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Abstract
Some patients with primary central nervous system lymphoma (PCNSL) may initially present with similar clinical, magnetic 
resonance imaging, and routine cerebrospinal fluid (CSF) findings as those observed in multiple sclerosis (MS). The MRZ 
reaction (MRZR), composed of the three respective antibody indices (AIs) against measles, rubella, and varicella zoster 
virus, appears to be the most specific CSF marker for MS. This study aimed to determine whether a positive MRZR and other 
routine CSF markers help differentiate between MS and PCNSL. Data regarding brain biopsy, CSF routine tests, cytopatho-
logical examination and immunophenotyping of CSF cells were assessed in 68 PCNSL patients. MRZR was determined, as 
possible, in PCNSL patients (n = 37) and in those with MS (n = 74; age and sex matched to PSCNL patients) and psychiatric 
disorders (PD; n = 78). Two stringency levels for a positive antibody index (AI) evaluation (AI ≥ 1.5 and 2.0) were applied, 
and MRZR was considered positive in cases with ≥ 2 positive AIs (MRZR-2). Using the common AI threshold of ≥ 1.5, MS 
patients exhibited positive MRZR-2 (58.1%) more frequently than PCNSL (8.1%) and PD patients (2.6%; p < 0.0001 for each 
comparison with the MS group) corresponding to a positive predictive value (PPV) of 89.6% and a negative predictive value 
(NPV) of 78.0%. On applying the stricter AI threshold of ≥ 2.0, 37.8% of MS patients were MRZR-2 positive; however, all 
patients with PCNSL and PD were MRZR-2 negative (p < 0.0001 for each comparison with the MS cohort) resulting in a 
PPV of 100% and an NPV of 71.4%. Consequently, a positive MRZR-2 result may contribute toward the distinction between 
MS and PCNSL owing to its high specificity and PPV for MS in the context of the present study. Among the other CSF 
parameters only a quantitative intrathecal IgG synthesis (present in 49.3% of MS patients but in none of the PCNSL or PD 
patients; p < 0.0001 for each comparison with the MS group) reliably indicated MS rather than PCNSL.

Keywords  Primary central nervous system lymphoma · Intrathecal polyspecific antiviral immune response · MRZ 
reaction · Multiple sclerosis

Abbreviations
AI	� Antibody index
AIs	� Antibody indices
CNS	� Central nervous system
CSF	� Cerebrospinal fluid

ECOG PS	� Eastern Cooperative Oncology Group Perfor-
mance Status

Ig	� Immunoglobulin
IgG/M/A	� Immunoglobulin G/M/A
LDH	� Lactate dehydrogenase
LP	� Lumbar puncture
MRI	� Magnetic resonance imaging
MRZR	� Measles virus, rubella virus, and varicella 

zoster virus reaction
MS	� Multiple sclerosis
NPV	� Negative predictive value
OCB	� Oligoclonal bands
PCNSL	� Primary central nervous system lymphoma
PD	� Psychiatric disorders
PPMS	� Primary progressive MS

Tilman Hottenrott and Elisabeth Schorb are first authors and have 
contributed equally to this study.

Dominique Endres and Oliver Stich are senior authors and have 
contributed equally to this study.

 *	 Tilman Hottenrott 
	 tilman.hottenrott@uniklinik‑freiburg.de

Extended author information available on the last page of the article

http://orcid.org/0000-0001-5216-0960
http://crossmark.crossref.org/dialog/?doi=10.1007/s00415-018-8779-x&domain=pdf


1107Journal of Neurology (2018) 265:1106–1114	

1 3

PPV	� Positive predictive value
QAlb	� Albumin quotient
RRMS	� Relapsing–remitting MS
SD	� Standard deviation

