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Narrative review: biomarkers, a hope towards early diagnosis in

primary CNS lymphoma
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Abstract: Primary central nervous system lymphoma (PCNSL) arises in the central nervous system and
remains confined into the brain, an organ with singular biological and immunological characteristics, where
the structured lymphoid tissue is not normally present. Early diagnosis represents one of the main tasks
for clinicians approaching PCNSL patients, because it would allow both a reduction of the risk of cerebral
damage due to the presence of lymphomatous tissue and a limited time of use of steroid therapy, that raises
a higher risk of immunosuppression. To date, diagnostic stereotactic biopsy is required in the most of the
cases with suspicious PCNSL, however the use of less invasive and alternative diagnostic procedures would
limit the surgery related-risks and morbidities, that are described in 8% of the cases. The PCNSL molecular
profile and biological characteristics are poorly known, and the researchers’ efforts have been focused on
studying these aspects only in the last years. In particular, the progressive knowledge on the genomic and
molecular profile of lymphomatous cells and their microenvironment have helped to better characterize the
pathophysiology of PCNSL. However, their diagnostic predictive and prognostic roles still remain unclear
and have not yet been applied into the clinical practice. In this review we have reported the important
advances on the knowledge of the main biomarkers detectable on biological fluids [blood, cerebrospinal fluid
(CSF) and vitreous humor] that include genomic fragments, cytokines and their receptors, surface molecules.
These biomarkers demonstrated a potential role in the early diagnosis of PCNSL, particularly when they
are detected in combination, and some of them showed to have a prognostic value and a role in monitoring

disease response.
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Introduction

Early diagnosis is crucial in the cure of primary central
nervous system lymphoma (PCNSL) patients. Prolonged
exposure of brain parenchyma to tumor infiltration
generates severe neurological impairments, that can be
irreversible with possible consequent loss of autonomy and
poor performance status (PS). Moreover, management of
symptoms related to the central nervous system (CNS)
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lesions usually requires the use of steroids, which produce
confounding effects on neuroimaging, delays of diagnostic
biopsy, as well as complications like diabetes and infections.
All these circumstances compromise patients’ general
conditions and negatively influence both their accrual in
clinical trials and tolerance to treatment with consequent
delay of therapy, reduction of intensity of care and, overall,

their outcome.
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After the onset of neurological symptoms, radiological
features may suggest the diagnosis of PCNSL, but in
order to verify the suspicion, neurosurgical procedures
are essential and represent, along with the subsequent
histopathological assessment, the current gold standard of
diagnosis in this setting. In particular, stereotactic biopsy
is the most frequent way used to collect tumor tissue.
Thus, in cases of deep lesions or after steroids therapy the
risk of ‘misleading diagnosis’ is increased due to a surgical
geographical failure or risk of morbidity. Indeed, 8% of
the patients experience biopsy-related complications,
sometimes with irreversible sequelae (1). Cytology or flow
cytometry assessment on cerebrospinal fluid (CSF) or on
vitreous humor represent possible diagnostic alternatives to
stereotactic biopsy in cases of leptomeningeal or vitreous
involvement, respectively.

However, the differential diagnosis with other
neurological conditions (such as other CNS primary
malignancies, infectious/inflammatory neuro-disorders and
neurodegenerative diseases) should be considered. Clinical
onset is rarely specific for PCNSL, and sometimes graved
of an irreversible diagnostic delay (2-4). Thus, in the last
years, many efforts have been made to identify less invasive
diagnostic approaches, like the assessment of several
biomarkers with the help of more or less modern techniques
such as flow cytometry, next generation sequencing
(including whole genome/whole-exome sequencing),
enzyme-linked immunosorbent assay (ELISA) or
polymerase chain reaction (PCR) on biological fluids (blood,
CSF and vitreous humor) with the aim to extend the liquid
biopsy concept to PCNSL field. In particular, chemokines,
genomic fragments such as cell free DNA and microRNA,
and transmembrane receptors have demonstrated to be
highly sensitive and specific in identifying PCNSL presence
especially when detected into the CSF and/or in the
vitreous humor instead of blood samples, applying them as
promising biomarkers for an early diagnosis of this disease.

Based on this background, the development of alternative
strategies to stereotactic biopsy in order to improve
early diagnosis of PCNSL could be really beneficial and
desirable. Here, we describe the current knowledge and the
developed proposals based on the genomic and molecular
markers discovered in the PCNSL's research.

We present the following article in accordance with the
Narrative Review Reporting Checklist (available at http://
dx.doi.org/10.21037/a0l-20-56).

© Annals of Lymphoma. All rights reserved.

Annals of Lymphoma, 2021

Liquid biopsy in PCNSL
MicroRNA (miRNAs)

MicroRNAs (miRNAs) are noncoding RNA molecules
that are not translated into a protein. They are composed
by small regulatory RNA molecules of 16-22 nucleotides,
that bind the 3’-untranslated regions of messenger RNA
(mRNA) transcripts and inhibit gene expression at a post-
transcriptional level interfering with translational initiation
or degradation of mRNA (5,6). MiRNAs have been shown
to play key regulatory roles in a wide range of genetic
pathways that control cellular differentiation, proliferation
and apoptosis in physiologic as well as in several
pathological conditions. Particularly, the dysfunctional
expression of miRNAs demonstrated to play a direct role
in the pathogenesis of tumors, including hematological
malignancies, functioning as oncogenes (promotors of
gene transcription) and/or tumor suppressors (inhibitors
of gene transcription) (5-7). Detection of miRNAs can be
performed by quantitative reverse transcriptase—polymerase
chain reaction (QRT-PCR) both on tumor samples and on
biological fluids in the form of circulating miRNAs, that
are included in cell membrane-derived particles, such as
apoptotic bodies (8).

