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The diagnosis of primary central nervous system lymph-
oma (PCNSL) by radiographical examination is often
difficult because of its similarity to other brain tumors.
To test whether interleukin-10 (IL-10) and IL-6 can be
used to distinguish PCNSL from other brain tumors
that are radiographically similar, cerebrospinal fluid
(CSF) levels of IL-10 and IL-6 were measured in 66
patients with intracranial tumors (PCNSLs: 26 cases;
other brain tumors: 40 cases). In the patients with
PCNSLs, the median CSF levels of IL-10 and IL-6 were
27 pg/mL and 5.4 pg/mL, respectively. The CSF IL-10
and IL-6 levels were significantly higher in PCNSLs
than in the other brain tumors. To validate the diagnos-
tic value of CSF IL-10 in PCNSL, we prospectively
examined 24 patients with brain lesions that were sus-
pected to be PCNSL. We observed that the CSF IL-10
levels were significantly higher in PCNSLs than in
other brain tumors. At an IL-10 cutoff level of 9.5 pg/mL,
the sensitivity and specificity were 71.0% and
100%, respectively. After therapy, the CSF IL-10
levels were decreased in all patients and were incre-
ased at relapse in most of these patients.
Immunohistochemically, all PCNSLs, except for 1 un-
classified PCNSL, expressed both IL-10 and IL-10 recep-
tor-A. In the patients with high CSF IL-10, IL-10
expression levels in tumor were relatively higher, com-
pared with low CSF IL-10; however, there was no
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significant difference between these groups. In addition,
elevated CSF level of IL-10 was significantly associated
with having a shorter progression-free survival (hazard
ratio, 3.37; 95% confidence interval, 0.985-11.528;
log-rank, P = .038). These results indicate that the
CSF level of IL-10 may be a useful diagnostic and prog-
nostic biomarker in patients with PCNSLs.
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rimary central nervous system lymphomas
P(PCNSLS) represent 3%—5% of primary brain

tumors. PCNSL is a rare type of non-Hodgkin
lymphoma (NHL) and is predominantly of B cell
origin." The incidence of PCNSLs has increased over
the past 3 decades, especially in immunocompetent
persons.” In contrast to most primary malignant brain
tumors, PCNSLs are sensitive to corticosteroids, chemo-
therapy, and radiotherapy. Durable, complete responses
and long-term survival are possible with these treat-
ments; however, outcome for patients with PCNSL is
substantially worse than for patients with systemic
NHL.”

PCNSL is currently diagnosed by performing a histo-
logical examination of a brain biopsy specimen. The pre-
operative diagnosis is often suggested by its radiographic
appearance.’ Multiple lesions are observed in approxi-
mately 30% of patients and frequently occur within
the cerebral white matter near the corpus callosum, in
the basal ganglia and thalamus, and in the cerebellum.
MRI modality is fairly sensitive in detecting PCNSLs.
Because of the high cellularity and decreased water
content because of a high nucleus-to-cytoplasm ratio,
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there is T2 shortening combined with a relative lowering
in signal intensity in these tumors.’ Diffusion-weighted
imaging has also been helgpful in distinguishing these
masses from other lesions.” However, PCNSL may be
associated with a large spectrum of radiological presen-
tations and can simulate other brain tumors, such as
glioblastoma and metastatic brain tumor. Therefore,
the preoperative diagnosis of PCNSL by radiographic
appearance alone is often misleading.

Cytological and chemical examination of the cere-
brospinal fluid (CSF) is also an important tool for the
diagnosis of some brain tumors. High CSF concentra-
tions of P-human chorionic gonadotropin or
a-fetoprotein, plus concordant features on brain
MRI, are used to diagnose CNS germ cell tumors
and can eliminate the need for craniotomy.* In add-
ition, in patients with AIDS, detection of Epstein-Barr
virus (EBV) DNA in the CSF using polymerase chain
reaction (PCR), in addition to neuroimaging, may es-
tablish the presence of a CNS lymphoma. However,
PCNSL in the immunocompetent population is not
associated with EBV infection.” Because early diagnosis
and treatment of PCNSL attenuates disease progression
and neurologic deterioration, useful biomarkers are
required to facilitate diagnosis.

It is well established that cytokines are deregulated in
a variety of hematological disorders.® Some cytokines
may act as tumor cell growth factors, inhibitors of apop-
tosis, attractors of immune cells, mediators affecting
tumor-stromal cell interactions, facilitators of invasion
or promoters of angiogenesis.®~® IL-10 is a pleiotropic
cytokine produced by type-2 helper cells (Th2), mono-
cytes and macrophages, and normal and neoplastic B
lymphocytes.” ! IL-10 was first described as a growth
and differentiation factor for B lymphocytes that
induced activated B cells to secrete large amounts of im-
munoglobulin. IL-10 is also known to have broad anti-
inflammatory properties because of its suppression of
both macrophage and dendritic cell function.”'"'* In
addition, IL-10 increases Bcl-2 expression and protects
malignant cells from apoptosis.'”'* Thus, IL-10 may
play various roles in the development of lymphoma.
Conversely, IL-6 is a potent lymphoid growth and differ-
entiation cytokine that is produced by various cell types,
including benign and malignant B and T lymphocytes,
monocytes, macrophages, fibroblasts, and hepato-
cytes.®~® Its pleiotropic activities are reflected in its par-
ticipation in the physiological regulation of immune
function and inflammatory responses, among others.

In some studies, serum IL-6 and IL-10 levels were
identified to be high in patients with aggressive, systemic
NHL.">'® Serum IL-10 levels are also elevated in ap-
proximately half of patients with Hodgkin lymphoma
and strongly correlated with prognosis independent of
other factors.'” In addition, high IL-10 levels were
reported to be in the vitreous of most patients with
primary intraocular lymphoma. This is a helpful
adjunct to further confirm diagnosis of primary intrao-
cular lymphoma.'®'? In contrast, there are only a few
reports stating that the occurrence of PCNSL is asso-
ciated with an elevated CSF IL-10 level.**~%
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The aim of this work was to evaluate the diagnostic
value of IL-10 and IL-6 levels in the CSF samples from
patients with PCNSL and other intracranial malignant
tumors. We demonstrated that an elevated level of CSF
IL-10 was highly associated with the occurrence of
PCNSLs. Furthermore, the CSF IL-10 level reflected
PCNSL disease progression. In addition, pretherapy
high CSF IL-10 levels were associated with having a
shorter progression-free survival (PFS) and overall sur-
vival (OS). These results suggest that the CSF level of
IL-10 may be a helpful biomarker of PCNSLs for diag-
nosis and prediction of prognosis.

