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CEREBROSPINAL FLUID CYTOLOGICAL  
AND BIOCHEMICAL CHARACTERISTICS IN  
THE PRESENCE OF CNS NEOPLASIA

Sérgio M. de Almeida, Edna Nanakanishi, Arnaldo J. de Conto,  
Luciana P. Souza, Dario Antonelli Filho, Carlos D. Roda

ABSTRACT - Central nervous system (CNS) infiltration must be ruled out in patients with known neoplastic 
diseases and neurological symptoms. It was done a retrospective analysis of 1,948 CSF samples from patients 
with suspected malignant infiltration in the CNS, in order to evaluate the positivity rate of malignant cells 
in cerebrospinal fluid (CSF) samples and correlate with cytochemical characteristics. Sixty-two percent of 
subjects had acute lymphocytic leukemia. Malignant cells were found in 24% of all CSF samples. Subjects 
with positive malignant cells had predominance of increased levels of CSF total protein (TP), glucose and 
total cytology (p<0.05). Mean total cell count in this group was 232 (SD 933) cells/mm3, compared to 9 (SD 
93) cells/mm3 in the group without neoplasic cells (p=0.029). CSF TP specificity was 87% and negative pre-
dictive value (NPV) 96%. CSF total cell count specificity 86% and NPV 97%. Although sensitivity and posi-
tive predictive value were low. The presence of inflammatory cells and elevated TP found in patients with 
malignant cells in the CSF can aid in diagnosing CNS neoplasms.

Key woRDS: central nervous system, cerebrospinal fluid, malignant cells, CNS neoplasm, CNS tumors.

Características citológicas e bioquímicas do líquido cefalorraquidiano na presença de neopla-
sias no SNC

ReSUMo - A infiltração neoplásica no SNC deve ser afastada em pacientes com neoplasia e sintomas neu-
rológicos. Foi realizada uma análise retrospectiva de 1.948 amostras de LCR de pacientes com suspeita de 
infiltração neoplásica no SNC. Sessenta e dois por cento dos pacientes eram portadores de leucemia linfo-
citica aguda. Células neoplásicas foram encontradas em 24% de todas as amostras. Houve níveis aumen-
tados no LCR da proteína total (PT), glicose e de citologia global (p<0.05), no grupo com presença de cé-
lulas neoplásicas. A média da contagem global de células no LCR, neste grupo, foi 232±933 cels/mm3, con-
tra 9±93 cells/mm3 no grupo sem células neoplásicas no LCR (p=0,029). o aumento de PT no LCR apresen-
tou especificidade 87% e valor preditivo negativo (VPN) 96%. A contagem global de células no LCR apre-
sentou especificidade 86% e VPN 97%. Porém sensibilidade e valores preditivos positivos foram baixos. A 
presença de células inflamatórias e PT no LCR elevada em pacientes com neoplasias pode ser um indica-
dor do envolvimento no SNC.

PALAVRAS-CHAVe: sistema nervoso central, líquido cefalorraquidiano, células neoplásicas, neoplasias.

Clinical Pathology Laboratory - Hospital de Clínicas - Federal University of Paraná, Curitiba PR, Brazil (UFPR).

Received 22 January 2007, received in final form 13 April 2007. Accepted 29 May 2007.

Dr. Sérgio Monteiro de Almeida - Hospital de Clínicas / UFPR - Setor Análises Clínicas / Seção de Liquido Cefalorraquidiano - Rua 
Padre Camargo 280 - 80060-240 Curitiba PR - Brasil E-mail: sergio.ma@pop.com.br

The biochemical and cellular characteristics of the 
cerebrospinal fluid (CSF) are important for the diag-
nosis of the central nervous system (CNS) neoplasms1. 
The hypothesis of CNS involvement by malignant neo-
plasms must be made in a patient with known malig-
nant neoplasms that presents neurological symptoms. 
Malignant cells of a variety of tumors, metastasis or 
primary, can be detected in the CSF. Any type of neo-
plasm can spread to the leptomeninges1-6. This dissem-
ination occurs with more frequently in acute hema-
tological diseases such as leukemia and lymphomas. 

Among solid tumors, the dissemination is more 
frequent with melanomas and breast or lung cancer. 
Among CNS primary tumors, tumor cells are more 
commonly found in the CSF in gliomas and medullo-
blastomas, due to their higher incidence and tenden-
cy to spread into the subaracnoid space. The frequen-
cy of CNS primary lymphomas has increased over the 
past, and is particularly high in patients with cellular 
immunity alterations such as HIV7-11. 