Fischer et al. investigated a large miRNAs panel on
paraffin-embedded biopsy specimens obtained from PCNSL
and systemic Diffuse Large B-Cell lymphoma (DLBCL).
Eighteen miRNAs were found to be differentially expressed
between the two subgroups suggesting a different molecular
mechanism in their pathogenesis. MiRNAs upregulated
in PCNSL were associated with the Myc pathway (miR-
17-5p, miR-20a, miR-9), with blocking of terminal B-cell
differentiation (miR-9, miR-30b/c), or with upregulation
by inflammatory cytokines (miR-155). Moreover, some
tumor-suppressor miRNAs (such as miR-199a, miR-214,
miR-193b and miR-145) resulted to be downregulated in
PCNSL (9).

Few studies investigated also the diagnostic value of
circulating miRNAs in extracellular fluids such as CSF and
blood in PCNSLs. Baraniskin et 4/. collected CSF from
patients with histologically confirmed PCNSL (n=23) and
from control subjects (n=30) affected by inflammatory CNS
disorders or other neurological conditions. A CSF miRINA
level diagnostic tree, firstly testing miR-21, followed by
testing for miR-19 or miR-92a elevation, demonstrated
to have a significant diagnostic value in PCNSLs. This
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diagnostic proposal demonstrated a sensitivity of 95% and a
specificity of 97% in PCNSL diagnosis (10). A subsequent
study with a larger cohort of PCNSL patients (n=39),
confirmed the previous findings on the proposed diagnostic
tree reporting a sensitivity of 97.4% in diagnosing PCNSL.
Of note, MiR-21, miR-19b, and miR-92 were detected
also on 14 and 8 serum samples belonging to PCNSL
and control group, respectively. However, no significant
difference on the expression levels on serum samples
between two groups was found (11).

Two more recent study reported a positive correlation
between miRNA-21 expression (a key oncogene in
B-lymphomagenesis) in paired CSF and serum/plasma
samples in PCNSL (12,13). Both studies reported a
higher expression levels of miR21 on serum/plasma of
PCNSL patients compared with those of control groups
composed by glioblastoma, healthy people and, in one of
the studies, also by subjects with CNS inflammation and
brain metastases. Of note, miR21 expression was higher
than the other component in the control group, but it
resulted relatively lower than those observed in PCNSL
patients. Thus, the authors suggested that serum/plasma
miR-21 could discriminate PCNSL from other neurologic
conditions and in particular glioblastoma. However, further
studies demonstrated altered expression of miR-21 on
serum was both in glioblastoma and in brain metastatic
carcinoma patients (e.g., lung and breast), suggesting the
need of more appropriate controls before validating the
diagnostic accuracy of serum miR-21 as biomarker for
PCNSL (14-17).

MiR-30c seems to support lymphoma cells engraftment
into CNS by interaction with CELSR2 (Cadherin EFG
LAG seven-pass G-type receptor 2) gene, that controls the
development and function of ependymal cilia and, thus,
facilitates the circulation of CSFE. Decrease of CELSR2
expression leads to impairment of CSF circulation,
facilitating CNS engraftment of lymphoma cells after their
migration into the CSF from blood circulation (18,19).
MiR-30c levels on CSF are different in PCNSL (n=61)
and secondary CNS lymphoma (SCNSL) (n=14), showing
significantly increased CSF levels in SCNSL patients.
These data suggest that CSF miR-30c can be used as a
biomarker to distinguish between PCNSL and SCNSL
with a sensitivity of 91% and a specificity of 85%. However,
a validation in a larger cohort is needed. Interestingly,
no significant differences in expression levels of miR-30c
in serum between PCNSL patients (n=15) and SCNSL
patients (n=4) were found (20).
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Baraniskin ez /. had reported that high levels of U2
small nuclear RNA fragments (RNU2-1f) on CSF enabled
the differentiation of patients with PCNSL (n=72) from
the controls, represented by subjects with neurological
disorders (n=47), with a sensitivity of 68% and a specificity
of 91%. The diagnostic accuracy was further improved by
combined determination of RNU2-1f and miR-21 with
a sensitivity of 92% and a specificity of 96%. Of note, no
significant differences in the expression levels of RNU-1f
on serum was found between PCNSL (n=14) and control
patients (n=8) (21).

MiRNA detection on biological fluids was performed
by means of real-time PCR, an easy reproducible and
commercially available technique potentially applicable in
clinical practice.