Materials and Methods

Case Control Study and Patients

To evaluate the diagnostic value of the CSF IL-10 and
IL-6 levels in patients with PCNSL and other malignant
brain tumors, 66 patients with preoperative brain
tumors suspected of being PCNSLs on radiographic
examination were retrospectively studied. Those
patients were treated at the Department of
Neurosurgery, University of Kobe (Japan), from
January 2004 through November 2010. Preoperative
diagnostic procedures included MRI and/or computed
tomography (CT). In addition, for preoperative diagno-
sis, 2-5 mL of CSF was drawn from the patients by
lumbar puncture after informed consent. This study
included 26 PCNSLs and 40 other brain tumors. Of
the 26 cases of PCNSL, 20 cases were diffuse large B
cell lymphoma (DLBCL), 3 cases were PCNSL with
intraocular lymphoma (IOL), 2 cases were T cell lymph-
oma (TCL), and 1 case was an unclassified PCNSL. Of
the 40 cases of other brain tumor types, 16 cases were
glioblastoma, 5 cases were anaplastic astrocytomas, 1
case was an anaplastic oligodendroglioma, 4 cases
were low-grade gliomas, 1 case was a brain stem
glioma, 2 cases were ependymomas, 4 cases were germ
cell tumors, and 7 cases were metastatic tumors. To
obtain a pathological diagnosis, brain biopsies or
tumor removals were performed after written informed
consent. Three patients with PCNSL with IOL received
a diagnosis by vitrectomy. One patient with brain stem
glioma did not undergo biopsy and received a diagnosis
by MRI and treatment response.

Prospective Study for CSF IL-10

To verify the diagnostic value of IL-10 and IL-6 expres-
sion in the CSF from patients with PCNSL, we con-
ducted a prospective study at the Department of
Neurosurgery, University of Kobe, from December
2010 through August 2011, which was approved by
the ethical review board of our institution. Patients
with brain tumors or brain lesions that were preopera-
tively suspected of being PCNSLs after radiographic
examination were prospectively studied. Patients who
had symptoms of increasing intracranial pressure, such
as severe headache, nausea, vomiting, and papilloedema,
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were excluded because lumbar puncture is considered to
be high risk. In addition, the patients who had severe
brain shift because of tumor and peritumoral edema
were also excluded. Twenty-four patients were pre-
operatively suspected of having PCNSL by MRI at the
time of admission (Supplementary Fig. S1). These 24
patients were enrolled in this prospective study. To
examine the CSF samples, the patients underwent
lumbar puncture after informed consent, and IL-10
and IL-6 CSF levels were preoperatively analyzed, in
combination with routine biochemical examinations, in-
cluding lactate dehydrogenase, B2-M, and sIL-2R. To
obtain pathological diagnosis, brain biopsies or tumor
removals were performed after written informed consent
was provided. Twelve patients underwent biopsy, and
10 patients underwent tumor removal with craniotomy.
Two patients with pontine glioma did not undergo
biopsy and received a diagnosis by MRI and treatment re-
sponse. Five patients received a diagnosis of PCNSLs, 8
patients with glioblastoma, 2 patients with oligodendro-
glioma, 1 patient with anaplastic ependymoma, 1
patient with diffuse astrocytoma, 2 patients with pontine
glioma, 1 patient with chordoma, 1 patient with germi-
noma, 1 patient with metastatic tumor, and 2 patients
with multiple sclerosis. This prospective study was
approved by the ethical review board of our institution.

CSF Samples and Determining Cytokine Concentration

CSF samples (3—5 mL) were obtained from the patients
by lumbar puncture after informed consent. All samples
were coded. The CSF samples were immediately centri-
fuged (15 min at 2000 x g at 4°C) and stored at
—70°C for protracted investigation without intermedi-
ate thawing. IL-10, IL-6, IL-2R, and B2-M levels in the
CSF were examined during or after routine biochemical
and pathological examinations. The CSF concentrations
of IL-10 and sIL-2R were measured using a human
enzyme-linked immunosorbent assay. IL-6 levels were
measured using a human chemiluminescent enzyme im-
munoassay. B2-M was measured using a latex
agglutination-turbidimetric immunoassay. The limits
of the tests for the quantification of IL-10, IL-6,
sIL-2R, and B2-M levels were 2 pg/mL, 0.3 pg/mL,
50 U/mL, and 200 pg/L, respectively.

Treatment of PCNSL and Follow-Up

Treatment of all patients with PCNSLs is displayed in
Table 1. Of 31 patients with PCNSLs, 22 patients
received high-dose methotrexate therapy. Methotrexate
(4-6 g/m?) was given as an intravenous infusion over
a 3-hour period on day 1. Leucovorin rescue began
24 h after the methotrexate infusion. One patient
received rituximab, cyclophosphamide, adriamycin, vin-
cristine, and prednisone because of renal dysfunction.
Eight patients did not receive chemotherapy (3 patients
received steroid therapy alone, and 5 patients received
radiotherapy alone). Twenty-six patients received radio-
therapy (RT); of these, 25 patients underwent
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conventional RT (whole brain plus local irradiation)
and 1 patient underwent stereotactic radiosurgery
(y-knife). In whole brain irradiation, both eyes were
included in the RT field. Twenty-one patients received
both chemotherapy and radiotherapy. After completion
of the treatments, the patients underwent an MRI to
evaluate treatment response. In addition, the patients
underwent lumbar puncture, and CSF analyses were per-
formed after informed consent. Additional follow-up
scans and CSF analysis were performed if clinically ne-
cessary. Radiographic response was based on complete
response (CR), which referred to the absence of tumor
enhancement on post-treatment contrast MRI scan.
Partial response (PR) was considered to be a reduction
of at least 50% of the contrast-enhancing MRI
volume, which is the sum of the products of all the
maximum diameters of the measured lesion or lesions.
Stable disease (SD) indicated objective regression of the
measured contrast-enhancing MRI volume, less than
required to meet the criteria for partial response or less
than a 25% increase in the measurable lesion.
Progressive disease (PD) was considered to be an in-
crease in the sum of the products of the maximum dia-
meters by 25% or more. PFS was determined from the
onset of treatment until relapse, disease progression, or
the last follow-up evaluation. OS was determined from
the onset of treatment until the last follow-up evaluation
or death from any cause.