The objective of this study was to evaluate the fre-
quency of detecting malignant cells in CSF, to corre-
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late it with CSF cytological and biochemical character-
istics and to study the validity of basic CSF character-
istics for the diagnosis of CNS malignant involvement.

METHOD
A retrospective, longitudinal study was conducted uti-

lizing the CSF laboratory (lab) results from the from the 
data files of the CSF section of the clinical pathology lab-
oratory of the General Hospital- Paraná Federal Univer-
sity (UFPR). The CSF samples were from adults and chil-
dren with clinical suspicion of malignant CNS infiltration 
and from patients that underwent prophylactic intrathe-
cal chemotherapy referred to the lab, mainly from hema-
tology, bone marrow transplantation, neurology and neu-
rosurgery services. The study period was from March 1995 
to December 2000. 

CSF total protein (TP) was determined by turbidimetric 
method of sulphosalicylic acid and CSF glucose was deter-
mined by enzymatic method. CSF total cell count was as-
sessed by a Fuchs Rosenthal chamber. For differential cell 
count and to detect the presence of malignant cells, CSF 
samples were concentrated by Suta Chamber (from 1995 to 
1998) and Cytospin (from 1998 to 2000). CSF samples were 
protein enriched with albumin. The slides were stained by 
May Grünwald-Giensa technique and analyzed by at least 
two trained researchers (SMA and eN). Malignant cells were 

defined by the presence of one or more of these character-
istics, in accordance with the clinical diagnosis: large size 
and/or nuclei; nucleus/cytoplasm size index increased in fa-
vor of the nucleus; multiple nuclei; great, prominent or 
multiple nucleoli; variation in the size and format of the 
cells and nuclei; mitosis in groups of cells, frequent atypi-
cal mitosis; irregular nuclear edges, hyperchromasia and ir-
regular grouping of the nuclear chromatin.

During the study period were referred to the CSF lab 
1,948 CSF samples from 331 patients with possible malig-
nant CNS infiltration, 180 patients (54.4%) were male and 
151 (45.6%) were female, and the mean age was 15.7 years 
(±15.8) (mean±SD); median 9 years. All CSF samples were 
collected by lumbar puncture (LP) with a total of 1948 re-
ferring CSF samples. LP was repeated 6±5times; median of 
4 times. 

Statistical analysis – To calculate the positivity rate of 
detecting malignant cells in CSF, we considered the first 
sample, positive or negative, of each patient, and all subse-
quent positive samples (total number of 411 samples). 

For analysis of the results, the CSF samples were divid-
ed in two groups with neoplasic cells and without neo-
plasic cells. The continuous variables were compared using 
the non parametric wilcoxon statistical test; the categor-
ical variables were compared using Chi-square test (c2). A 
p value ≤ 0.05 was considered significant. The results were 
presented as mean ±SD.

RESULTS 
The indications to detect malignant cells in the 

CSF, classified by age groups, are indicated in Table 
1. The main indication was acute lymphocytic leuke-
mia (ALL) in both age groups followed by acute my-
elogenous leukemia (AML) and lymphoma.

Malignant cells were found in 98 of the 411 sam-
ples (23.84%). The positivity rates by malignant dis-
ease are indicated in Table 2. 

CSF biochemical (total protein and glucose) and 
cytological characteristics of CSF samples, in the 
groups with and without malignant cells, are indi-

Table 1. Neoplastic disease of patients with CSF samples referred to search for malignant cells.

Indication ≤ 14 years (n=270) ≥ 15 years (n=141) Total (n=411)

N % N % N %

ALL 177 65.56 77 54.61 254 61.80

CML 5 1.85 11 7.80 16 3.89

AML 45 16.67 18 12.77 63  15.33

Lymphoma 28 10.37 15 10.64 43 10.46

Retinoblastoma 7 2.59 1 0.71 8  1.95

others* 8 2.96 19 13.48 27  6.57

Total 270 141 411 100

ALL, acute lymphocytic leukemia; AML, acute myelocytic leukemia; CML, chronic myelocytic leukemia. *lung, gastric, breast, melanoma, prostate, ew-
ing sarcoma, rabdomyossarcoma, glioblastoma, astrocytoma, Schwanoma, chronic lymphocytic leukemia (CLL).

Table 2. Positivity rate of  malignant cells in CSF samples.