Circulating tumor DNA (ctDNA)

Studies investigating DNA profile on formalin-fixed,
Paraffin-embedded (FFPE) or fresh frozen samples of
PCNSL have identified multiple recurrent gene mutations,
that code members of B-cell receptor (BCR) signaling (i.e.,
MYDS88, CD79B, CARDI11, PIMI, CD79A), epigenetic
regulators (KMT2D, CREBBP, MEF2B, Blimp-1/PRDM1)
and members of cycle/apoptotic signaling pathways
(GNA13, MYC, TP53, CCND3, CDKN2A, ATM)
(22-26). The most frequent mutated genes result to be
MYDS88, PIM1, KMT2D and PRDMI1 that occurred in a
range of 30-66% of PCNSL (27).

In the last years, there has been growing interest in
cancer diagnosis using ctDNA as a source for tumor
biomarkers investigating their diagnostic accuracy. CtDNA
is the result of DNA fragmentation after tumor cells
disruption with passive and active mechanisms of cellular
lysis (apoptosis/necrosis or phagocytosis by macrophages)
with subsequent its release in biological fluids. CtDNAs
are composed by 150-180 bp nucleosomes’ fragments
containing somatic alterations of tumor cells. They can
be exploited to analyze the tumor genotype and could
represent a non-invasive and «real-time» access to
tumor genomic heterogeneity. Thus, ctDNA appears as
a promising tool in early diagnosis, monitoring response
during therapy and assessment of relapse in tumoral
diseases (28). CtDNA becomes recognizable and detectable
when it harbors somatic mutations. Recently, highly
sensitive techniques, such as the droplet digital PCR
(ddPCR) and next-generation sequencing (NGS), have been
employed as investigational strategies to analyze targeted
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mutations on CSF samples (29-31).

Initially, the detection of somatic alterations with NGS
on CSF have showed to have a high accuracy in patients
with brain metastatic solid tumors (sensitivity of 63%) and
with primary brain tumors (sensitivity of 50%). Contrary,
in the control group, represented by subjects without CNS
involvement by tumor, no somatic alterations were observed
on CSF. Furthermore, ctDNA detectable on CSF resulted
to be more sensitive than cytomorphology analysis in
identifying leptomeningeal involvement in metastatic CNS
solid tumors. Somatic mutations were found in 100% of
patients with positive cytology and in 25% of patients with
negative cytology (32). Furthermore, a higher sensitivity in
detecting ctDNA on CSF than on serum (58% vs. 0%) in
patients with tumor limited to CNS was described (33).

CtDNA detectable on CSF has demonstrated to be
a more sensitive tool than standard procedures [flow
cytometry and cerebral Magnetic resonance imaging
(MRI)] to monitor relapse, to identify residual disease and
to predict CNS relapse also in cases of CNS lymphomas
(primary and secondary) or with DLBCL at high risk of
CNS relapse (34).

In PCNSL patients, ctDNAs detectable on serum
samples resulted to have a low sensitivity (24%) in
predicting the presence of lymphoma. The release of
ctDNA in peripheral blood seemed to be independent of
tumor volume or cerebral location. It is yet unclear whether
the corticosteroids administered before fluid samples
collection can influence ctDNA levels (35).

The detection of ctDNA on biological fluids was
performed with actually not-commercially available
techniques that require a large expertise for interpretation
of the results, and this might limit its applicability in clinical
practice.

MYD88 mutations and interleukins (ILs)

The L265P mutation of the MYD88 gene is already used
in the diagnosis of Waldenstrom macroglobulinemia.
Moreover, the MYD88 mutations are more prevalent in the
non-germinal center B-cell (non GCB)-type DLBCL and
seem to play an important supportive role in the diagnosis
of primary vitreoretinal lymphoma (PVRL) (36-38). This
genetic alteration has demonstrated to characterize also
DLBCL arising in immune-privileged sites (testicular and
CNS), occurring in 75% of PCNSL and in 78% of primary
testicular lymphoma, while it is much rarer in systemic
DLBCL (12%) (23,25,39) (see Table I).
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MYDS&E8 mutations and ILs in PVRL

The detection of MYD88 mutations on vitreous humor
has demonstrated to have a high accuracy to identify the
presence of DLBCL cells in the vitreous-retina. MYD88
gene mutations were detected in vitreous humor with both
PCR and DNA sequencing techniques.

The MYD88 mutations were investigated retrospectively
in 75 samples of vitrectomy belonging to 69 patients with
suspicious diagnosis of vitreoretinal DLBCL. MYD88
mutation was evaluated in the vitreous humor firstly with
an allele-specific PCR technique and subsequently validated
by sequencing technics in a separate cohort (n=21) (30,37).
Fourteen patients had a confirmed diagnosis of PVRL
on cytological findings and/or on clonal rearrangement
of immunoglobulin heavy chain (IgH) by PCR, the
other 55 patients had final diagnosis of inflammatory
disease or suspected PVRL due to presence of clonal IgH
rearrangement and of low/small lymphocytes. With allele-
specific PCR technique, MYD88 L265P mutation has been
detected in 50% of the patients (7 out of 14) with diagnosis
of PVRL, and in 11% of the patients (6 out 55) with no
confirmed PVRL (3 cases classified as inflammation and 3
as suspected PVRL). DNA sequencing analysis confirmed
the presence of MYD88 L265P mutation in all positive
cases reported by PCR and additionally identified a rare
mutation (p.P258L) in a case resulted MYD88 L265
wild-type (wt). Review of clinical data has confirmed the
diagnosis of PVRL in 21 of 69 (30%) patients, including 13
out of the 14 with an initial PVRL diagnosis and in all the
6 carriers of MYD88 L265P mutation originally considered
no-diagnostic or suspicious for PVRL. The MYD88 wt
patient, initially diagnosed as PVRL based on numerous
atypical cells and B-cell clonality, was reclassified as having
viral retinitis. Likewise, in the validation cohort of 21 filed
DNA samples derived from vitrectomy specimens, MYD88
L265P mutation was identified in 75% of PVRL patients
(6 out 8) and in none of 13 reactive samples. Considering
the entire population (test and validation cohorts), mutated
MYDS88 (L265 or P258L) were identified in 69% of
clinically, histologically, and molecularly confirmed PVRL.
The authors concluded that the presence of MYD88
mutation represents a significant diagnostic advance in this
rare entity in which often diagnosis is missing due to the
limited material available for analysis (37).