Immunohistochemistry of 1L-10, IL-10RA, and Bcl-2

Archived paraffin blocks of patients with PCNSL from
the Department of Pathology of our hospital were used
for immunostaining. Serial sections were deparaffinized,
immersed in methanol with 0.3% hydrogen peroxide,
and heated in 0.01 M citrate buffer (pH, 6.0) for
15 min by autoclaving (121°C, 2 atm). The sections
were incubated with IL-10 (ab34843; Abcam),
IL-10RA  (Millipore), or Bcl-2 (C-2; Santa Cruz
Biotechnology) primary antibodies at 4°C overnight.
The sections were allowed to react with peroxidase-
conjugated anti-rabbit IgG polyclonal antibody for
IL-10RA and anti-mouse IgG polyclonal antibody for
Bcl-2 (Histofine Simple Stain MAX-PO; Nichirei) for
60 min. Reaction products were visualized by immersing
the sections in 0.03% diaminobenzidine solution con-
taining 2 mM hydrogen peroxide for 5 min. Nuclei
were lightly stained with Mayer’s hematoxylin.
Immunohistochemical reactivity was evaluated and clas-
sified into 4 groups: (-) negative in lymphoma cells, (1+)
weakly positive in lymphoma cells, (24) moderately
positive in lymphoma cells, and (3+) strongly positive
in lymphoma cells. Examples of this classification are
displayed in Supplementary Fig. S5.

Statistical Analysis

The values of IL-10 and sIL-2R below the detection
limits of the assays were set at 2 pg/mL and 50 U/mL,
respectively. Differences between the groups were
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Table 1. Patient clinical characteristics, CSF examination, and prognosis in all PCNSLs

Case Age/Sex Pathology Tumor No. CSF cytology IL-10 IL-10 IL-10  IL-6 IL-6 Treatment  Respons PFS Rec. OS  Status
single/ Papanicolaou  pre-treat  post-treat rec. pre-treat  post-treat to (mo.) (mo.)
multiple classification (pg/mL)  (pg/mL) (pg/mL) (pg/mL) (pg/mL) Treatment

1 77/M DLBCL Multiple  class Il 1280 950 235 51.3 202 MTX/SRS PR 7 + 36 Dead

2 64/M DLBCL Multiple class Il 1090 <2 - 16.2 1.3 MTX/RT CR 39 - 39 Alive

3 46/F DLBCL Multiple  class II 647 <2 522 7.8 1.6 RT CR 12 + 19 Dead

4 73/F DLBCL Multiple  class | 212 <2 - 3.6 37 MTX/RT CR 10 - 10 Alive

5 66/M DLBCL Single - 160 <2 - 7.2 33 MTX/RT CR 7 + 8 Dead

6 58/M DLBCL Multiple  class Il 69 - - 10.1 - R-CHOP/RT CR 4 + 5 Dead

7 68/M DLBCL Multiple  class Il 62 6 - 5.1 5.9 MTX/RT CR 8 + 9 Dead

8 67/M DLBCL Multiple  class I 51 <2 16 4.3 3 MTX/RT CR 25 + 30 Alive

9 80/M DLBCL Multiple - 45 20 - 18.4 219 Steroid PD 1 + 2 Dead

10 58/M DLBCL Single - 42 <2 - 4.8 25 MTX/RT CR 16 - 16 Alive

11 65/M DLBCL Multiple  class I 42 - - 238 - Steroid PD 1 + 2 Dead

12 67/F DLBCL Single class Il 29 9 2400 3 53 MTX/RT PR 6 + 7 Dead

13 68/M DLBCL Single class Il 13 <2 - 6.6 33 MTX/RT CR 31 - 31 Alive

14 83/M DLBCL Multiple  class | 10 - 3 264 - MTX/RT CR 39 + 53 Alive

15 61/M DLBCL Multiple - 10 <2 - 2.8 2.4 MTX/RT CR 10 - 10 Alive

16 76/F DLBCL Single - 8 <2 - 4.2 2.6 MTX/RT CR 27 - 27 Alive

17 55/M  DLBCL Multiple  class | 8 <2 - 3.9 5.2 MTX/RT CR 17— 17 Alive

18 36/M DLBCL Multiple  class Il 7 <2 8 4.9 6.4 MTX/RT PR 4 + 16 Dead

19 67/F DLBCL Single class Il <2 <2 <2 167 6.2 MTX/RT PR 5 + 6 Dead

20 79/M DLBCL Multiple  class II <2 - - 52 - MTX CR 24 - 24 Alive

21 79/M PCNSL with IOL  Single class |l 1610 <2 11 75.4 4 MTX/RT CR 5 + 27 Dead

22 63/M PCNSL with IOL  Single class Il 27 <2 - 6.5 7.4 MTX CR 36 - 36 Alive

23 72/F PCNSL with IOL  Single class Il 12 9 - 1.2 15 RT CR 40 + 44 Dead

24 67/M TCL Single - <2 <2 - 5.4 12.1 MTX/RT CR 9 + 10 Dead

25 47 /M TCL Multiple  class Il <2 <2 - 1.3 0.3 RT CR 58 - 58 Alive

26 53/F Unclassified Single class | <2 - - 3 - RT CR 53 - 53 Alive

<Prospective

study>

1 60/M DLBCL Multiple - 5 <2 - 4.4 286 MTX/RT CR 7 - 7 Alive

2 71/M DLBCL Single class | 53 <2 - 6.2 5.5 MTX/RT PR 7 - 7 Alive

3 83/M DLBCL Single - 13 <2 - 13.9 3.6 Steroid PD 2 + 3 Dead

4 55/F DLBCL Multiple class 11 42 26 - 6.8 7.4 RT CR 5 - 5 Alive

5 62/M DLBCL Single - 118 <2 - 6.8 4.6 MTX/RT PR 3 - 3 Alive

Abbreviations: DLBCL, diffuse large B-cell lymphoma; IOL, intraoular lymphoma; TCL, T-cell lymphoma; R-CHOP, rituximab, cyclophosphamide, adriamycin, vincristine, prednisone; MTX,
methotrexate; RT, radiation therapy; SRS, stereotactic radiosurgery; rec, recurrence; rec-, no recurrence; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.

