-87% interval) for lcptomeningcal mctastascs 
from solid tumors and of 90% (52-99%) for lep- 
tomeningeal metastascs from hacmatological 
tumors. Adding al1 groups with lcptomcningcal 
metastases together WC would find a spccificity of 
93% (87-96%). Counting only thc tumor group 
without leptomeningeal involvcment would lcad to 
a specificity of 87% (76-94%). Al1 four paticnts 
with spinal epidural metastascs and raiscd CSF 
Bs-m showed a gross clcvation of CSF protein and 
a complete black by myclography, so clinically 
seeding was suspected. Of thc two paticnts with 
intraparenchymal mctastases and elevation of CSF 
BP-m levels, the metastases were on CT-stans 
adjacent to meningeal surface, but WC did not find 
tumor cells in the CSF. 

The serum B,-m and CSF BP-m levcls did not 
correlate in 12 patients of the different groups. 

DISCUSSION 
In recent years many investigators frcquently 

diagnosed leptomeningeal tumors [ 12-141. This 
increase has been generally attributed to longcr 
survival of patients because of morc cffective drug 
treatment of the primary tumor and thc failurc of 
the currently used chemothcrapeutic agents to 
cross the blood-brain barrier. 

Early diagnosis of meningeal metastases is a 
common diagnostic problcm [ 12, 15, 161. The false 
negative ratc varies from 5 to 40% of thc patients 
with leptomeningcal tumors. Thc yield of positivc 
cytology may bc enhanccd by examination of suc- 
cessive CSF samples [6, 171. We found raiscd CSF 
BP-m in two autopsy proven cases with Icp- 

Table 2. Betarmicroglobulin in cerebrospinal fluid. Elevated values in different groupJ 

Group Total B--m 
elevated 

Total % ele- 
vated 

Control subjects 
Trauma capitis 
Neuropathy 
Cerebrovascular accident 
Epidural metastases 
Brain metastases 
Leptomeningeal metastases solid tumors 
Leptomeningeal metastases haematologie 

tumors 
Solid tumors without CNS metastases 
Haematologie tumors without CNS metastases 

48 0 0 
4 1 25 
6 1 17 

29 0 0 
19 4 21 
26 2 8 
25 17 68 

9 8 89 

23 2 9 
8 2 25 

Totals 197 37 
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tomcningcal tumors, with ncgative cytological 
findings in CSF. Tumor-associatcd proteins in 
CSF, the so-callcd tumor markers, for thc carly 
identification of mctastases to thc meninges, have 
been dcscribcd prcviously (6, 9, 10, 18-20). From 
these studies insufficicnt data are availablc on 
patients with parenchymal and epidural metas- 
tases and non-neoplastic neurological discascs. 

Such information is necessary to cvaluatc sensi- 
tivity and specificity of the Bz-m assay in CSF for 
the diagnosis of leptomcningeal tumors [2 1, 221. In 
our control group CSF Bs-m increases significantly 
with increasing agc. This complicatcs the compari- 
son of different groups of diseases. To overcome 
this difficulty we standardized CSF By-m values for 
age using the regression equation found in the 
control group. 

Like Schaub et al. we have not observed any 
correlation between corresponding serum and CSF 
Bs-m levels in a group of neoplastic patients, which 
suggests an autonomous production of BY-m in the 
two compartments [23]. Both Mavligit et al. [9] 
and Koch et al. [lO] recently published results of a 
study about CSF Bs-m in CNS metastasis. They 
did not mention an effect of age on CSF Bp-m. 

However, we found CSF Bg-m lcvcls incrcased 
significantly with agc for thc overall group (P < 
10m4). An additional finding was that Bz-m as a 
sole diagnostic tool lcads to a sensitivity of 70% for 
meningeal carcinomatosis and of 90% for mcning- 
cal dissemination of haematological tumors [2 1, 
221. 

A specificity of 93% was calculatcd adding al1 
patients together with non-malignant and malig- 
nant neurological discases but without malignant 
meningeal disscmination. WC detected a raised 
Bs-m leve1 in two paticnts with cerebral and four 
with epidural metastasis. These clevations might 
be owing to the invasion of submcningcal or sub- 
ependymal parenchym, so that malignant cells 
may not be detected. On GAT-scan we noted 

subependymal brain mctastasis in two patients. 
From the present study we conclude that thc 

determination of age standardized Bz-m in CSF 
affords a valuable tool in the diagnosis for lcp- 
tomeningeal tumor, more appropriate for lympho- 
ma than for solid tumors. 

Further studies wil1 be needed to determinc the 
validity of the test in monitoring progrcssion of the 
disease and evaluating tumor response to therapy. 
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