Two studies demonstrated that aqueous humor could
represent an alternative sample to the vitreous humor
for detecting MYD88 mutation (40,41). Both studies
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Table 1 Studies detecting MYD88 mutational status on biological fluid in PCNSL and PVRL patients
Population Diagnostic method Conclusions Reference (study)

Suspected/confirmed PVRL ~ PCR and DNA sequencing
(n=21), suspected/not on vitreous humor samples
confirmed PVRL (n=48).

Validation cohort (PVRL=8;
others intra-ocular
diseases=13)

PVRL (n=23); uveitis (n=40) ddPCR on vitreous and
aqueous humors samples

PVRL (n=8) PCR on vitreous humor (n=6)
and/or aqueous humor (n=8)
samples

PCNSL (n=14) ddPCR and TDS on paired

tumor-derived DNA and
cfDNA on serum/plasma

¢ |n the test and validation cohorts, mutated MYD88 Bonzheim et al. Blood
(L265 or P258L) on vitreous humor was identified 2015 (retrospective) (37)
in 69% of confirmed PVRL.

¢ Detection of MYD88 mutation on vitreous humor
represents a significant diagnostic advance in
PVRL

In the retrospectively collected CSF samples can
introduces inevitable pre-analytic bias

MYDB88 L265P was detected in 74% of PVRL Hiemcke-Jiwa et al.

(17 out 23). No MYD88 mutation was detected in  JAMA Ophthalmol 2018
patients with uveitis. In vitreous fluid, the MYD88 (retrospective) (40)
ddPCR test showed a sensitivity of 75% and a

specificity of 100%

MYD88 mutation was detected in 89% of
aqueous humor samples (8 out 9 cases with
MYDB88 L265P-positive vitreous fluid samples). In
aqueous humor, the MYD88 ddPCR test showed
a sensitivity of 67% and specificity of 100%.

A concordance rate of 89% was observed in 12
paired vitreous fluid-aqueous humor samples.

this study included a relatively large number of
samples of patients with infectious uveitis, while
the differential diagnosis with VRL is usually
represented by noninfectious uveitis

no flow cytometry and cytologic data was
available for comparing the results obtained by
the different laboratory tests

MYDB88 L265P mutation was detected on the Miserocchi
vitreous fluid in 100% of the tested cases (6 out 6) et al. Retina 2019
and on the aqueous humor in 75% of the tested  (prospective) (41)
cases (6/8)

A concordance of 87% was observed between
paired available aqueous and vitreous samples

The analyzed series was small and the
conclusions of the study deserve to be confirmed
in larger cohort of the patients before the
applicability in clinical practice

* MYD88 L265P mutation on tumor-derived DNA Hattori et al. Cancer Sci
was found in 100% of the cases. Variant allele 2018 (retrospective) (42)
frequency range was 10.5%- 87.0%

MYD88 L265P mutation on serum cfDNA was
detected in 57% cases (8 out 14) by ddPCR.
Variant allele frequency range was 0.1%-0.69%.
No MYD88 mutation was detected using TDS.

Table 1 (continued)
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Population Diagnostic method

Conclusions Reference (study)

LPL (n=9); PCNSL (n=3) ddPCR and NGS analysis

on 26 FFPE.

ddPCR on 32 CSF samples

PCNSL (n=29 retrospectively
collected, n=9 prospectively
collected); others diseases
(n=19)

ddPCR on CSF and plasma
(n=10) cfDNA

PCNSL (n=20); SCNSL (n=6) ddPCR and by Sanger
sequencing on 41 CSF and

on 21 FFPE samples

® Concentrations of cfDNA on serum was not
associated with tumor size or outcome

* CfDNA was not detected on serum collected at
the relapse (n=5)

* The analysis of the course of MYD88 mutation in
cell-free DNAs was assessed in a small population
(n=5), for this reason no conclusive consideration
can be made about the role of mutated MYDB88 in
detecting minimal residual disease.

* ddPCR and NGS results on FFPE material showed Hiemcke-Jiwa
100% concordance. et al. Hematol Oncol
2018 (prospective) (30)

* ddPCR is a highly reliable and sensitive method
for detecting MYD88 p.L265P in CSF with a low
concentration of tumor DNA

* ddPCR can be a good alternative for other PCR-
based approaches in detecting genomic mutation
on cfDNA

* no flow cytometry data was available for
comparison between the immunophenotype and
molecular analyses.