ISNDd 104 4aspewolq [nyasn Ajfeinuazod e st QL1 45D '[e 30 ewekeses



Sasayama et al.: CSF IL-10 is a potentially useful biomarker for PCNSL

analyzed using the Mann-Whitney U test. The correl-
ation between the groups was assessed using
Spearman’s rank test. Survival (PFS and OS) was esti-
mated using the Kaplan-Meier method, and significance
was determined by the log-rank test. Univariate analysis
was performed with Cox’s proportional hazard model.
P < .05 was considered to be statistically significant.
Statistical analysis was performed using the SPSS,
version 12.0, software package (SPSS).

Results

Case-Control Study of Pretreatment CSF Levels
of IL-10, IL-6, B2-M, and sIL-2R

IL-10, IL-6, B2-M, and sIL-2R concentrations of CSF
were measured in 66 patients with brain tumors.
Twenty-six patients had PCNSLs (20 cases of DLBCL,
3 cases of PCNSL with IOL, 2 cases of T-cell lymphoma,
and 1 case of unclassified PCNSL), and 40 patients had
other brain tumor types (16 cases of glioblastoma, 5
cases of anaplastic astrocytoma, 1 case of anaplastic
oligodendroglioma, 4 cases of low-grade glioma, 1
case of brain stem glioma, 2 cases of ependymoma, 4
cases of germ cell tumors, and 7 cases of metastatic
tumor). Five patients with PCNSLs and all 40 patients
with other brain tumor types had IL-10 CSF levels
below the detection limit (<2 pg/mL) (Table 1). Seven
patients with PCNSLs and 30 patients with other brain
tumor types also had CSF levels of IL-2R below the de-
tection limit (<50 U/mL) (Table 1). Median CSF levels
of IL-10, IL-6, B2-M, and sIL-2R were 27 pg/mL
(range, <2 to 1610 pg/mL), 5.4 pg/mL (range,
1.2-264 pg/mL), 4084 pg/L (range, 970-11239 pg/L),
and 100 U/mL (range, <50 to 978 U/mL), respectively
(Table 1). On the other hand, in the patients with other
brain tumor types, the median CSF levels of IL-10, IL-6,
B2-M, and sIL-2R were <2.0 pg/mL, 2.7 pg/mL (range,
0.8-4780 pg/mL), 1200 pg/L (range, 172-2600 ng/L),
and <50 U/mL (range, <50 to 87 U/mL), respectively
(Table 1). Median CSF levels of IL-10, IL-6, B2-M, and
sIL-2R were significantly higher in the patients with
PCNSL than in those with other brain tumors (P < .001,
P=.017, P <.001, and P < .001, respectively; calculated
using the Mann-Whitney U test) (Fig. 1).

Prospective Study of Pretreatment CSF Levels of 1L-10,
IL-6, B2-M, and sIL-2R

Twenty-four patients were enrolled in this prospective
study (Supplementary material, Table S1). All
patients had brain lesions that were suspected of being
PCNSL on the basis of MRI findings (Supplementary
Fig. S1). All patients, except for 2 patients with brain
stem tumors, underwent surgery for diagnosis
(Supplementary material, Table S1). The 2 patients
with brain stem lesions received a diagnosis by a radio-
logical examination (eg, MR spectroscopy) and treat-
ment response. All patient characteristics are listed in
Supplementary material, Table S1. Six patients had a
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high concentration of IL-10 in their CSF, and 18 patients
had a concentration of IL-10 below the detection limit.
Five patients received a diagnosis of PCNSLs, 8 patients
with glioblastoma, 2 patients with oligodendroglioma, 2
patients with pontine glioma, 1 patient with diffuse
astrocytoma, 1 patient with anaplastic ependymoma, 1
patient with germinoma, 1 patient with chordoma, 1
patient with metastatic tumor, and 2 patients with mul-
tiple sclerosis. Five of 6 patients with high concentra-
tions of IL-10 received a diagnosis of PCNSL; the
other patient received a diagnosis of anaplastic ependy-
moma, and concentration of the CSF IL-10 was 9 pg/mL.
However, there were no PCNSLs in patients with
CSF 1IL-10 levels below the detection limit. In patients
with PCNSLs, median CSF levels of IL-10, IL-6, f2-M,
and sIL-2R were 42 pg/mL (range, 5-118 pg/mL),
6.8 pg/mL (range, 4.4-13.9 pg/mL), 4983 pg/L
(range, 2303-6166 pg/L), and 88 U/mL (range, <50
to 3495 U/mL), respectively. In the patients with other
brain tumor types, the median CSF levels of IL-10,
IL-6, B2-M, and sIL-2R were <2.0 pg/mL (range, <2
to 9pg/mL), 2.7 pg/mL (range, 0.8-221 pg/mL),
1164 wg/L (range, 410-2075 pg/L), and <50 U/mL,
respectively. The median CSF levels of IL-10, IL-6,
B2-M, and sIL-2R were significantly higher in patients
with PCNSLs than in those with other brain tumors
(P<.001, P=.017, P <.001, and P < .001, respecti-
vely; calculated using the Mann-Whitney U test).

Twelve patients had biopsy performed, and 10
patients underwent tumor removal with craniotomy.
Preoperative IL-10 measurement in the CSF was
useful for clinical decision-making, especially for deter-
mining appropriate operation methods. For example, in
patient 11, who had a right temporal lobe tumor, the
CSF IL-10 level was under the detection limit
(<2 pg/mL). This tumor was resectable, and therefore,
tumor removal with a craniotomy was performed. In
contrast, in patient 15, who had a left temporal lobe
tumor, the tumor was resectable but the CSF IL-10
was high (118 pg/mL). A biopsy was planned, and
chemo-radiotherapy was started immediately after
surgery. One patient, who had a left parietal anaplastic
ependymoma (patient 13), had a slightly high 1L-10
concentration (9 pg/mL) in CSF. A craniotomy with
general anesthesia was planned for this patient
because of the low levels of sIL-2R and B2-M.
In addition, a total tumor resection was performed
after the intraoperative diagnosis of ependymoma.
Taken together, the preoperative measurement of CSF
IL-10 was very useful for diagnosis and treatment
decision-making.