Introduction

Primary central nervous system lymphoma (PCNSL) is a 
form of extranodal non-Hodgkin lymphoma without the 
evidence of systemic spread that mainly affects the brain 
and less frequently the cerebrospinal fluid (CSF), eyes or 
the spinal cord. PCNSL accounts for about 6% of all cases 
of malignant brain neoplasia [1, 2]. Histopathologically, 
PCNSL is a B-cell lymphoma in > 96% [3] that expresses 
monoclonal light chain immunoglobulins (Igs) in 90% [4]. 
Even though immunodeficiency is a strong predisposing fac-
tor, PCNSL also occurs in immunocompetent subjects at an 
average age of 55 years with an increase in the incidence 
rates over the past few decades [4]. Patients with PCNSL 
gradually develop neurologic symptoms within days or 
weeks. The most frequent symptoms are focal neurologic 
deficits (56–70%) [1], including hemiparesis and, less com-
monly, blurred vision or decreased visual acuity owing to an 
involvement of one or both eyes (10%) [4, 5]. Thus, PCNSL 
can mimic the clinical onset of multiple sclerosis (MS), 
especially of the primary progressive MS (PPMS) which 
usually starts at around 50 years of age [6]. In up to 50% 
of immunocompetent PCNSL patients, magnetic resonance 
imaging (MRI) initially shows multiple and often bilateral 
periventricular lesions that may appear very similar to those 
observed in MS [4]. In the CSF analyses of PCNSL patients, 
routine parameters often show only unspecific alterations 
(e.g. slightly increased total cell count in up to 50% and oli-
goclonal bands (OCB) in 30% [4]; both findings compatible 
with MS also). Cytopathological examinations of the CSF 
cells reveal leptomeningeal dissemination of PCNSL in only 
10–15% [7, 8]. Thus, making a distinction between MS and 
PCNSL can be challenging in some cases and require a brain 
biopsy, the diagnostic gold standard [9].

The MRZ reaction (MRZR) is a polyspecific intrathe-
cal humoral immune response found in patients with MS. It 
comprises antibody synthesis against the three most frequent 
antigens measles (M), rubella (R), and varicella zoster (Z), 
assessed using the three respective antibody indices (AIs) 
[10]. Several studies have shown a positive MRZR in the 
majority of relapsing–remitting MS (RRMS) patients [11] 
as well as in PPMS patients [6]. The pathophysiological 
role of MRZR remains unclear to date; the main clinical 
significance is its potential to contribute to the differential 
diagnosis of MS because a positive MRZR appears highly 
specific for MS [11]. This is especially helpful in distin-
guishing MS patients from healthy subjects [12] and those 

with autoimmune [13–15] or infectious MS-mimics [16, 17]. 
However, the prevalence of a positive MRZR in PCNSL 
is unknown. Therefore, this study aimed to assess the fre-
quency of a positive MRZR in PCNSL patients compared to 
that in patients with MS and those with psychiatric disorders 
(PD).

Patients, materials, and methods

Patients

This was a retrospective study that enrolled patients treated 
at the Medical Centre of the University Freiburg in Ger-
many between 2005 and 2017, using an electronic database 
search. Lumbar puncture (LP) had already been performed 
in all patients for clinical purposes after obtaining written 
consent. PCNSL patients were diagnosed by oncologists 
of the Department of Haematology, Oncology, and Stem-
Cell Transplantation according to the respective criteria for 
the baseline evaluation for PCNSL [9]. Except the patients 
with a sole intraocular manifestation (often classified as 
PCNSL) without any central nervous system (CNS) affec-
tion, all available PCNSL patients with recorded results of 
the respective brain biopsy and CSF analyses at the time 
of first diagnosis were enrolled. MS patients were selected 
from a cohort (comprising 103 PPMS patients and 100 
RRMS patients) from an earlier study [6] using a previously 
established in-house matching software [19] to select age- 
and sex-matched MS patients in a 2:1 (MS:PCNSL) ratio. 
A diagnosis of MS was established according to the 2010 
revised McDonald criteria [18]. The disease duration of MS 
patients was determined according to medical records as the 
time interval between clinical onset and the LP. For compar-
ing these two study groups comprising patients with neuro-
logical disorders, 78 patients with PD were included. These 
PD patients were studied in a recent project that assessed 
the prevalence of MRZR in 39 patients with schizophreni-
form syndromes and 39 patients with bipolar disorders [20]. 
Data concerning the ethnicity and immunization status of 
the study patients were unavailable. The ethics committee 
of the Medical Centre of the University Freiburg approved 
the study (EK-Fr 489/14).