* The detection rate of MYD88 p.L265P was Hiemcke-Jiwa et al.
higher in cfDNA samples isolated from fresh CSF  Br J Haematol 2019
prospectively collected (73%) than that obtained  (retrospective and
by CSF samples retrospectively collected (35% prospective) (43)
before treatment and 25% during treatment).

* Myd88 p.L265P was detected in 10 plasma
samples collected in different timepoints from two
not responded cases with PCNSL.

¢ In the retrospectively collected CSF samples,
the detection rate of mutated MYD88 was much
lower, with an inevitable pre-analytic bias

* MYD88 mutations on CSF was detected in 77%
(20 out 26) cases

Watanabe et al. JCO
Precis Oncol 2019
(prospective) (29)

® | 265P results to be the most frequent mutation of
MYD88 gene, occurring in 95% of mutated cases.
More rare results the S219C mutation.

® A concordance of 100% between results on CSF
and FFPE was reported.

¢ the CSF was not collected in Streck cell-free DNA
BCT tubes, this resulted in an unavoidable related
risk of time-dependent degradation of cfDNA.

Table 1 (continued)
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Population Diagnostic method

Conclusions

Reference (study)

Untreated PCNSL (n=36);
rel/ref PCNSL (n=27); DLBCL
at high risk of CNS relapse
(n=44); others neurological
disorders (n=118)

TagMan-based PCR assay

e MYD88 L265P mutation was detected in 72%

Ferreri et al. Br J
Haematol 2021
(retrospective,
prospective) (44)

e of untreated PCNSL and 42% of rel/ref PCNSL,
in 1% of neurological disorder and 2% of DLBCL
patients (p< 0.00001).

* Mutated MYD88 was detected in 15/17 (88%)
PCNSL biopsies, with an 82% concordance in
paired tissue-CSF samples.

® The study has not included among the main
objectives the assessment of MYD88 status
during and after treatment

PVRL, primary vitreo-retinal lymphoma; PCR, polymerase chair reaction; ddPCR, Droplet Digital PCR; PCNSL, primary central nervous
system lymphoma; TDS, targeted deep sequencing; cfDNA, cell free DNA; LPL: lymphoplasmacytic lymphoma; NGC, next generation
sequency; FFPE, formalin fixed paraffin embedded; CSF, cerebrospinal fluid; SCNSL, secondary central nervous syste, lymhpoma;

DLBCL, diffuse large B cell ymhpoma.

have found a good sensitivity in the aqueous humor
(67-75%), with a high concordance between paired
available aqueous and vitreous samples (87-89%). In both
studies, MYD88 mutation has not been found in the control
cohort, represented by patients with uveitis. The aqueous
humor, that required a less invasive aspiration procedure
than vitreous humor, could be used for MYD88 testing
in patients with suspicious of PVRL. However, these
conclusions need to be validated in larger cohort.

Beside MYDS88, an increased level of interleukin ILL.10
was found in the vitreous humor. Elevated IL10 and
an IL10/IL6 ratio >1.0 resulted to be a useful tool for
differentiating between PVRL and intraocular infectious
diseases (such as uveitis) with a sensitivity of 74-90% and
a specificity of 75-85% (45-48). Moreover, an interleukin
score for intra-ocular lymphoma diagnosis (ISOLD) with
the aim to predict the probability of PVRL diagnosis
based on the levels of IL10 and IL6 on vitreous or aqueous
humor was proposed. Subjects with suspicious PVRL were
classified into 4 ordinal groups ranging from “certainly
not PVRL diagnosis” to “certainly PVRL diagnosis” with
an estimated sensitivity and specificity of 93% and 95%,
respectively (49).

A prospective study carried out on 56 patients with PVRL
suggested that besides the IL10 level and the IL10/IL6 ratio
on vitreous humor, also increased levels of IL1 receptor

© Annals of Lymphoma. All rights reserved.

antagonist (IL1RA), chemokines monocyte chemotactic
protein (MCP) and of macrophage inflammatory protein
(MIP)-1b can contribute in differentiating PVRL from non-
PVRL uveitis (50).

MYDS8 mutations and ILs in PCNSL

MYD88 mutation assessment on CSF was performed
by different researchers’ groups in patients with
CNS involvement by large B-cell lymphoma and
Waldenstrom macroglobulinaemia (Bing-Neel syndrome)
(29,30,35,44,51,52).

MYD88 mutations gene on CSF resulted be
retrospectively detectable in 77% (20 out 26) of CNS
lymphoma patients (20 with PCNSL and 6 with CNS
relapse of systemic lymphoma) (29). The L265P mutation
occurred in most of the cases (95%), rarely it was detected
the S219C mutation. In 21 cases with available FFPE tissue
of primary lymphoma, DNA sequencing of MYD88 was
performed also on biopsy tissue, showing a concordance of
100% between CSF and biopsy specimens.