Measuring the CSF Levels of 11L-10 Is a Useful
Diagnostic Biomarker for PCNSLs

Figure 2 displays the receiver-operator characteristic
(ROC) curves of the CSF levels of IL-10, IL-6, B2-M,
and sIL-2R in all patients. The areas under the curves
and confidence intervals are 0.916 (0.837-0.994),
0.681 (0.568-0.793), 0.934 (0.871-0.998), and 0.848
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Fig. 1. Pretherapy CSF levels of IL-10, IL-6, B2-M, and sIL-2R in PCNSL and other brain tumor types. The difference between PCNSL and
other brain tumor types was statistically significant (**P < .001, #*P < .05, Mann-Whitney U test). PCNSL, primary CNS lymphoma; OBT,
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Fig. 2. Receiver-operator characteristic (ROC) curves of the CSF
IL-10, IL-6, B2-M, and sIL-2R levels (IL-10: sensitivity 0.71,
specificity 1.00 at 9.5 pg/mL; IL-6: sensitivity 0.77, specificity
0.63 at 4.0 pg/mL; B2-M: sensitivity 0.90, specificity 0.88 at
2056 pg/L; slL-2R: sensitivity 0.57, specificity 0.81 at 77 U/mL).

(0.747-0.950) for IL-10, IL-6, B2-M, and SIL-2R, re-
spectively. ROC curves showed that the discrimination
power of IL-10 or B2-M levels were better than that of
sIL-2R or IL-6 levels for the presence of a PCNSL

(Fig. 2). At an IL-10 cutoff level of 9.5 pg/mL, the sen-
sitivity and specificity were 71.0% and 100%, respect-
ively. Similarly, a cutoff of 2056 pg/L in 32-M yielded
a specificity of 90.3% and a sensitivity of 88.0%.
Finally, a cutoff of 77 U/mL in sIL-2R yielded a specifi-
city of 56.7% and a sensitivity of 81.0%.

Relationship Between the CSF Levels of 1L-10,
Tumor Number, and Histology

The number of tumors (single/multiple) was not asso-
ciated with the CSF levels of IL-10 (Table 1). We exam-
ined the association between dissemination and the CSF
levels of IL-10 in 22 patients with PCNSL; however,
there were no patients with CSF dissemination
(Table 1). In 25 patients with DLBCL, the median
levels of TL-10, IL-6, B2-M, and sIL-2R were 42 pg/mL,
6.6 pg/mL, 4700 pg/L, and 121 U/mL, respectively
(Supplementary material, Table S2). In adddition,
in 3 patients with PCNSL with IOL, the median
CSF levels of IL-10, IL-6, B2-M, and sIL-2R were
27 pg/mL, 6.5 pg/mL, 3110 ng/L, and <50 U/mL,
respectively. In 3 patients with other PCNSLs, the
median CSF levels of IL-10, IL-6, B2-M, and sIL-2R
were <2.0 pg/mL, 3.0 pg/mL, 1297 pg/L, and
55.4 U/mL, respectively. The CSF level of IL-10 was sig-
nificantly higher in the patients with DLBCLs and
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PCNSL with IOL than in the patients with other
PCNSLs (P < .01); however, differences in IL-6,
sIL-2R, and B2-M were not observed (Supplementary
Fig. S2). These results indicated that the IL-10 CSF
levels in patients with DLBCL are higher than in patients
with other PCNSLs.

Posttreatment CSF Concentrations of IL-10 and 1L.-6

In 26 of 31 patients with PCNSLs, the CSF levels of
IL-10 and IL-6 were measured after completion of
therapy (Fig. 3, Table 1). The posttherapy CSF concen-
tration of IL-10 was lower than at the pretherapy meas-
urement in all patients analyzed. In 20 patients (80%),
the CSF levels of IL-10 were below the detection limit
(<2 pg/mL). The median CSF value of IL-10 was
<2 pg/mL. Only 1 patient (case 1) had a high postther-
apy level of IL-10 (950 pg/mL); however, this patient’s
pretherapy IL-10 level was higher than at posttherapy.
The CSF levels of IL-6 were increased in 12 patients and
decreased in 14 patients at posttherapy; the median CSF
levels of posttreatment IL-6 were 4.3 pg/mL. These
results suggested that the posttreatment measurements
of IL-10 agreed with the tumor status in each of the
patients with PCNSL who had high CSF levels of IL-10
before treatment. One example (case 2) is illustrated in
Fig. 4. This patient had a PCNSL in the right occipital
lobe and corpus callosum, with an IL-10 concentration
of 1090 pg/mL (Fig. 4A). When the tumor rapidly
regressed spontaneously without any treatment, such as
steroid or antitumor drugs, the CSF concentration of
IL-10 decreased to 113 pg/mL (Fig. 4B). Subsequently,
tumors developed at the bilateral frontal lobes, and the
CSF concentrations of IL-10 were elevated again to
675 pg/mL (Fig. 4C). After chemo-radiotherapy, the

IL-10

(pg/ml)
(1610)
(1230)
(1090)

(647) (950)

(212)

(160)

Pre-treat Post-treat

tumors disappeared (complete response) and the CSF
IL-10 levels decreased to <2 pg/mL (Fig. 4D).

CSF Levels of I1L-10 at Recurrence

Tumor recurrence occurred in a total of 16 patients. In 8
of these patients, IL-10 measurements were performed at
the time of recurrence. In 5 patients, the 1L-10 CSF
levels were elevated (Table 1). A high level of IL-10
(2400 pg/mL) was revealed in 1 patient (case 12) who
had many lymphoma cells in the CSF, and diagnosis of
CSF dissemination was made. (Supplementary Fig. S3).
One patient (case 19) had IL-10 levels <2 pg/mL at re-
currence, which was likely because both pre- and post-
treatment IL-10 levels were below the detection limit
(<2 pg/mL). Serial CSF measurements of IL-10 agreed
with tumor status on the basis of objective criteria (neu-
roimaging) in each of the patients with PCNSL who had
high levels of IL-10 before treatment. Two examples are
depicted in Supplementary Fig. S3 and S4.