Materials and methods

MRZR was analysed at the Department of Virology of the 
University of Freiburg. All routine CSF measurements were 
conducted in the CSF laboratory of the University Freiburg. 
Total immunoglobulin (Ig) concentrations in the serum and 
the CSF were determined nephelometrically (ProSpect 
System, Siemens, Germany), while measles-, rubella- and 
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varicella-(IgGspec) levels in the CSF and the serum were 
measured using an enzyme-linked immunosorbent assay 
(Serion classic ELISA, Germany). MRZR was determined 
from the three respective virus-specific AIs that were cal-
culated as follows: AI (antibody index) = QIgG[spec]/QIg
G[total], if QIgG[total] < Qlim, and AI = QIgG[spec]/Qlim, if 
QIgG[total] > Qlim [21]. For a positive AI result indicative of 
intrathecal IgG production against the respective pathogen, 
two different thresholds were applied as described in earlier 
studies: ≥ 1.5 [22] and ≥ 2.0 [23]. Most previous studies 
have varied as to how many positive AIs are required for 
a positive MRZR [6]. In this study, MRZR-2 (defined as 
at least two positive AIs) was used because of its higher 
specificity for MS [6, 11]. In cases where an AI could not 
be calculated because no antibodies could be detected in 
the CSF, the AI was considered as 1.0 (negative) [6, 15]. 
The individual age-related normal range of albumin quo-
tient (QAlb) was calculated according to Reiber’s formula: 
QAlb < (4 + age/15) × 10−3 [24].

This study focused on PCNSL; therefore, additional 
data regarding the following items were obtained from the 
patients’ medical records: (1) brain biopsy assessment that 
was routinely performed at the Department of Pathology; 
(2) CSF routine analyses (including total cell count, age-
related albumin quotient, quantitative intrathecal antibody 
synthesis, and OCB); (3) cytopathological examination of 
the CSF cells that was routinely performed at the Depart-
ment of Pathology and (4) immunophenotyping of the CSF 
cells using flow cytometric analyses routinely performed at 
the Department of Haematology, Oncology, and Stem-Cell 
Transplantation.

The specificity of MRZR was calculated as true nega-
tives/(true negatives + false positives) and the sensitivity as 
true positives/(true positives + false negatives). The positive 
predictive value (PPV) of MRZR was calculated as true pos-
itives/(true positives + false positives) and the negative pre-
dictive value (NPV) as true negatives/(true negatives + false 
negatives).

Statistical analyses

Statistical testing of the differences between the study 
groups with respect to sex, prevalence of positive MRZ-AIs, 

prevalence of positive MRZR, and prevalence of abnormal 
CSF results was performed using the Fisher’s exact test (two-
tailed). Comparisons of the metric parameters (mean MRZ-
AI and mean age) were performed using the Kruskal–Wallis 
test with Dunn’s post-test. A p value < 0.05 was considered 
statistically significant.

Results

Study population

In total, 261 patients with a documented diagnosis of 
PCNSL were retrospectively screened for the correct diagno-
sis according to the brain biopsy results and sufficient clini-
cal and CSF data as well as enough available CSF/serum 
samples for the determination of MRZR. In 193 (73.9%) of 
these patients, no CSF analysis had been performed at the 
Medical Centre of the University Freiburg; the most frequent 
reasons for this included previous CSF analysis elsewhere 
or unwillingness of the patient to undergo LP. Detailed his-
topathological, CSF, and brain MRI results were available 
for the remaining 68 patients with a documented diagnosis 
of PCNSL. In 31 of these 68 PCNSL patients, there were 
no CSF/serum samples available; therefore, those patients 
could not be included in the MRZR analyses. Finally, in 
37 well-characterized PCNSL patients, MRZR could be 
determined. Table 1 shows the key demographic features of 
the three MRZ study groups. MS patients (comprising 53 
patients with PPMS and 21 with RRMS) were younger than 
the PSCNL patients and older compared to the PD patients. 
The mean disease duration of MS patients was 5.6 years 
(range 0–39; SD 7.3). There were no significant differences 
in the sex distribution in the three groups.

Virus‑specific antibody indices

Results of the single MRZ-AIs in the three study cohorts 
are presented in Table 2. More MS patients had two or three 
positive AIs than patients of both the other study groups. 
No statistically significant differences were found in the 
mean values of any of the three AIs of the PCNSL and PD 
patients. However, compared to these two non-MS groups, 

Table 1   Demographic data of the study cohorts

PCNSL primary central nervous system lymphoma, MS multiple sclerosis, PD psychiatric disorders, LP lumbar puncture, SD standard deviation

Study group PCNSL (n = 37) MS (n = 74) PD (n = 78) Comparison statistics

Mean age in years at the time 
of LP (range; SD)

65.7 (30–80; 12.2) 56.6 (29–78; 9.1) 38.3 (18–75; 13.0) PCNSL vs. MS vs.: p < 0.01
PCNSL vs. PD vs.: p < 0.001
MS vs. PD: p < 0.001

Sex, females in % 62.2 60.8 57.7 All comparisons: n.s.
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MS patients had significantly more frequent positive AIs and 
higher mean AI values for all the three viruses.

