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THE DIAGNOSIS of leptomcningcal mctastascs (LM), 

cithcr from solid tumor or hcmatologic malig- 
nancy, often presents a formidable problem. The 
diagnosis is considered cstablishcd when malignant 
cells are found on cytologic examination of the 
cerebrospinal fluid (CSF). However, frequent false- 
negative and occasional false-positive results limit 
the reliability of that test. In an effort to circumvent 
this difficulty, investigators have looked for bio- 
chemical tumor markers in the CSF. Beta-2- 
microglobulin (B2m), an 11,800 D protein subunit 
of the histocompatibility antigens found on the 
surface of nucleated cells, is normally present in 
CSF. Lymphocytes and macrophagcs arc parti- 
cularly rich in B’Lm, hcncc the assumption that 
B2m would be useful in the diagnosis of LM from 
hematologic malignancies. B2m as a tumor marker 
has been the subject of several reports. 

In this Journal, Twijnstra et al. [l] reported B2m 
levels in the CSF of almost 200 patients with a 
variety of illnesses, in order to define the usefulness 
of this marker for the diagnosis of LM. Each CSF 
specimen was also examined for protein, glucose, 
lactic dehydrogenase (LDH), and culture and 
cytology. The criterion for the diagnosis of LM 
was the presence by cytologic examination of 
tumor cells in the CSF. In 48 otherwise healthy 
patients with back pain of discogenic or musculo- 
skeletal origin who served as controls, the log- 
arithm of the B2m concentration was related to 
age. The B2m values were transformed log- 
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arithmically prior to final analysis, because the 
data distribution was both skewed (asymmetrical) 
and kurtotic (unusually shaped). Their agc- 
standardized “normal” rcfcrcncc values of 
0.65-2.20 mg/l at 50 years arc consistent with 
those of other laboratories. No sex differcnccs wcrc 
noted. 

B2m was increased when CSF contained malig- 
nant cells from either solid tumors (68%) or hcm- 

atologic malignancies (89%), but minor elevations 
also occurred with cpidural (21%) and parcn- 
chymal (80%) metastases from solid tumors. B2m 
was even slightly raised in a few patients with solid 
tumors (9%) and hrmatologic malignancies (25%) 
without central nervous system (CNS) metastascs. 
The authors found a sensitivity of 70% for LM 
from solid tumors, and a sensitivity of 90% for LM 
from hcmatologic malignancies; overall specificity 
was 93%. Inspection of their raw data reveals an 
overall false-positive rate of 7% and a falsc-ncga- 
tivc rate of 26%. They concluded that B2m was a 
sensitive marker for LM, especially in hcmopoietic 
malignancies. 

No correlation between serum and CSF B2m 
was found, surprisingly, since one might expect 
some crossing of the blood-brain barrier, par- 
ticularly a barrier damaged by tumor when the 
serum lcvcl is very high. No serum levels arc given 
in the paper. The authors conclude that there is 
autonomous production of B2m in the two com- 
partments, and thcreforc no rationale for the USC 
of the CSF/scrum ratio. Comparison of the CSF 
B2m level with a rcfcrcncc range will suflicc. 
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Twijnstra et al. speculated that increased P2m 
levels in patients with cerebral and cpidural mcta- 
stases reflect cpendymal or meningeal invasion, i.e. 
LM with a false-negative cytologic examination. 
One can imagine in such situations, and also in 
LM, that rapidly proliferating malignant cells cling 

to surrounding structures and arc sequestered from 
cytologic scrutiny, whereas ccl1 surface antigens 
break off and arc detected by assay. 

The strengths of the Twijnstra paper lie in the 
number of patients tested, and in the data trans- 
formation and statistical analysis. The study would 
have been enhanced by serial samples in individual 
patients to monitor the course of disease and to 
evaluate the response to therapy. The authors 
excluded patients with bacterial meningitis from 
the study, but it is important to remember that in 
such patients CSF P2m may bc elevated and con- 
fuse the diagnosis, especially in a patient with a 
systemic hcmatologic malignancy and an oppor- 
tunistic CNS infection. 