IL-10 and I1L-10RA Expression in PCNSLs

To examine whether the PCNSL tumor cells express
IL-10 protein, we performed immunohistochemical
examination of 28 PCNSL specimens, except for the 3
PCNSLs with IOL. In 27 of these specimens, 1L-10
was expressed in tumor cells. Most of the tumor cells
stained positive for IL-10. Immunohistochemical re-
activity was evaluated and classified into 4 groups: nega-
tive (—), weak (1+), moderate (2+), and strong (3+)
(Supplementary Fig. S5). Negative, weak, moderate,
and strong expression was observed in 1 case (3%), 7
cases (25%), 10 cases (36%), and 10 cases (36%), re-
spectively. Of 6 patients with high levels of IL-10
(>100 pg/mL), 4 patients showed strong expression of

IL-6

(pg/mi) (286)

(202)

Pre-treat Post-treat

Fig. 3. Changes of the CSF levels of IL-10 and IL-6 from pretreatment to posttreatment in the patients with PCNSLs.
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Fig. 4. The relationship between the state of the tumor and the CSF concentrations of IL-10 and IL-6. (Case 2) (A) Pre-treatment. Brain MRI
revealed enhanced lesions in the right occipital lobe and the corpus callosum. At this time, IL-10 and IL-6 concentration were 1090 pg/mL
and 16.2 pg/mL, respectively. (B) Spontaneous regression. Three weeks later, (A) the tumor rapidly regressed without any treatment. CSF
concentrations of IL-10 and IL-6 fell to 113 pg/mL and 2.8 pg/mL, respectively. (C) Tumor re-progression. After spontaneous regression, the
tumors developed again in the bilateral frontal lobes. CSF concentrations of IL-10 and IL-6 were elevated at 675 pg/mL and 8.3 pg/mL,
respectively. (D) Post-treatment. After chemo-radiotherapy, the tumors disappeared (complete response) and CSF IL-10 and IL-6 levels

fell to <2 pg/mL and 1.3 pg/mL, respectively.

IL-10 in lymphoma cells and 2 patients showed moder-
ate expression of IL-10. However, of 5 patients with
an IL-10 value below the detection limits, the strong,
moderate, weak, and negative expression of IL-10 in
lymphoma cells was observed in 1 case, 1 case, 2
cases, and 1 case, respectively. Next, PCNSL specimens
were classified into 2 groups based on the CSF levels of
IL-10: >20 pg/mL was defined as high CSF IL-10,
and <20 pg/mL was defined as low CSF IL-10. In the
group with high CSF IL-10 (7 = 15), negative, weak,
moderate, and strong expression was observed in 0
cases (0%), 1 case (7%), 5 cases (33%), and 9 cases
(60%), respectively (Table 2). On the other hand, in
the group of low CSF IL-10 (nz = 13), negative, weak,
moderate, and strong expression was observed in 1
case (8%), 6 cases (46%), 5 cases (38%), and 1 case
(8%), respectively (Table 2). There was no significant
difference between the high CSF IL-10 group and the
low CSF IL-10 group in terms of IL-10 immunoreactiv-
ities in tumor cells. However, the patients expressing
high levels of IL-10 in the CSF had a tendency to
express high IL-10 levels in the tumor cells (Fig. 5).

To compare the expression levels of IL-10 in PCNSLs
with those in other brain tumors, we investigated immu-
nohistochemstry of IL-10 with use of 14 glioma

Table 2. Relationship between CSF IL-10 and immunostaining of
IL-10, IL-10RA and Bcl-2 in lymphoma cells

CSF IL-10 CSF IL-10
Low (<20 pg/mL) High (>20 pg/mL)
n=13 n=15

IL-10 expression - 1 0

1+ 6 1

2+ 5 5

3+ 1 9
IL-10RA - 1 0

expression

1+ 3 1

2+ 2 7

3+ 7 7
Bcl-2 expression - 6 0

1+ 2 6

2+ 3 2

3+ 2 7

specimens (9 glioblastomas, 1 anaplastic astrocytoma,
1 diffuse astrocytoma, 1 anaplastic oligodendroglioma,
1 oligodendroglioma, and 1 ependymoma). Negative,
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Patient 2 3
(IL-10:1090 pg/ml) &

Patient 5
(IL-10:160 pg/ml) §

Patient 19
(IL-10:<2 pg/ml)

IL-10RA Bcl-2

Fig. 5. Immunohistochemistry of IL-10, IL-10RA, and Bcl-2 in 3 patients with PCNSL. Upper panels: Patient 2 displays a very high CSF
concentration of IL-10. Expression levels of IL-10, IL-10R, and Bcl-2 were all strong (3+). Middle panels: Patient 5 displays high CSF
concentration of IL-10. Expression levels of IL-10, IL-10R, and Bcl-2 were moderate (2+), moderate (2+), weak (1+), respectively.
Lower panels: Patient 19 displays a CSF concentration of IL-10 that is below the detection limit. Expression levels of IL-10, IL-10R, and
Bcl-2 were moderate (2+), strong (3+), and weak (1+), respectively. (Original magnification: 400x).

weak, moderate, and strong expression was observed in
2 cases, 6 cases, 6 cases, and 0 cases, respectively.
Compared with PCNSLs, the expression levels of IL-10
in glioma cells were relatively low (Supplementary
Fig. S6).

Next, we examined IL-10RA expression in PCNSL
cells. Most of the tumor cells were positive for
IL-10RA and IL-10. Negative, weak, moderate, and
strong expression was observed in 1 case (4%), 4 cases
(3%), 9 cases (29%), and 14 cases (45%), respectively
(Table 2). However, there was no association between
CSF IL-10 levels and IL-10RA expression in tumor
cells (Table 2).