Indication N samples Positive %

ALL 254 63 24.8

CML 16 2 12.5

AML 63 13 20.6

Lymphoma 43 9 20.9

Retinoblastoma 8 4 50.0

others* 27 7 25.9

Total 411 98 23.8

ALL, acute lymphocytic leukemia; AML, acute myelocytic leukemia; CML, 
chronic myelocytic leukemia; *lung, gastric, breast, melanoma, pros-
tate, ewing sarcoma, rabdomyossarcoma, glioblastoma, astrocytoma, 
Schwanoma, chronic lymphocytic leukemia (CLL).
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cated in Table 3. CSF TP was higher by almost two 
times in the group with presence of malignant cells 
(69.5±132.5 mg/dL), than the group without malig-
nant cells (38.6±139.1 mg/dL) although there was no 
statistical difference (p=0.642). The percentages of 
cases with TP higher than 45 mg/dL and glucoses low-
er than 45 mg/dL are higher in the group with pres-
ence of malignant cells (Table 4).

The mean±SD of CSF total cell count was high-
er in the group with malignant cells (232.2±932.6 

cell/mm3), than in the group without malignant cells 
(8.8±93 cells/mm3) (p=0.029) (Table 3 and 4). 

In the group with malignant cells, the number 
of samples containing lymphocytes, monocytes and 
neutrophils was greater than in the group without 
malignant cells (Table 5). 

CSF TP (≥45 mg/dL), glucose (≤ 45mg/dL) and an 
increase in CSF total cell count could be specific for 
indication of the presence of malignant cells in the 
CSF and has high negative predictive value (Table 6).

Table 3. Biochemical and cytological characteristics of CSF samples referred to search for malignant cells.

CSF Malignant cells present (n 98) without malignant cells (n 1850) P**

N mean±SD N mean±SD

TP mg/dL 89 69.46±132.45 1718 38.60±139.11 0,642

Glucose mg/dL 97 54.27±23.58 1819 55.54±18.64 0.882

Cells/mm3 98 232.19±932.55 1850 8.79±92.99 0.029*

*significant value; **test of wilcoxon.

Table 4. Number of samples with CSF biochemical and cytological characteristics altered.

CSF Malignant cells present (n 98) without malignant cells (n 1850) P**

N % N %

TP ≥ 45 mg/dL 33 37 226 13.1 < 0.0001*

Cells ≥ 4/mm3 57 58.1 260 14.1 < 0.0001*

Glucose ≤ 45 mg/dL 34 35.0 382 21.0 0.0017*

*significant value; **c2 test.

Table 5. Differential cytology of CSF samples referred to search for malignant cells (number of cases with cells present).

CSF Malignant cells present (n 98) without malignant cells (n 1850) P**

N % N %

% monocytes 25 25.5 99 5.3 < 0.0001*

% lymphocytes 36 36.7 212 11.4 < 0.0001*

% neutrophils 13 13.2 60 3.2 < 0.0001*

% basophiles 2 2.0 2 0.2 0.0141*

% plasmocytes 1 1.0 3 0.1 0.1866

% eosinophils 1 1.0 4 0.3 0.2276

% macrophages 2 2.0 11 0.6 0.1362

*significant value; **c2 test.

Table 6. CSF biochemical and cytological characteristic parameters for the diagnosis 

of CNS malignant infiltration.

Protein  

≤ 45 mg/dL

Glucose  

≤ 45 mg/dL

Cells  

≥ 4/mm3

Sensitivity (%) 37.0 35.0 58.1

Specificity (%) 86.8 78.9 85.9

PPV (%) 12.7 8.1 17.9

NPV (%) 96.3 95.8 97.4

youden index (%) 23.8 13.9 44.0
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DISCUSSION 

This manuscript reports the findings of a single 
institution retrospective review of CSF analysis of pa-
tients suspect of having CNS malignant disease. In 
patients with well-known malignant neoplasm pre-
senting with neurological symptoms, the diagnosis 
of leptomeninges infiltration must be ruled out12 
since any type of neoplasm is potentially capable of 
spreading to the leptomeninges. The diagnosis of the 
involvement of the meninges by extraneural cancer, 
leukemia cells, lymphomas and CNS primary tumors 
is based on cytological confirmation, either through 
CSF cytology or biopsy of leptomeninge13. The rate 
of positive CSF cytology found in our lab (24%) is a 
mean value compared to rates reported12,14,15, and is 
in accordance with some studies14,16. However, the 
positivity rate of detecting malignant cells in the CSF 
varies in the literature and is assumed to depend on 
several factors such as histological confirmation, local 
of CSF collection, and CSF processing methodology 
used for cells concentration as sedimentation cham-
bers or cytospin17-19. The sensitivity of detecting ma-
lignant cells in the CSF changes in accordance with 
the type of neoplasm, anatomic location as well as 
with the presence of meningeal involvement and its 
extension and number of malignant cells in CSF9,12,14. 
Primary cerebral tumors that exfoliated cells to the 
CSF were all located adjacent to the ventricle. In con-
trast, cells from tumors deeply localized in cerebral 
parenchyma are more difficult to be found in the 
CSF15,16.

