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Abstract

Primary central nervous system lymphoma (PCNSL) is special extranodal malignant non-Hodgkin lymphomas. This study
analyzed clinical features and prognostic factors of PCNSL and evaluated the difference of interleukin (IL) concentrations
in cerebrospinal fluid (CSF) between PCNSL and systemic non-Hodgkin lymphoma (sNHL). Patients consecutive newly
diagnosed with PCNSL were recruited, the demographic and clinicopathological data were retrospectively analyzed, and
the potential prognostic factors for overall survival (OS) were identified with survival analysis. 27 patients with PCNSL and
21 patients with sNHL collected CSF IL-5, IL-6, and IL-10 concentrations at diagnosis. The difference in interleukin (IL)
concentrations in two diseases was analyzed to evaluate the value of IL concentrations. A total of 64 patients with PCNSL
were enrolled, the median age was 54.50 years (range 16-85 years); male: female ratio was 1.91. Headache was the most
common complaint symptom involved in 42.19% (27/64) of patients. Diffuse large B-cell lymphoma (DLBCL) accounted
for 89.06% (57/64) of patients; other uncommon types accounted for 3.13% (2/64). In prognostic analysis, multiple lesions
and Ki67 >75% expression exhibited a worse prognosis(P=0.041), and patients with autologous hematopoietic stem cell
transplantation (auto-HSCT) treatment presented superior OS (P <0.05). In multivariate analysis, BCL2 expression was
revealed as an unfavorable prognostic marker, and auto-HSCT was revealed as a favorable prognostic marker. CSF IL-10
concentration in patients with PCNSL was significantly higher than SNHL (P =0.000) and excluded other histopathology
of NHL; IL-10 value was still significantly different between DLBCL of PCNSL and sDLBCL (P =0.003). In ROC curve
analysis, the cutoff value of IL-10 was 0.43 pg/mL for the diagnosis value of PCNSL, sensitivity was 96.3%, specificity was
66.67%, and AUC was 0.84 (0.71-0.96). Although IL-6 concentration did not differ in the two groups, IL-10/IL-6 ratio was
meaningful, with a cutoff value of 0.21, sensitivity of 81.48%, specificity of 80.95%, and AUC of 0.83 (0.71-0.95). This
study highlights the characteristics of patients with PCNSL, potential prognostic makers also have been explained. CSF
interleukin (IL) concentrations revealed IL-10 levels, and IL-10/IL-6 ratio may represent a useful biomarker in the differen-
tial diagnosis of PCNSL and sNHL.
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Novelty statements

This work further investigates unique clinical features and
prognostic factors of primary central nervous system lymphoma
(PCNSL) and explains applications of cerebrospinal fluid (CSF)

Introduction

Primary central nervous system lymphoma (PCNSL) is spe-

interleukin (IL) concentrations in patients with PCNSL.

The study finds BCL2 expression is an unfavorable prognostic
marker and autologous hematopoietic stem cell transplantation
is the most effective method to prolong overall survival (OS) of
PCNSL, IL-10 levels and IL-10/IL-6 ratio in CSF are useful
biomarkers for distinguishing PCNSL from sNHL.

Those results will help us understand PCNSL more clearly

and provide theoretical basis for non-invasive diagnosis and
differential diagnosis of PCNSL.

Extended author information available on the last page of the article

cial extranodal malignant non-Hodgkin lymphomas; more
than 90% of the subtype is diffuse large B-cell lymphoma
(DLBCL) [1]; other types reported include Burkitt lym-
phoma, low-grade lymphoma, T-cell lymphoma (peripheral
T-cell lymphoma and anaplastic large T-cell lymphoma), and
NK/T cell lymphoma [2].

Epidemiological studies revealed that PCNSL accounted
for 4%—6% of extranodal lymphomas, 1% of lymphomas,
and approximately 4% of central nervous system tumors
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(CNST) [3]. Research from Sweden and Australia showed
the overall incidence of PCNSL was 0.26-0.43/10000
and increased at a rate of 4%-6.8% per year over the past
10 years [4, 5].

The definitive diagnosis of PCNSL depends on histo-
pathology; the common tissue sample acquisitions are the
stereotaxic biopsy, and surgical incisional biopsy, aggres-
sive surgical resection has been discouraged [6]. In addi-
tion, magnetic resonance imaging (MRI) provides better
visualization of soft tissue to identify lesions and is consid-
ered to be more helpful than computed tomography (CT)
scan and FDG-positron emission tomography-computed
tomography(PET/CT) scan [7]. In recent years, “liquid
biopsy” gets researcher’s attention, cell-free DNA frag-
ments (cfDNA) in blood or cerebrospinal fluid (CSF) pro-
vide exclusively of tumoral origin and could yield useful
results, but the cfDNA concentrations are varied in differ-
ent lymphoma subtypes, so it is difficult to obtain accordent
result [8, 9]. Other CSF examinations may help to estab-
lish the diagnosis; the routine tests include protein levels,
cytology, and flow cytometry, but with low sensitivities of
13.3-23.3% [10]. Other new biomarkers include interleukin
(IL) concentrations, CXCL13, MYDS88, and IgH gene rear-
rangement, the approaches provide higher sensitivities of
over 50%, and the microRNAs even provide a diagnostic
accuracy of over 90% [11].