MRZR

A positive MRZR-2 was found in few patients with PCNSL 
(8.1%) and PD (2.6%; p > 0.05) using the common AI 
threshold of ≥ 1.5. In contrast to both these study groups, 
the MS cohort showed a statistically significantly higher 
prevalence of positive MRZR-2 (58.1%; p < 0.0001 for each 
comparison with the MS group; Fig. 1). In the context of the 
present study groups, the MRZR-2 specificity for MS was 
95.7%, the PPV was 89.6% and the NPV was 78.0%.

Applying the more stringent threshold of ≥ 2.0 for posi-
tive AI gave no positive MRZR-2 in both, the PCNSL and 
PD patients; whereas the MRZR-2 sensitivity for MS was 
37.8% (p < 0.0001 for each comparison with the MS group; 
Fig. 1). Consequently, with a threshold of > 2.0 for posi-
tive AI, the specificity and PPV of MRZR-2 for MS rose to 
100%; whereas the NPV decreased to 71.4% in the present 
study cohorts.

Clinical and paraclinical baseline characteristics of 
the three MRZR-2-positive PCNSL patients are shown in 
Table 3; none of them fulfilled the revised McDonald criteria 
for MS [18]. The two MRZR-2 positive PD patients (both 
diagnosed with an endogenous schizodepressive disorder) 

have been described in detail in a recent study [20]; most 
importantly, they did not show any clinical or paraclinical 
signs of MS, and consequently did not fulfil the 2010 revised 
McDonald criteria [18].

Histopathological findings in PCNSL patients

Brain biopsy of the 68 PCNSL patients showed malignant 
B-cell non-Hodgkin lymphoma in 67 cases (98.5%) and an 
anaplastic T-cell lymphoma in one patient (1.5%). Cyto-
pathological analyses of the CSF cells were performed for 
44 PCNSL patients; lymphoma cells were detected in one 
patient (2.3%).

CSF findings in patients with PCNSL and MS

The majority of the 68 PCNSL patients (89.7%) and the 74 
MS patients (93.2%; p > 0.05) showed at least one abnor-
mal routine CSF parameter. In PCNSL patients, the most 
frequent pathological findings included a dysfunction of the 
blood–CSF barrier (elevated QAlb in 69.1%) followed by 
an elevated total CSF cell count (50.0%; mean cell count 
of pleocytosis: 11.0/µL; range 5–29/µL; standard deviation 
(SD) 6.4) which was observed less frequently in MS patients 
(insufficient data regarding QAlb; elevated cell count in 
25.0%, p < 0.01; mean cell count of pleocytosis: 14.1/µL, 

Table 2   Frequencies of positive antibody indices (AIs) for measles (M), rubella (R) and varicella zoster (Z) in the study groups

PCNSL primary central nervous system lymphoma, MS multiple sclerosis, PD psychiatric disorders, SD standard deviation, positive AI for 
M/R/Z antibody index for measles/rubella/varicella zoster ≥ 1.5, n.s. not significant
a Proportion of patients only with this exact number of positive AIs

Study group PCNSL (n = 37) MS (n = 74) PD (n = 78) Comparison statistics

No positive AI 67.6% 21.6% 89.7% Both groups vs. MS: p < 0.0001
PCNSL vs. PD: p < 0.01

One positive AIa 24.3% 20.3% 7.7% PCNSL vs. MS: n.s.
MS vs. PD: p < 0.05
PCNSL vs. PD: p < 0.05

Two positive AIsa 8.1% 32.4% 2.6% Both groups vs. MS: p < 0.005
PCNSL vs. PD: n.s.

Three positive AIsa 0% 25.7% 0% Both groups vs. MS: p < 0.0005
PCNSL vs. PD: n.s.

Positive AI for M 13.5% 59.5% 2.6% Both groups vs. MS: p < 0.0001.
PCNSL vs. PD: p < 0.05.

Positive AI for R 5.4% 51.4% 0% Both groups vs. MS: p < 0.0001.
PCNSL vs. PD: n.s.

Positive AI for Z 18.9% 50.0% 10.3% Both groups vs. MS: p < 0.005
PCNSL vs. PD: n.s.