In our laboratory the most frequent indication to 
attempt to detect the presence of malignant cells 
in the CSF was ALL. The percentage of positivity 

we found is in accordance with the rate of CNS in-
volvement of ALL in patients who routinely receive 
prophylactic intrathecal chemotherapy. For lympho-
proliferative diseases, approximately 80% of the pa-
tients with ALL and 60% of patients with untreated 
acute myelogenous leukemia (AML) have leukemia 
cells in the CSF, during some period of the disease. 
with the use of intrathecal chemotherapy the inci-
dence of acute leukemia in the CNS decreased to ap-
proximately 10%9. In contrast with acute leukemias, 
the involvement of the CNS by chronic leukemias, 

Fig 1. CSF, breast adenocarcinoma cell, 

Light microscopy (May-Grünwald/Giensa 

stain, 1,000X). Presence of degenerative 

vacuoles in the cytoplasm, the nucleus has 

hyperchromasia. The cell in the center is 

phagocyting other cell (cell autophagy). 

There are normal lymphocytes around the 

malignant cell (note the difference in size 

between the cells).

Fig 2. CSF, lung adenocarcinoma cell, Light microscopy (May-

Grünwald/Giensa stain, 1,000X). The cell borders are irregular 

and the nucleus has hyperchromasia. The nucleus of the cell at 

right shows atypical mitosis
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such as chronic lymphocytic leukemia (CLL) and also 
chronic myeloid leukemia (MCL), is not common9. For 
patients with diffuse non-Hodgkin lymphoma the in-
volvement of leptomeninges has been reported in 5 
to 27% of the patients9. 

The percentage of detection of CNS primary tu-
mors cells in the CSF varies from 7.3 to 69.2%, the 
detection of gliomas and medulloblastomas cells is 
more frequent. In the case of CNS primary lympho-
mas, approximately 20 to 30% of the patients pres-
ent with neoplasm cells in the CSF9. 

The malignant cells usually are strange cells to the 
CSF environment, differing from the cells frequently 
seen in the CSF. Some cellular characteristics could 
indicate possible malignant involvement in the CSF 
(Figs 1, 2 and 3). None of these isolated character-
istics are patognomonic of neoplasm9; for exemple 
atypical cellular mitosis can also be observed in be-
nign conditions such as acute meningitis20. However, 
the association of criteria can make the diagnosis of 
malignancy most likely9. 

The presence of a uniform cellular population 
in the CSF with a similar nucleus to the blastic cells 
and scarce cytoplasm can be signs of involvement 
of meninges by leukemia. when a uniform popula-
tion of blastic cells is present in great number, the 
diagnosis of CNS involvement by leukemia is not 
difficult. However the diagnosis becomes difficult 
if only a small number of blasts are present9. False-
positive results can be observed in viral infections, 
arachnoiditis or in cases of intrathecal chemotherapy. 
In reactive pleocytosis with presence of lymphocytes 
and/or monocytes, a more heterogeneous cellular 

population frequently is found. Viral infections and 
chemotherapy can transform normal mononuclear 
cells into similar blastic cells9. A false-positive result 
can also result from the contamination of the CSF by 
peripheral blood with blastic cells, contamination of 
the CSF with bone marrow cells21,22 or during a period 
of immunologic reconstitution9. 

There is no absolute consensus about the defini-
tion of the involvement of CNS in leukemias. A CSF 
total cytology increase of more than 5 cells/mm³ is 
considered diagnostic with the unequivocal presence 
of blastic cells23. According to some authors a false-
positive diagnosis can be prevented by diagnosing 
only neuroleukemia in the presence of immature 
cells representing at least 40% to 60% of the total 
cell population24. 

