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THE p1aGNOSIS of leptomeningeal metastases (LM),
cither from solid tumor or hematologic malig-
nancy, often presents a formidable problem. The
diagnosis 1s considered established when malignant
cells are found on cytologic examination of the
cerebrospinal fluid (GSF). However, frequent false-
negative and occasional false-positive results limit
the reliability of that test. In an cffort to circumvent
this difficulty, investigators have looked for bio-
chemical tumor markers in the CSF. Beta-2-
microglobulin (f2m), an 11,800 D protein subunit
of the histocompatibility antigens found on the
surface of nucleated cells, is normally present in
CSF. Lymphocytes and macrophages arc parti-
cularly rich in B2m, hence the assumption that
B2m would be useful in the diagnosis of LM from
hematologic malignancies. $2m as a tumor marker
has been the subject of several reports.

In this Journal, Twijnstra ef al. [1] 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 (LLDH), 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, becausc the
data distribution was both skewed (asymmetrical)
and kurtotic (unusually shaped). Their age-
standardized “normal” rcference  values of
0.65-2.20 mg/! at 50 ycars arc consistent with
those of other laboratories. No sex differences were
noted.

B2m was increased when CSF contained malig-
nant cells from ecither solid tumors (68%) or hem-
atologic malignancics (89% ), but minor elevations
also occurred with cpidural (21%) and paren-
chymal (80%) metastases from solid tumors. f2m
was cven slightly raised in a few paticnts with solid
tumors (9% ) and hematologic malignancics (25%)
without central nervous system (CNS) metastasces.
The authors found a sensitivity of 70% for LM
from solid tumors, and a sensitivity of 90% for LM
from hematologic malignancies; overall specificity
was 93%. Inspection of their raw data reveals an
overall false-positive rate of 7% and a falsc-ncga-
tive rate of 26%. They concluded that f2m was a
sensitive marker for LM, especially in hemopoictic
malignancies.

No corrclation between serum and CSF f2m
was found, surprisingly, since one might expect
some crossing of the blood-brain barrier, par-
ticularly a barrier damaged by tumor when the
serum level is very high. No serum levels are given
in the paper. The authors conclude that there is
autonomous production of B2m in the two com-
partments, and therefore no rationale for the use
of the CSF/serum ratio. Comparison of the CSF
B2m level with a reference range will suffice.
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Twijnstra ef al. speculated that increased B2m
levels in patients with cerebral and epidural meta-
stases reflect ependymal or meningeal invasion, i.c.
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 scquestered from
cytologic scrutiny, whereas cell 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
paticnts to monitor the course of discase and to
cvaluate the response to therapy. The authors
excluded paticnts with bacterial meningitis from
the study, but it is important to remember that in
such patients CSF 2m may be clevated and con-
fusc the diagnosis, especially in a patient with a
systemic hematologic malignancy and an oppor-
tunistic CNS infection.

Others have also measured f2m in CSF. Koch
et al. [2] examined 23 patients with leukemia, lym-
phoma and small cell lung carcinoma to evaluate
the usefulness of this test in the carly detection of
CNS metastases. Like Twijnstra et al., they found
higher levels in patients with CNS metastases than
in normal controls, or in patients without CNS
discase. Scrial measurements were performed on
two patients; in both, B2m became clevated coinci-
dent with CGNS relapse, and returned to normal as
remission was achieved. No correlation with CSF
glucose was found, which suggests that glucose
and B2m abnormalitics may reflect independent
pathologic processes in LM. No correlation existed
between scrum and CSF f2m. The false-negative
ratc of 8% compared favorably with the 26% of
Twijnstra e/ al. This may be a true difference, but
more likely reflects the smaller number of patients
in Koch’s study. We agree with Koch et al. that
caution is required in the interpretation of one,
isolated, slightly eclevated CSF P2m, since
measurements that show a trend are much more
reliable. Mavligit et al. [3] mecasured CSF $2m in
51 patients with acute leukemia and lymphoma.
Their results agree with those of Twijnstra and
Koch. They introduced the valid concept that clev-
ated B2m levels should only be 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 $2m alone. Starmans e/ al.
[4] measured B2m levels in the CSF of 125 patients
with neurologic discase. They extended Mavligit’s
obscrvations by showing no relationship between
B2m and CSF protein or cell count. B2m was often
elevated in meningeal and CNS infections. There

was no clear relationship between serum and CSF
B2m. Nagclkerke ef al. [5], using a micro-ELISA

assay, measurcd CSF (2m in 30 children with
ALL. They found a disappointing 40% scnsitivity
and 8% predictive valuc. Pcrhaps differences in
mcthodology (micro-ELISA vs. RIA) account for
the discrepancy between their paper and the others
reviewed here.