Mean AI for M (range; SD) 1.1 (0.6–1.8; 0.3) 3.1 (0.8–15.8; 3.0) 1.0 (0.6–1.7; 0.2) Both groups vs. MS: p < 0.001
PCNSL vs. PD: n.s.

Mean AI for R (range; SD) 1.1 (0.7–2.9; 0.7) 2.6 (0.5–24.0; 3.5) 1.0 (0.4–1.4; 0.1) Both groups vs. MS: p < 0.001
PCNSL vs. PD: n.s.

Mean AI for Z (range; SD) 1.2 (0.7–1.8; 0.7) 2.6 (0.6–19.8; 3.5) 1.1 (0.5–2.9; 0.3) Both groups vs. MS: p < 0.001
PCNSL vs. PD: n.s.
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Fig. 1   Frequency of positive MRZR-2 (≥  2 positive antibody indi-
ces for measles, rubella, or varicella zoster) in patients with primary 
central nervous system lymphoma (PCNSL), multiple sclerosis (MS), 

and psychiatric disorders (PD) using two different thresholds for a 
positive antibody index (AI) result: ≥ 1.5 (left) and ≥ 2.0 (right)

Table 3   Baseline characteristics of the MRZR-2-positive PCNSL patients

Normal range of QAlb was calculated related to the patient age according to Reiber [24]
MRZR-2 ≥ 2 positive antibody indices for measles (M), rubella (R) or varicella zoster (Z), PCNSL primary central nervous system lymphoma, 
ECOG PS Eastern Cooperative Oncology Group Performance Status measuring the disease impact on daily living abilities by grading from 0 
(fully active, no restrictions) to 5 (dead), LDH lactate dehydrogenase, AIs antibody indices, Immunocompetent* no history of immunosuppres-
sion or other reasons for impaired immunocompetence prior to the first diagnose of the PCNSL, CSF cerebrospinal fluid, QAlb albumin quotient, 
IgG/A/M immunoglobulin G/A/M, OCB oligoclonal bands, MRI magnet resonance imaging

Parameter at the time of the first 
diagnosis

Patient 1 Patient 2 Patient 3

Age (in years) 79 56 74
Sex Female Female Male
ECOG PS 4 0 1
Serum LDH Normal Elevated Normal
HIV status Negative Negative Negative
Immunocompetence Immunocompetent* Immunocompetent* Immunocompetent*
AIs for MRZ M: 1.5; R: 1.0; Z: 1.6 M: 1.6; R: 1.0; Z: 1.5 M: 1.6; R: 1.0; Z: 1.7
Routine CSF parameters (normal 

range)
Cell count: 1/µL (< 5)
QAlb: 13.1 (< 9.3)
Total protein: 613 mg/L (< 450)
No quantitative IgG/A/M synthesis
OCB in CSF and serum

Cell count: 6/µL (< 5)
QAlb: 5.0 (< 7.7)
Total protein: 443 mg/L (< 450)
No quantitative IgG/A/M syn-

thesis
OCB exclusively in CSF

Cell count: 9/µL (< 5)
QAlb: 8.2 (< 8.9)
Total protein: 407 mg/L (< 450)
Isolated intrathecal IgM synthesis 

(19%)
No OCB

Immunophenotyping of CSF cells Not performed Normal Normal
Cytopathological assessment of 

CSF cells
Not performed Normal Normal

Brain MRI Multiple gadolinium enhanc-
ing lesions pontomesencephal, 
periventricular involving 
basal ganglia, internal capsule 
thalamus and corpus callosum 
bilaterally

Multicentric tumour affecting the 
splenium of the corpus callosum 
bilaterally with partial gado-
linium enhancement; multiple 
subcortical lesions with partial 
enhancement of contrast agent