Cellular and biochemical CSF characteristics – Lit-
tle attention has been given to the routine analysis 
of the CSF and its relationship to the clinical data 
on tumoral pathology15,16,25-29. our data showed that 
total CSF cell count was greater in the group with 
malignant cells than the group without malignant 
cells, consisting predominantly of lymphocytes and 
monocytes and in some cases neutrophils supporting 
reports from other studies15,16. Furthermore, other 
studies report an increase in total CSF cell count in 
33 to 79% of cases studied of approximately 68 cells/
mm³, ranging from 18 to 685 cells/mm³. The predomi-
nance of polimorphonuclear cells was found in 44% 
of the cases12,13. For some authors these cellular reac-
tions are in part due to previous surgery15. However, 
this is not the case in the majority of the patients in 
our study who were with ALL. on the other hand, in 

Fig 3. CSF, primary CNS lymphoma associ-

ated with HIV infection, Light microscopy 

(May-Grünwald/Giensa stain, 1,000X). Nu-

cleus/cytoplasm index altered presence of 

multiples nucleoli.
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these cases, intrathecal prophilatically chemotherapy 
could partially explain this pleocythosis. 

In this study, polymorphonuclear cells were found 
in 13% of samples with malignant cells present and 
in 3% of samples without malignant cells (p<0.0001). 
The presence of polymorphonuclear in the CSF is con-
sidered pathological; however after the introduction 
of more efficient concentration techniques, some re-
searchers consider that a small number of neutro-
phils can be present in normal CSF30. The reference 
values of neutrophils are 2% for adults and 4% for 
newborns. In general, it is recommended to always 
consider the presence of a small number of neutro-
phils in the clinical context and in relation to the 
results of other laboratory tests. 

In this study, CSF TP was mildly increased (in re-
lation to normal) in the group with malignant cells 
present. The increase of CSF TP in the group with 
presence of malignant cells was almost two times 
greater than the CSF TP in the group without ma-
lignant cells, however, this increase was not statis-
tically significant. our study reports an increase of 
CSF TP in 37% of samples with involvement of lep-
tomeninges by neoplasm which is less than previous 
reports citing increases of 76 to 86% in cases with 
neoplasms12. The increase in CSF TP in combination 
with multifocal neurological symptoms or alterations 
upon neuroimaging examinations was found in 73% 
of the patients with negative malignant cells in the 
first sample of CSF. The association of increased CSF 
TP and multifocal neurological symptoms or altered 
neuroimaging tests, preferential MRI, can indicate in-
volvement of meninges in the neoplasm. Therefore, 
although not specific, the increase of the CSF TP has 
value in patients whose first sample of CSF was nega-
tive for malignants cells and a previous diagnosis of 
neoplasm12. 

other reports have already described increased 
values of CSF TP content in several types of cerebral 
tumors16,25. This CSF TP increase could be related to 
intracranial hypertension and increased permeability 
of the blood brain barrier that is demonstrated by 
a transudative protein pattern. Moreover, this pat-
tern was found in cerebral tumors with higher in-
cidence than the degenerative or gamma-globulin 
patterns16. Decrease of glucose has been reported in 
29 to 56%12,13 and our findings are in accordance1,9.

our results must be seen carefully because the ma-
jority of patients in this study received intrathecal che-
motherapy. As this confound factor is present in both 
groups probably this didn´t interfere on our results. 

For CSF TP, glucose and total cell count, the sen-
sitivity of these parameters, isolated studied, for the 
indication of presence of malignant cells in CSF of 
patients with clinical suspicion was low but specif-
ity was high. In samples with a moderate increase 
of CSF wBC (11-50 cells/mm3) the sensitivity for the 
presence of malignant cells increases and with cells 
more than 200 cells/mm3 the positive predictive value 
increases.

A high CSF TP (above of 45 mg/dL) and a low CSF 
glucose (less than 45 mg/dL) along with the number 
of CSF total cell count have high Negative Predictive 
Value (NPV) indicating that normal values of CSF TP 
and glucose in samples from patients with clinical 
suspicion of CNS infiltration could help to indicate 
absence of CNS neoplastic infiltration. There is no 
change in NPV increasing the value of the cut off of 
TP, glucose and CSF total cell count. 

Methods with more sensibility and specificity than 
the cellular morphology are necessary to correctly 
identify malignant cells in the CSF. Although CSF cy-
tology is useful, malignant cells are not detected in 
as many as one third of patients who have compel-
ling clinical or radiographic evidence of neoplastic 
meningitis. Novel assays are being tested that may 
enhance the early identification of malignant cells 
in CSF. Currently, the diagnosis occurs generally after 
the onset of neurologic manifestations and heralds 
a rapidly fatal course for most patients27. Imunocy-
tochemistry techniques, immunophenotipagem and 
biochemical or immunologic markers can help in 
this diagnosis7,8,10,27-34. The analysis of CSF biochemi-
cal and cellular characteristics, although not specific 
for the diagnosis of malignant involvement of CNS, 
are important and can help for the diagnosis of CNS 
neoplasm when associated with other clinical or bio-
marker characteristics. 
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