Association of 1L-10 Levels with Bcl-2 Expression

Previous studies determined that the activation of
IL-10R by IL-10 results in an increase in activated
STAT3 and subsequent Bcl-2 expression.'®!*?3
Therefore, to examine the correlation between CSF
IL-10 levels and the protein expression of Bcl-2 in
PCNSLs, immunohistochemical analyses were per-
formed. The PCNSL samples were classified into 2
groups based on the CSF levels of IL-10 and the levels
of IL-10 and IL-10RA. In 15 cases in the group with
high CSF IL-10, the negative, weak, moderate, and
strong expressions of Bcl-2 were observed in 0 cases
(8%), 6 cases (50%), 2 cases (50%), and 7 cases
(42%), respectively (Table 2). On the other hand, in
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13 cases with low CSF IL-10, the negative, weak, mod-
erate, and strong expressions of Bcl-2 were seen in 6
cases (46%), 2 cases (46%), 3 cases (38%), and 2
cases (16%), respectively. There was no statistically sig-
nificant difference between these groups. However,
Bcl-2 expression was moderately higher in the group
with high CSF IL-10 than in the group with low CSF
IL-10. Next, we analyzed the correlation between the
IL-10 and Bcl-2 immunoreactivities in tumor cells
using Spearman’s rank test. Significant correlation was
determined (P = .0077). In addition, there were signifi-
cant correlations between IL-10RA expression and
Bcl-2 expression in PCNSL cells (P =.038). These
results indicate that IL-10 and IL-10RA expression
levels in tumor cells may influence Bcl-2 expression.

Association of CSF IL-10 Levels with Prognosis

During initial treatment, 21 patients underwent chemo-
therapy plus radiotherapy, 5 patients underwent radio-
therapy alone, 2 patients underwent chemotherapy
alone, and 3 patients underwent steroid therapy alone.
After treatment, 22 patients had a CR, 6 patients had
a PR, and 3 patients had PD. In 28 patients treated
with radiotherapy and/or chemotherapy, the pretreat-
ment CSF levels of IL-10 and IL-6 were not associated
with treatment response. In addition, CSF levels of
IL-10 and IL-6 after therapy were not associated with
the treatment response. The mean follow-up period
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Fig. 6. (A) Comparison of Kaplan—Meier PFS curves according to CSF IL-10 levels (low IL-10: <28 pg/mL (n = 14), high IL-10: >28 pg/mL
(n =14)) (log-rank test). (B) Comparison of Kaplan-Meier OS curves according to CSF IL-10 levels (low IL-10: <28 pg/mL (n = 14), high

IL-10: =28 pg/mL (n = 14)) (log-rank test).

was 21.9 months (range, 3—58 months). Of 28 patients
treated with radiotherapy and/or chemotherapy, 17
patients survived and 11 patients died. Median survival
time was 44 months, and the median time to progression
was 39 months. With use of a univariate analysis with
Cox’s proportional hazards model and the log-rank
test, elevated CSF levels of IL-10 were significantly asso-
ciated with having a shorter PFS (hazard ratio [HR],
3.37; 95% confidence interval [CI], 0.985-11.528;
log-rank, P = .038) (Fig. 6A). In addition, no statistical-
ly significant association was identified between the CSF
IL-10 levels and OS; however, trends were observed for
the elevated CSF IL-10 level and having shorter OS (HR,
3.58; 95% CI, 0.918-13.94; log-rank, P =.050)
(Fig. 6B). No statistically significant correlation was
identified between OS or PFS and the CSF levels of
IL-6, B2-M, or IL-2R. In addition, IL-10, IL-10R, and
Bcl-2 expression levels in tumor cells were not statistical-
ly associated with OS or PFS.

Discussion

In this study, we determined that measuring IL-10 levels
in the CSF is a useful tool for the diagnosis of PCNSL. A
high CSF IL-10 level was observed in most of the
patients with PCNSLs, especially in DLBCL and
PCNSL with IOL. Of surprise, all 59 other brain
tumor types analyzed, except for 1 anaplastic ependy-
moma, had a CSF concentration of IL-10 below the de-
tection limit (<2 pg/mL). On the basis of the ROC
curve, sensitivity was 71.0% and specificity was 100%
at an IL-10 level of 9.5 pg/mL (Fig. 2). Both sensitivity
and specificity of CSF IL-10 were better than those of
CSF IL-6 or sIL-2R and are similar to those of CSF
B2-M. Three patients had very high concentrations of
IL-10 (>1000 pg/mL) before treatment. In contrast, 5
cases of PCNSLs had IL-10 levels below the detection
limit (<2 pg/mL) before treatment. Of these, 2 cases
were T cell lymphoma, and 1 case was an unclassified
PCNSL. In this study, CSF IL-10 levels were associated
with lymphoma histology; however, further studies

are required because the number of patients with
T cell lymphoma or other types of lymphoma was very
small.

Preoperative diagnosis is very important for neuro-
surgeons, because the surgical procedure is different
for different intracranial tumor types. For example,
total resection is frequently required for metastatic
brain tumors, and gross total resection is the standard
care for malignant gliomas. However, a biopsy or
partial removal is sufficient in PCNSLs, because
chemo-radiotherapy is quite effective. Therefore, if the
preoperative diagnosis is PCNSL, stereotactic biopsy
by burr hole surgery would be selected. In contrast, if
the preoperative findings strongly suggested another
brain tumor, such as malignant glioma, tumor removal
with large craniotomy would be performed.
Radiographically, PCNSLs can simulate other brain
tumors, such as malignant gliomas, germ cell tumors,
and brain metastases.” MR spectroscopy and perfusion
MRI seem to be helpful tools when showing some sug-
gestive abnormalities; however, none of these signs is
specific.’ In our prospective study, preoperative IL-10
measurement of CSF was practically very useful in clin-
ical decision-making. For example, when the IL-10
levels were low and the tumor was resectable, tumor
removal with craniotomy was performed. In contrast,
when the tumor was large and resectable but the CSF
IL-10 was high, stereotactic biopsy or open biopsy
with local anesthesia was selected and postoperative
chemo-radiotherapy could be started immediately. The
results of our study indicate that a high IL-10 CSF
level, in addition to neuroimaging of the brain tumor,
may establish the presence of PCNSL and may help neu-
rosurgeons make a prompt decision regarding brain
biopsy.