Others have also measured P2m in CSF. Koch 
et al. [2] examined 23 patients with leukemia, lym- 
phoma and small ccl1 lung carcinoma to evaluate 
the usefulness of this test in the early dctcction of 
CNS mctastases. Like Twijnstra et al., they found 
higher levels in patients with CNS mctastases than 
in normal controls, or in patients without CNS 
disease. Serial measurements wcrc performed on 
two patients; in both, P2m became clevatcd coinci- 
dent with CNS relapse, and returned to normal as 
remission was achieved. No correlation with CSF 

glucose was found, which suggests that glucose 
and P2m abnormalities may reflect independent 
pathologic processes in LM. No correlation existed 
between serum and CSF P2m. The false-ncgativrc 
rate of 8% compared favorably with the 26% of 
Twijnstra et al. This may bc a true difference, but 
more likely reflects the smaller number of patients 
in Koch’s study. WC agree with Koch et al. that 
caution is required in the interpretation of one, 

isolated, slightly elevated CSF P2m, since 
measurements that show a trend arc much more 
rcliablc. Mavligit et al. [3] measured CSF P2m in 
51 patients with acute lcukcmia and lymphoma. 
Their results agree with those of Twijnstra and 
Koch. They introduced the valid concept that clcv- 
ated P2m levels should only bc used as an ancillary 
tool for the diagnosis of LM. It is certainly not 
justifiable to administer intrathecal chemotherapy 
on the basis of a high P2m alone. Starmans et al. 
[4] measured l32rn levels in the CSF of 125 patients 
with neurologic discasc. They extcndcd Mavligit’s 
observations by showing no relationship between 
P2m and CSF protein or cell count. P2m was often 
elevated in meningcal and CNS infections. Thcrc 
was no clear relationship between serum and CSF 
P2m. Nagclkcrke el al. [5], using a micro-ELISA 

assay, mcasurcd CSF l32rn in 30 children with 
ALL. They found a disappointing 40% sensitivity 
and 8% predictive value. Perhaps differences in 
methodology (micro-ELISA vs. RIA) account for 
the discrepancy between their paper and the others 
reviewed hcrc. 

Thus, CSF P2m is not diagnostic for LM, but 
when used in conjunction with other mcasure- 

ments, especially cytology and other tumor mar- 
kers (SW below), may bc very helpful in diagnosis. 
P2m seems especially useful in following the course 
of CNS disease. 

Other markers arc also commonly mcasurcd in 
CSF to detect and follow LM [6-lo]. p-glu- 
curonidasc (p-glu) is an intracellular enzyme, dis- 
tributed in lysosomcs and microsomes. It hydro- 
lyzes the P-glycosidic bond between glucuronic 
acid and an agluconc. It is normally found in 
brain (gray and white matter), pia-arachnoid, and 
choroid plexus, and is normally detected in small 

amounts in the CSF. p-glu rises with massive brain 
necrosis, glioblastoma and dcmyelination. 
Carcinoembryonic antigen (CEA) is a high mol- 
ccular weight glycoprotein produced by several 
solid tumors. Patients with intraparenchymal 
metastases have clcvatcd CSF CEA levels when 
the mctastases arc in close proximity to the ven- 
tricular or cpcndymal surfaces; this corresponds to 
Twijnstra’s speculation concerning P2m. LDH is 
ubiquitous in brain, and has an isocnzymc pattern 
with predominance of the elcctrophoretically fast- 
moving isocnzymc fractions 1 and 2. Studies of 
brain tissue homogenates have indicated that nco- 
plasms causr a shift in the isocnzyme pattern from 
fractions 1 and 2, to 4 and 5, attributable to a 
shift to anaerobic metabolism. 