To improve the diagnostic value of MYD88 mutation
in PCNSL patients, a recent retrospective/prospective
study evaluated the sensitivity and specificity of MYD88
mutational status in combination with high levels of IL6 and
IL10, detected on CSF by ELISA (44). A total of 198 HIV-
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negative adults were enrolled. The study cohort included 63
cases with confirmed PCNSL or at presentation (n=36) or
at relapse (n=27), while the control cohort was represented
by subjects with neurological disorders currently considered
in differential diagnosis with PCNSL (n=118: degenerative
and inflammatory disorders, toxic or infective encephalitis,
gliomas and n=44: systemic DLBCL at high-risk of CNS
dissemination). The concomitant presence of MYD88
mutation and high level of IL10 on the CSF demonstrates
to have a sensitivity and specificity to detect PCNSL of
94% and 98%, respectively. The IL.10 level and mutational
status of MYD88 not result significantly associated with
PCNSL features (such as tumor size, the site of involvement
and number of lesions). The authors concluded that these
results support the routine use of the evaluation of MYD88
mutational status along with the level of IL10 on CSF
to diagnose PCNSL, particularly in patients with lesions
localized in areas unsuitable for biopsy (i.e., brainstem,
spinal cord).

IL10 is an anti-inflammatory cytokine that plays a role
in lymphoma development by promoting B-cell lymphoma
proliferation and inhibiting apoptosis (53-55). It’s unclear
whether CSF IL10 is secreted by tumor cells or by
microenvironment. It was observed that the levels of IL10
on CSF in PCNSL patients correlate with infiltration of
tumor associated macrophages (TAM) and with TAM cells
expressing IL10, suggesting that IL10 may be primarily
secreted into the CSF by TAMs (56). However, PCNSL
tumor cells express IL10. Furthermore, other brain tumors
such as T-cell PCNSL and primary or secondary CNS
solid tumors that present TAM infiltration, show negligible
IL10 levels into the CSF. To date, the molecular mechanism
behind elevated IL10 on CSF of PCNSL remains unclear.
However, it has been hypothesized that the excessive
activation of the NF-k B pathway secondary to MYD88
L265P, CD79B and CARD11 mutations can cause an
increased secretion of IL-10 with the aim to inhibit tumor
microenvironment (38), thus promoting tumorigenesis and
progression (57). Of course, further studies are required to
confirm this hypothesis.

Whitcup’s group first reported increased level of IL10 on
CSF in two cases of PCNSL (58). Subsequently, few studies
reported a correlation between CSF IL10 and PCNSL,
suggesting that CSF IL10 may act as a biomarker of this
disease (59-63). Although, the sensitivity and specificity of
CSF IL10 in PCNSL diagnosis varies across the reports.
Moreover, to date, some issues remain unanswered and the
most important of them looks the optimal cut-off value of
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IL10 detectable on CSF to distinguish PCNSL from other
pathological conditions such as CNS infection, secondary
CNS tumors and CNS autoimmune diseases.

Song et al. prospectively investigated the diagnostic value
of IL-10, I1.-6, 11.-8 and tumor necrosis factor o (TNF-a)
on CSF of 22 PCNSL patients and 80 patients with other
CNS diseases (other brain tumors, neuroinfectious or
neurodegenerative diseases). CSF IL10 was significantly
higher in PCNSL patients than in the control group
(median 74.7 vs. <5.0 pg/mL, P<0.000). Using a CSF IL10
cutoff value of 8.2 pg/mL, the diagnostic sensitivity and
specificity for PCNSL were 95% and 96%, respectively.
Moreover, using a CSF IL10/IL6 ratio cutoff value of
0.72, the sensitivity was 96%, and the specificity was
100%. Conversely, a low diagnostic value for PCNSL was
found with both IL8 and TNF-a. They also investigated
the prognostic role of CSF IL10 level observing that an
increased value both at diagnosis and post-treatment was
predictive for a poor progression free survival (PFS). Based
on these results, the authors concluded that increased CSF
IL10 was a reliable diagnostic biomarker for PCNSL, and
that IL10/IL6 ratio facilitates differentiation from other
neurological disorders (63).

MYD88 mutational status and IL6 and IL10 levels on
biological fluid were detected by means of RT-PCR and
ELISA, respectively. Both these are rapid, easy to assess
and commercially-available techniques. For this reason,
MYDS88 and IL10 represent ideal candidates as detectable
biomarkers on biological fluids also in routine clinical
practice.

CD79B

CD79B, a gene encoding for the IgB protein of the BCR,
is frequently mutated in PCNSL (64). In particular,
mutations of this gene tend to occur in the portion coding
the immunoreceptor tyrosine-based activation motif ITAM)
region causing persistently active BCR signaling, and thus
NF-«B signaling activation.

Recently, a Japanese group evaluated the mutations of
CD79B along with those of MYD88 in the DNA extracted
from the vitreous fluid of 17 patients with PVRL upon
diagnosis by using direct sequencing and allele-specific
PCR (65). MYD88 L265P was detected in 71% of the study
population (12/17) consistently with previous report, while
the positivity rate of CD79BY196 was 35% (6/17). Among
17 patients, 11 patients (65%) showed CNS progression
during the follow-up period of 11-103 months (mean
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of 38 months). All patients with CD79BY196 mutation
developed CNS disease, while by contrast five of the eight
patients CD79Bwt did not have CNS disease. Moreover,
CNS disease onset was significantly earlier (16.5 months) in
patients with mutated CD79B than patients with CD79Bwt
(67 months; P=0.0135). Based on these results the authors
concluded that, despite the study limitations due to the
small sample size and the relatively short observation
period, detecting CD79BY196 in vitreous DNA may have
a diagnostic and prognostic value in PVRL, thus deserving
further evaluation.