Several proteins in the CSF are reported to be helpful
for the diagnosis of PCNSL. Jeffery et al. found that the
CSF B2-M level is a useful adjunct to the cytological
diagnosis of CNS lymphoma.”* In addition, Kersten
et al. reported that soluble CD27 levels in the CSF are
elevated in patients with meningeal localization of
lymphoid malignancies involving PCNSLs.”® In
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addition, the CSF level of sIL-2R is reported to be a valu-
able marker of CNS involvement in patients with NHL
or acute lymphocytic leukemia.?®*” Recently, Roy
et al. proposed that an elevated CSF level of antithrom-
bin III was associated with the presence of CNS
lymphoma.?®

The high level of IL-10 in the CSF of patients with
PCNSL was first reported in 1997;** however, there
are only 2 reports on this topic. Whitcup et al. found
that the elevated CSF levels of IL-10 were associated
with the presentation of malignant cells in CSF in
patients with PCNSLs.”> They also showed that an
IL-10/IL-6 ratio >1 is associated with CNS lymphoma.
Subsequently, Salmaggi et al. analyzed the CSF levels of
IL-10 in various brain tumors, including PCNSLs.>" The
CSF IL-10 level in PCNSL (mean, 14.8 + 23 pg/mL)
was significantly higher than in other CNS tumors
(mean, 0.23 + 0.26 pg/mL), which is consistent with
our results. However, the number of patients analyzed
in their study was very small (11 cases of PCNSLs and
11 cases of other CNS tumors), compared with our
study (31 cases of PCNSLs and 59 cases of other CNS
tumors).

Several investigators have measured the CSF level of
IL-10 in patients with other diseases. Gallo et al. inves-
tigated CSF IL-10 levels in 120 patients with various in-
flammatory and noninflammatory diseases of the CNS
and observed high levels of IL-10 in patients with
acute viral (aseptic) meningitis, HIV-related encephal-
itis, HIV-related cryptococcal meningitis, and encepha-
lomeningeal sarcoidosis.”” Luca et al. also observed
high levels of IL-10 in various AIDS-related CNS dis-
eases, such as AIDS-related CNS lymphoma, crypto-
coccal  meningitis, and  Toxoplasma  gondii
encephalitis.*® Furthermore, the level of IL-10 in the
CSF was markedly high in patients with eosinophilic
meningitis associated with angiostrongyliasis.”! In con-
trast, in patients with neuro-Behcet,”* multiple scler-
osis,”” tuberculous meningitis,”® Alzheimer’s disease,’*
and migraine headache,® the CSF level of IL-10 was
not elevated. Recently, Krzyszkowski et al. reported
that the CSF level of IL-10 was decreased in patients
with high-grade astrocytoma, compared with that in
age- and sex-matched control patients.’® Their results
are very interesting, because in our study, IL-10 CSF
levels in the patients with high-grade astrocytoma were
below the detection limit (<2 pg/mL).

Here, the CSF level of IL-10 was not elevated in the
patients with CNS T cell lymphoma. Although IL-10 is
one of the cytokines implicated in the pathogenesis of
DLBCL and acts as an autocrine or paracrine growth
factor for B cell lymphoma cells, some evidence suggests
that IL-10 may be associated with progression in T cell
NHLs.>” Increased production of IL-10 mRNA was
demonstrated in peripheral T cell lymphomas and
nasal natural-killer/T cell lymphomas.”®*” In addition,
there have been some reports of high IL-10 level in the
serum of T cell lymphoma.**=** In our study, tumor
cells in 2 patients with CNS T cell lymphoma were posi-
tive for IL-10; however, both patients had low CSF levels

378 NEURO-ONCOLOGY * MARCH 2012

of IL-10. Because there were only 2 patients with T cell
lymphoma in this study, additional studies should be
performed to examine the CSF level of IL-10 in patients
with CNS T cell lymphomas.

Several reports have shown that an elevated IL-10
plasma level is correlated with poor prognosis in sys-
temic DLBCL.'%1%%34* On the basis of these results,
Nacinovi¢-Duleti¢ et al. proposed that the IL-10
serum level before treatment of patients with systemic
DLBCL may give some insight into the prognosis
and, thus, facilitate the therapeutic decision-making
process for individual patients.'® In addition to
DLBCL, high IL-10 serum levels were reported to be
an unfavorable prognostic factor for patients with
Hodgkin lymphoma'” and adult T cell leukemia/
lymphoma.*® However, no studies have linked the
CSF level or serum level of IL-10 to prognosis of
PCNSL. In this study, a significant association was
found between PFS and the CSF level of IL-10. In add-
ition, trends were observed for patients having elevated
CSF IL-10 levels to shorter OS. To our knowledge,
ours is the first report to associate a higher CSF level
of IL-10 with an unfavorable prognosis in patients
with PCNSL.

High levels of Bcl-2 are known to be a poor prog-
nostic factor in patients with lymphoma. Bcl-2 is de-
tectable in 56%—-85% of PCNSL cases.*** In this
study, 76% of PCNSLs were positive for Bcl-2 by
immunohistochemical analysis; however, there was no
association between Bcl-2 expression and OS or PFS.
IL-10/IL-10R interaction leads to survival of lympho-
cytes via tyrosine phosphorylation of JAK1 and
TYK2.*” In addition, several reports have described
the association of IL-10 with Bcl-2 through the tran-
scriptional factor STAT3.'*!%%3 In our study, patients
with high levels of CSF IL-10 had a tendency to
exhibit high expression of Bcl-2 in lymphoma cells.
In addition, expression levels of IL-10 in tumor cells
were significantly correlated with Bcl-2 expression
levels. In contrast, Bcl-2 expression was very low in
most of the gliomas, which also exhibit low levels of
IL-10 in tumor cells and in the CSF (data not
shown). Although various factors regulate Bcl-2 ex-
pression*® and although the exact role of IL-10 in the
pathogenetic mechanisms of proliferation and apop-
tosis of PCNSL cells has not yet been fully established,
our results indicate that the CSF level of IL-10 might be
associated with Bcl-2 expression in PCNSLs.

In conclusion, the IL-10 levels in the CSF were iden-
tified as being a useful marker in the diagnosis of
PCNSLs, especially of DLBCL. PCNSL progression
and therapeutic response were reflected by the increase
and decrease in the CSF levels of IL-10 in many of the
patients. In addition, this study suggests a significant as-
sociation between the elevated CSF level of IL-10 and an
unfavorable prognosis; however, the number of patients
analyzed in this study was small. Therefore, larger
numbers of patients are required to determine whether
an elevated CSF level of IL-10 is truly associated with
poor prognosis and outcome.
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