Thus, CSF B2m is not diagnostic for LM, but
when used in conjunction with other measure-
ments, cspecially cytology and other tumor mar-
kers (scc below), may be very helpful in diagnosis.
B2m scems especially useful in following the course
of CNS discase.

Other markers are also commonly measured in
CSF to detect and follow LM [6-10]. B-glu-
curonidasc (-glu) is an intracellular cnzyme, dis-
tributed in lysosomes and microsomes. It hydro-
lyzes the B-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 GSF. B-glu rises with massive brain
necrosis,  glioblastoma and  demyelination.
Carcinoembryonic antigen (CEA) is a high mol-
ccular weight glycoprotein produced by several
solid tumors. Patients with intraparenchymal
mctastases have clevated CSF CEA levels when
the metastases arc in close proximity to the ven-
tricular or ependymal surfaces; this corresponds to
Twijnstra’s speculation concerning 32m. LDH is
ubiquitous in brain, and has an isocnzyme pattern
with predominance of the electrophoretically fast-
moving isoenzyme fractions 1 and 2. Studies of
brain tissue homogenates have indicated that neo-
plasms causc a shift in the isoenzyme pattern from
fractions 1 and 2, to 4 and 3, attributable to a
shift to anacrobic metabolism.

At Memorial Sloan-Kettering Cancer Center
(MSKCC) we have found at lcast onc abnormal
marker level in 75-90% of patients with LM from
melanoma, lung cancer and breast cancer, and
concluded that mcasurement of these markers
assisted in early diagnosis [8-10]. This obscrvation
emphasizes the fact that the greatest sensitivity,
specificity, and predictive value will be achieved by
mcasuring several markers. However, the profile
to be mecasured must correspond to the primary
discasc. Thus, f2m is most helpful in hematologic
malignancies, CEA in solid tumors, and human
chorionic gonadotropin (HCG) and alphafeto-
protein (AFP) (scc below) in germ cell tumors. -
glu was occasionally clevated in patients with LM
in the absence of any other CSF abnormalitics. All
markers approached control levels with favorable
treatment of LM. None of these markers reliably
detected leptomeningeal infiltration by lymphoma.
B2m 15 the most uscful in that regard. LDH-5 was
increased in CSF infections with a granulocytic
pleocytosis. B-glu was moderately clevated in
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chronic infectious meningitis; CEA was not.

Tallman et al. [11] studied CSF B-glu. Their
findings were in concordance with the MSKCC
experience. As with $2m, B-glu levels did not cor-
relate well with CSF protein, glucose or cell count.

The rcsults reported by Yap et al. [12] with
CSF CEA in 23 cases of LM from breast cancer
also corroborate the MSKCC experience. Again,
there was no correlation between CSF CEA, and
CSY protein, glucose or cell count. Neither was
there a relationship between CEA in serum and
CSF, implying independent CEA synthesis within
the CSF.

Allen et al. [13] mcasured HCG and AFP in
the CSF of 6 patients with intracranial germ cell
tumors. As expected, the 2 embryonal carcinomas
were AFP- and HCG-positive, the 2 chorio-
carcinomas were HCG-positive, and the 2 dys-
germinomas were marker-negative. Two of the 4
patients with positive markers had malignant cells
in the CSF. Marker levels declined with therapy,
and usually rose prior to the development of clini-
cal symptoms if the patient’s tumor recurred.

Phillips e al. [14] performed CSF polyamine
determinations in 33 children with brain tumors.
Putrescine was consistently increased in active dis-
ease in patients with medulloblastomas, cpen-
dymomas, pincal region germ cell tumors, primi-
tive necurocctodermal tumors and brainstem
gliomas. The highest putrescine values were found
in patients with widely disseminated, recurrent

tumors.

Monoclonal antibodics may provide a powerful
and reliable method to assess LM. Coakham e/
al. {15] have systematically applied a pancl of
monoclonal antibodies to the CSF of patients with
suspecied LM. The antibodics were directed
against ncurocctodermal tissue, cpithehial cyto-
keratin, lecukocytes and neoplastic neuroblasts.
Whereas routine cytology was positive for malig-
nant cells in 10 of 14 cases, and accurately cate-
gorized the cell type in 3 of 14, immunocytology
increased the accuracy of categorization to 16 of 17
cases. Ezrin-Waters e/ al. [16], using monoclonal
antibodics directed against lymphocyte cell 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.

The perfect tumor marker would be clevated in
all tumor-bearing patients, and would be within
normal limits in all patients without tumors. It
would be cell type-specific. Its level would rise or
fall prior to any clinical, radiographic or bio-
chemical indication of relapse or remission. No
such ideal marker exists. Our present state of
knowledge dictates that scrial CSF cell counts,
protcin  and glucose, cytology, biochemical
markers, and monoclonal antibodies should all he
uscd, together with the clinical and radiographic
information, to improve the diagnosis and man-
agement of patients with LM.
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