Chemokines and soluble ligands

The molecular basis of tropism and selective dissemination
of lymphoma within the brain seem to be essential for the
pathogenesis of PCNSL. In vitro chemotactic responses
by large B-cell lymphoma cells isolated from brain lesions
have been demonstrated in response to chemokines ligands
12 (CXCL12) and 13 (CXCL13), that are classified as
neurotropic factors (66,67).

Diagnostic sensitivity of IL10 and CXCL13 on CSF
samples have been investigated in a retrospective series
of 60 PCNSL (43 at presentation and 17 at relapse), 23
SCNSL (10 at the presentation and 13 at relapse) and 137
controls (20 primary or secondary brain tumors, 71 neuro-
inflammatory conditions, 46 malignancies and infections
originated outside of brain) (60). High concentrations of
either CXCL13 (>116 pg/mL) or IL-10 (>23 pg/mL) in
the CSF demonstrated to have a sensitivity of 84% and a
specificity of 91% in the diagnosis of non-HIV PCNSL.
Elevation of both biomarkers into the CSF showed a higher
specificity (99%) but at cost of lower sensitivity (50%) in
detecting PCNSL. Of note, the authors reported a rate
concordance of 89% between the level of IL10 on CSF
and the activated Jak-1 expression on the examined biopsy
(n=9). This result suggests that intra-tumoral phospho-Jak-
1 may be a biomarker of pro-survival cytokine signaling
in CNS lymphomas (68). The authors concluded that the
assessment of CXCL13 and IL10 on CSF may constitute
a complementary diagnostic information in PCNSL cases
with sensitivity significantly greater than reference standard
CSF analysis (cytology and flow cytometry), and equivalent
to the diagnostic sensitivity of stereotactic biopsy. Although
a prospective larger cohort and the definition of a more
appropriate threshold are needed before translate this
conclusion in general practice.

Regulation of B-cell homeostasis involves a complex

© Annals of Lymphoma. All rights reserved.

Page 9 of 14

system that comprises two ligands [B-cell activating factor of
the tumor necrosis factor family (BAFF) and a proliferation
inducing ligand (APRIL)], and three receptors (B-cell
maturation antigen (BCMA), transmembrane activator and
CAML interactor (TACI), and BAFF-receptor) (69).

It was demonstrated that soluble TACI (sTACI)
and soluble BCMA (sBCMA) levels on CSF reflect the
expression of these markers on the cell surface of PCNSL
(70,71) and did not correlate necessarily with CSF cell
count. A prospective monocentric study investigated the
diagnostic potential of sTACI and sSBCMA in CSF (n=176)
and serum (n=105) as biomarkers of PCNSL. sTACI and
sBCMA are significantly increased in patients with PCNSL
(sTACI, median: 445 pg/mL; sBCMA, median: 760 pg/mL)
compared with controls (subjects with neuro-inflammatory,
neuro-infectious, neuro-degenerative disorders or with
other brain malignancies). With a cutoff value of 68.4 pg/
mL, sTACI shows high sensitivity (88%) and specificity
(88%), with a cutoff value of 460 pg/mL sBCMA results
less sensitive (73 %) and specific (71.8%) for the diagnosis
of PCNSL. The combination of both markers increases
the specificity (97%), however, at the cost of a lower
sensitivity (64%). In serum, both sTACI and sBCMA did
not result increased in PCNSL patients. The levels of both
markers on CSF were analyzed also during disease course
in 24 patients (in 10 at relapse and in 14 at achievement
of complete remission). Moreover, long-term longitudinal
analysis was performed in two patients. The levels of both
sTACI and sBCMA were elevated at the time of diagnosis
and during relapses, conversely their levels were low at
the time of remission. The authors concluded that sTACI
and sBCMA in the CSF are promising new biomarkers for
diagnosis and for monitoring therapy response in PCNSL.
However, these findings need to be validated in a larger
sample size (72).

In a prospective study, levels of APRIL and BAFF were
detected on CSF of subjects with suspected focal brain
lesions (n=116), including 53 CNS lymphoma (CNSL)
patients (PCNSL =46, SCNSL =7). CSF levels of APRIL
(above the cut-off value of 6.59 ng/mL) and BAFF (above
a cutoff of 299 pg/mL) reliably differentiated CNSL from
other focal brain lesions (including primary and metastatic
brain tumors, autoimmune-inflammatory lesions, and
neuroinfectious lesions) with a specificity of 93.7% and
sensitivity of 77% (APRIL, BAFF). Serial CSF analysis
of 17 CNSL patients during chemotherapy and at relapse
demonstrate a close correlation of APRIL CSF levels and
the course of the disease. In this prospective study, the
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authors illustrated the potential of APRIL and BAFF as
reliable diagnostic and therapeutic biomarkers in CNSL.
However, they also highlighted that these results must
be validated in an independent cohort. Moreover, special
considerations should be given for the differential diagnosis
with herpes simplex virus encephalitis and multiple sclerosis,
conditions where both these ligands play a central role in
the inflammatory process (73).