Monofocal tumour in the left 
frontal lobe with gadolinium 
enhancement

Histology Diffuse large B-cell lymphoma Diffuse large B-cell lymphoma Diffuse large B-cell lymphoma
Eye involvement No Yes, on the left side No
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range 5–38/µL; SD 9.3). Within the MS cohort, RRMS 
patients had higher CSF cell counts in case of pleocytosis 
(19.6/µL) compared to PPMS patients (9.6/µL; p < 0.05). 
In PCNSL patients, intrathecal synthesis of Igs was found 
in 15.6% (IgM) (isolated IgM synthesis in 11.2%) and in 
4.4% (IgA); while a quantitative intrathecal synthesis of IgG 
was not found in any PCNSL patient. There was intrathecal 
synthesis of IgG in 49.3% (p < 0.0001), and that of IgA 
or IgM in 10.0% (p > 0.05 for both compared to PCNSL 
patients) of the MS patients. OCB, exclusively in the CSF, 
were observed in 15.6% of the PCNSL patients; identical 
OCB in the CSF and serum and an elevated CSF lactate 
level were less frequent (both 13.3%). MS patients more 
frequently exhibited OCB in the CSF (91.9%; p < 0.0001); 
data regarding CSF lactate levels were not available for all 
MS patients. Within the MS group, there were no signifi-
cant differences regarding MRZR-2 positivity, the quantita-
tive intrathecal synthesis of IgG/A/M and OCB positivity 
between RRMS and PPMS patients. Immunophenotyping 
of the CSF cells was performed in 53 PCNSL patients with 
results indicative for PCNSL (increased CD 20- and CD19-
positive B cells with monoclonal surface Igs) in 7.5%.

Discussion

To our knowledge, this is the first investigation of MRZR 
in PCNSL patients. The main findings were that PCNSL 
patients may show similar clinical features and routine CSF 
results as MS patients; however, a positive MRZR-2 with 
the AI threshold of ≥ 2.0 and a quantitative intrathecal IgG 
synthesis were only found in MS patients.

MRZR

In the present PCNSL cohort, MRZR-2 (using the standard 
AI threshold of ≥ 1.5) was found negative in the vast major-
ity of patients, similar to patients with rheumatologic disor-
ders with CNS involvement (own data under review), acute 
disseminated encephalomyelitis [15], neuromyelitis optica 
[13], paraneoplastic neurological disorders [14] and neuro-
sarcoidosis [15], corresponding to a specificity of > 90% in 
the context of these important differential diagnoses of MS. 
This is in line with a recent MRZR review that reported an 
overall MRZR-2 specificity of 97% for MS in a meta-anal-
ysis that did not include data of PCNSL patients [11]. By 
using the more stringent AI threshold of ≥ 2.0 the MRZR-2 
specificity and PPV for MS could be further increased to 
even 100% (with a reduced sensitivity of almost 40%) in the 
present study. Consequently, MRZR-2 does not appear to 
be a general marker of chronic autoimmune inflammatory 
CNS processes as was once suggested more than 20 years 
ago [25].

The reasons for the MRZR-2 positivity in the three 
PCNSL patients in the current study remain unclear. Each 
of the three MRZR-2 positive PCNSL patients had one 
AI = 1.0, indicating that the other two slightly increased 
AIs were not false-positive results owing to general pro-
tein alterations. It is conceivable that the PCNSL might 
have induced the IgG production against the MRZ viruses 
because PCNSL patients are known to occasionally exhibit 
intrathecal synthesis of IgM [26] or oligoclonal IgG [4], 
even in the absence of detectable leptomeningeal dissemina-
tion. The distinct brain biopsy result, the absence of a history 
of symptoms suggestive of MS relapses, and the unfulfilled 
McDonald criteria [18] in all the MRZR-2-positive PCNSL 
patients are arguments against the simultaneous presence 
of MS. As expected, the prevalence of positive MRZR-2 
in PD patients was very low. Similar to the MRZR-2 posi-
tive PCNSL patients, the two MRZR-2 positive PD patients 
showed only slight elevations in the AIs (≤ 1.9), potentially 
owing to an unspecific phenomenon, considering that these 
two patients did not exhibit any clinical or paraclinical signs 
of MS or any other inflammatory neurological disorder. A 
similar MRZR-2 positivity (with the standard AI threshold 
of ≥ 1.5), as exhibited by the present MS group, has also 
been reported in several previous studies [10, 22, 27, 28], 
and in the recent comprehensive MRZR review [11]. It has 
to be mentioned, that the mean disease duration and age 
of MS patients were unusual high for the first diagnosis of 
RRMS. This was most probably due to the matching with 
PCNSL patients leading to a PPMS-dominated MS cohort 
with older patients in a more advanced state of their indi-
vidual disease course.