At Memorial Sloan-Kettering Cancer Center 
(MSKCC) WC have found at least one abnormal 
marker level in 75-90’~ of patients with LM from 
melanoma, lung cancer and breast cancer, and 
concluded that measurcmcnt of these markers 
assisted in early diagnosis [8-10]. This observation 
emphasizes the fact that the greatest sensitivity, 
specificity, and prcdictivc value will be achieved by 
measuring several markers. Howcvcr, the profile 
to be measured must correspond to the primary 
disease. Thus, P2m is most helpful in hematologic 
malignancies, CEA in solid tumors, and human 
chorionic gonadotropin (HCG) and alphafcto- 
protein (AFP) (see below) in germ cell tumors. p- 
glu was occasionally elevated in patients with LM 
in the absence of any other CSF abnormalities. All 
markers approached control levels with favorable 
treatment of LM. None of these markers reliably 
detected lcptomcningeal infiltration by lymphoma. 
P2m is the most useful in that regard. LDH-5 was 
increased in CSF infections with a granulocytic 
pleocytosis. P-glu was moderately clcvated in 



Perspectives and Commenlaries 3 

chronic infectious meningitis; CEA was not. tumors. 

Tallman et al. [l l] studied CSF p-glu. Their 
findings were in concordance with the MSKCC 
experience. As with B2m, B-glu lcvcls did not cor- 
relate well with CSF protein, glucose or ccl1 count. 

The results reported by Yap ct al. [ 121 with 
CSF CEA in 23 cases of LM from breast cancer 
also corroborate the MSKCC cxpericncc. Again, 
there was no correlation between CSF CEA, and 
CSF protein, glucose or cell count. Ncithcr was 
there a relationship between CEA in serum and 
CSF, implying independent CEA synthesis within 

the CSF. 
Allen et al. [ 131 mcasurcd HCG and AFP in 

the CSF of 6 patients with intracranial germ cell 
tumors. As cxpccted, the 2 cmbryonal carcinomas 
were AFP- and HCG-positive, the 2 chorio- 
carcinomas were HCG-positive, and the 2 dys- 
germinomas wcrc marker-negative. Two of the 4 
patients with positive markers had malignant cells 
in the CSF. Marker lcvcls declined with therapy, 
and usually rose prior to the devclopmcnt of clini- 
cal symptoms if the patient’s tumor recurred. 

Monoclonal antibodies may provide a powerful 

and reliable method to assess LM. Coakham ~1 
al. [15] have systematically applied a panel of 
monoclonal antibodies to the CSF of patients w-ith 
suspected LM. The antibodies vverc dirrctcd 

against ncuroectodermal tissue, cpithrlial cyto- 

kcratin, lcukocytcs and neoplastic ncuroblasts. 

b’hereas routine cytology was positive for malig- 
nant cells in 10 of 14 cases, and accurately catr- 

gorizcd the cell type in 3 of 14, immunocytologg) 
increased the accuracy of categorization to 16 of 17 
cases. Ezrin-Waters el al. [ 161, using monoclonal 

antibodies directed against lymphocyte ccl1 surface 
markers, revealed a clone of malignant B cells in 
the CSF of a patient with LM from lymphoma. 
This finding allowed accurate diagnosis and 
initiation of treatment. 

Phillips et al. [14] pcrformcd CSF polyaminc 
determinations in 35 children with brain tumors. 
Putrescinc was consistently increased in active dis- 
ease in patients with medulloblastomas, cpcn- 
dymomas, pincal region germ ccl1 tumors, primi- 
tive neurocctodermal tumors and brainstcm 
gliomas. The highest putrcscinc values were found 
in patients with widely disseminated, recurrent 

The perfect tumor marker would be clcvatcd in 
all tumor-bearing patients, and would bc within 
normal limits in all patients without tumors. It 
would bc ccl1 type-specific. Its lcv:cl would rise or 
fall prior to any clinical, radiographic or bio- 
chemical indication of relapse or remission. No 
such ideal marker exists. Our prcscnt state of 
knowledge dictates that serial CSF ccl1 counts, 

protein and glucose, cytology-, biochemical 

markers, and monoclonal antibodies should all be 
used, together with the clinical and radiographic 
information, to improve the diagnosis and man- 
agemcnt of patients with Lhl. 
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