The detection of the above reported cytokines and
ligands were performed with ELISA, a laboratory test
already widely used in most centers.

Other biomarkers

Other biomarkers, initially considered promising to
predict PCNSL diagnosis, proved to be less sensitive in
more extended studies. One example is represented by
CD27, that is a receptor expressed in the most of the
B-cell malignancies (74). Kersten er 4/. demonstrated that
soluble CD27 (sCD27) is increased in the CSF in case
of leptomeningeal involvement by acute lymphoblastic
leukemia and lymphoid malignancies included PCNSL.
A high diagnostic value of CSF sCD27 in detecting
leptomeningeal involvement with a sensitivity of
100% and specificity of more than 80% was reported
(75-77). However, the inadequate control groups and small
numbers of analyzed population may have represented a
possible bias in the interpretation of the final results. High
levels of sCD27 in the CSF were also reported in CNS
infectious and inflammatory diseases. Subsequent studies
did not confirm the diagnostic accuracy of CSF sCD27 to
predict leptomeningeal involvement by B-cell malignancies
showing a low positive predictive value (54%) (78,79).

Pro-inflammatory cytokines detectable on CSF such
as neopterin and osteopontin were proposed as potential
diagnostic biomarkers for CNS lymphoma demonstrating
higher levels in this subgroup of patients respect to a
control group composed by CNS inflammatory disorders,
brain tumors other than lymphoma or healthy people
(80,81). However, these results need to be validated in
larger prospective studies.

Conclusions

To date, early diagnosis using a minimally invasive
diagnostic procedure represents one of the major
challenges for improving the management of patients
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with neuro-radiological suspicion of PCNSL. Indeed,
PCNSL diagnosis is still based on stereotactic biopsy and
histopathological analysis. However, in clinical practice,
the collection of tumor tissue is a highly invasive procedure
hampered by the risk of both severe complications such
as cerebral bleeding and “inconclusive biopsy” because of
geographical misses in case of deep lesions. The researchers’
efforts in the last years have brought into the light some
biomarkers released and detectable in the biological fluids,
represented by genomic and molecular material suggestive
for the presence of lymphoma cells in the CNS and in
the vitreoretinal compartment (see Table 2). All these
biomarkers could be potentially used for the so-called “liquid
biopsy”, a non-invasive method to detect tumor-related
aberrations using biological fluid samples (blood, CSF and
vitreous humor), instead of lymphoma tissue. In particular,
mutated MYD88 and high levels of IL-10 detected on
CSF and/or on vitreous humor represent promising ideal
diagnostic biomarkers for PCNSL and PVRL. The use
of easy, rapid and commercially available techniques for
their detections, makes possible the routine assessment
of these two biomarkers. However, potential implications
of these diagnostic procedures in patients with suspected
PCNSL deserve to be explored in future trials. Indeed,
some important questions still remain open and deserve to
be investigated in prospective studies. In particular, how
the steroid therapy, performed before collecting biological
fluid samples for the detection of the reported biomarkers,
and how the biopsy of the primary lesion could influence
the release of such biomarkers are unknown. The CSF
represents the better sample for the detection of circulating
biomarkers in PCNSL patients, because of its higher
diagnostic accuracy respect to other biological fluids like the
peripheral blood. However, some conditions, also if rare,
can contraindicate the spinal tap. For this reason, further
efforts should be carried out in order to identify alternative
fluid samples or other surrogate to CSF analysis. Moreover,
as suggested by the several biomarkers already studied,
the way to obtain a reliable liquid biopsy in PCNSL is
still long and need the collaborative efforts of clinical and
preclinical researchers. Indeed, we have to keep in mind
that this technique not only has the potential to allow early
diagnosis, but could also include the possibility to evaluate
minimal residual disease, to study the clonal evolution over
time, and to represent a potential prognostic and predictive
tool which might help to improve, in a more comprehensive
way, the outcome and quality of life of PCNSL patients.
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Table 2 Biomarkers in PCNSL/PVRL and their accuracy
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Biomarkers (biological fluid) Primary lymphoma Sensitivity Specificity
miR-21 plus miR-19 or miR-92 (CSF) CNS 95% 97%
miR-30c (CSF) CNS 91% 85%
RNU2-1f (CSF) CNS 68% 91%
miR-21 and RNU2-1f (CSF) CNS 92% 96%
IL10 (CSF) CNS 95% 96%
MYD88 L265P mut plus elevated IL10 (CSF) CNS 96% 97%
IL-10/IL-6 (CSF) CNS 96% 100%
Elevated CXCL13 or IL-10 (CSF) CNS 84% 91%
Elevated sTACI and sBCMA (CSF) CNS 97% 64%
Elevated APRIL and BAFF (CSF) CNS 94% 77%
MYD88 L265P mut (vitreous humor) VR 90% 96%
IL10 (vitreous humor) VR 74-90% 75-85%

PCNSL, primary central nervous system lymphoma; CNS, central nervous system; CSF, cerebrospinal fluid; VR, vitreous retina.
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