Further diagnostic findings in PCNSL patients

The routine CSF results of the PCNSL cohort (dysfunc-
tion of the blood–CSF barrier in 69%, elevated cell count 
in 50%, and OCB in 29%) matched those described for 
PCNSL patients in a previous study (elevated total protein 
in 70–90%, increased total cell count in about 50%, and OCB 
in 30%) [4], confirming these alterations as the distinctive 
routine CSF pattern of PCNSL patients. Among the CSF Ig 
parameters, an isolated intrathecal IgM synthesis was the 
most frequent finding in the present PCNSL cohort; a find-
ing which has been previously reported [29]. The complete 
absence of a quantitative intrathecal synthesis of IgG in our 
PCNSL patients is supported by the findings of an earlier 
study [26]. In contrast, the quantitative intrathecal synthesis 
of IgG (observed in around 50% of the patients in the present 
MS cohort and as reported by Reiber et al. [22]) is the most 
frequent type of a quantitative intrathecal Ig synthesis in 
MS patients, indicating its good discriminative potential for 
distinguishing between MS and PCNSL. The combination of 
no quantitative IgG synthesis, but positive OCB in the CSF 
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(found in around 50% of the MS patients studied previously 
by our research group [6]) has a much lower discriminative 
value because this combination was also found in 30% of the 
patients in the present PCNSL cohort. Further, a slight-to-
moderate dysfunction of the blood–CSF barrier was found in 
20% of MS patients, indicating a relatively weak discrimina-
tive potential of this most frequent abnormal CSF parameter 
in PCNSL patients [30]. In line with the study by Korfel el 
al. [8], immunophenotyping and cytopathological analyses 
did not detect features indicative of lymphoma in the vast 
majority of the present PCNSL patients, and thus did not 
contribute substantially to the differential diagnosis. Future 
biomarkers for detecting PCNSL prior to brain biopsy might 
be the microRNAs miR-21, miR-19, and miR-92a in the CSF 
because they were found to have a combined sensitivity and 
specificity of > 95% each, in the context of the respective 
study that included 17 MS patients as inflammatory con-
trols [31]. In summary, the present CSF data suggest that of 
all the available established CSF parameters, only a posi-
tive MRZR-2 (with AI threshold ≥ 2.0) and a quantitative 
intrathecal synthesis of IgG seem indicators of MS in the 
context of PCNSL as differential diagnosis; although a quan-
titative intrathecal synthesis of IgG is not specific for MS, as 
it is the case with MRZR.

Regarding brain biopsy, the undisputed diagnostic gold 
standard, one should consider that there are reports of 
PCNSL patients with a misleading first biopsy result show-
ing either only inflammatory demyelination indistinguish-
able from MS lesions [32, 33] or normal brain tissue after 
steroid treatment [34]. This did not happen in the present 
PCNSL cohort; however, it is a very relevant diagnostic 
problem that highlights the importance of establishing and 
using additional diagnostic markers for identifying patients 
who require a second brain biopsy in case of persistent diag-
nostic uncertainty following the first biopsy.

Limitations

The most important limitations of the present study include 
the monocentric, retrospective design and the limited num-
ber of patients with PCNSL. Nevertheless, to our knowl-
edge, this is the first investigation of MRZR in this diagnosis 
group, the mean age of which, matches that of a larger Brit-
ish PCNSL cohort indicating that the present PCNSL group 
was a representative sample [35]. Despite the matching of 
the MS and the PCNSL groups, there were significant age 
differences between all three study groups that should be 
considered because patient age may have an effect on the 
prevalence of positive MRZR outcomes, as illustrated by the 
lower numbers in paediatric MS patients compared to those 
in the adult patients [36]. Further study limitations include 
the lack of data concerning ethnicity and vaccination status. 

This is important as local infection rates and vaccination 
status with respect to the three MRZ viruses may have influ-
enced the MRZR results, as has been exemplarily shown for 
the rubella virus in Cuba [37]. Therefore, future validation 
attempts of the present MRZR results should conduct pro-
spective trials on larger, multiethnic PCNSL cohorts with 
known vaccination status.

Conclusions

PCNSL may initially be difficult to distinguish from MS 
owing to their clinical and radiological similarities [32]. 
However, apart from the comparably invasive brain biopsy, 
the only quite MS-specific diagnostic marker that reliable 
indicates MS rather than PCNSL in the present study cohorts 
was a positive MRZR-2 with an AI threshold of ≥ 2.0. 
Thereby, the present study further strengthens the signifi-
cance of CSF analyses as a valuable tool for ensuring prompt 
detection as well as differential diagnosis of MS [38].
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