Most pathological types of PCNSL are highly
aggressive; due to the obstruction of the blood—brain
barrier (BBB), many chemotherapy regimens have a
poor effect on PCNSL [2]. Therefore, the clinical out-
come of PCNSL patients is less than expected, and the
5-year overall survival (OS) rate is just about 30% [1,
2]. Against this background, we designed a retrospec-
tive analysis of the clinical and pathological features
of patients with PCNSL in our center. The aim is to
gain further understanding of PCNSL and potential
prognostic factors. In addition, CSF interleukin (IL)
concentrations were evaluated in available patients to
distinguish PCNSL from systemic non-Hodgkin lym-
phoma (sNHL).

Methods
Patient screening

Patients with the initial diagnosis of PCNSL based on
histopathological evidence from January 2012 to March
2022 in First Affiliated Hospital of Chongqing Medi-
cal University were enrolled. A systematic CT scan
or PET/CT scan is used to exclude systemic lympho-
mas. Patients with evidence of relapsed lymphomas
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or secondary central nervous system lymphomas were
excluded in this study.

In CSF examination, Patients with PCNSL and sys-
tematic non-Hodgkin lymphoma (sNHL) whose CSF
data were available would be enrolled. The patients
should be initial diagnosis and without any immuno-
suppressive therapy, no previous disease with immune
system abnormalities. SNHL was confirmed by patho-
logical evidence and whole-body PET/CT scan. The
patients received bone marrow aspirate and flow cytom-
etry to exclude lymphoma cells infiltrating the bone
marrow. The data of IL levels in CSF were available
before treatment. Informed consents were obtained from
all patients, and the study protocol was approved by the
Human ethics committee of the Affiliated Hospital of
Chongqing Medical University.

Clinical data

The clinical data of PCNSL patients were collected,
including gender, age, chief complaint symptoms, HIV
infection status, LDH value, biopsy approach, and treat-
ments. The lesions’ features were evaluated by MRI scan;
CSF examination included protein level, glucose level,
nucleated cells, and flow cytometry. IL. concentrations in
CSF included IL-5, IL-6, IL-8, and IL-10 proteins; the
protein level was measured by multiple microsphere flow
immunofluorescence techniques; the detection kit was pro-
vided by LTD Qingdao Raisecare Biological Technology
Co., Ltd.

Histopathology

The specimens were preserved and paraffin-embedded;
the sliced tissues were observed after hematoxylin—eosin
staining (HE) staining. Protein expression was assessed
by immunohistochemistry (IHC): Ki67, TP53, BCL-2,
BCL-6, MYC, CD10, and MUM-1, and the expression of
more than 30% of lymphoma cells was applied for posi-
tive [12]; TP53 protein expression more than10% was
considered positive [13]. According to the Hans algo-
rithm, PCNSL was further divided into germinal center
B cell (GCB) and non-germinal center B-cell (non-GCB)
[3]. The results were re-read by two pathologists to con-
firm the diagnosis.

Treatments and prognosis

The treatment approaches and prognosis of patients with
PCNSL were collected. The choice of treatment approaches
was decided by the clinician according to the patient’s condi-
tion and objective. The study endpoint was the time of the
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last follow-up or patient’s death, and overall survival (OS)
was defined as the time from the patient's diagnosis to the
study endpoint.

Statistical analysis

The univariate analysis used Kaplan—Meier’s test; all
variables with P values less than 0.20 in univariate
analysis were involved in the Cox proportional hazards
model. The Mann—Whitney U test was used to compare
the IL concentrations in patients, the receiver operating
characteristic (ROC) curve analysis to investigate the
optimal values of IL in PCNSL and sNHL, and the area
under the ROC curve(AUC) > 0.80, the cutoff value was
defined as meaningful for diagnosis. In all analyses,
P <0.05 indicated statistical significance. All graphics
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Fig.1 Age and gender distribution of the 64 patients with the pri-
mary central nervous system lymphomas at diagnosis

and statistical methods were conducted with the soft-
ware packages SPSS (version 26.0; IBM Corporation,
Armonk, NY, USA) and GraphPad Prism (Datamatics
8.0, San Diego, California, USA).

Results
Patient cohort: clinical features

64 patients with PCNSL were diagnosed in our depart-
ment, and the HIV infection status of patients was
negative. In 64 patients, 65.63% (42/64) were male,
the male: female ratio was 1.91, and the median age
was 54.50 years (range 16-85) (Fig. 1). The complaint
symptoms involved various neurological symptoms,
headache presented in 42.19% (27/64) patients, diz-
ziness in 26.56% (17/64), numbness and weakness in
20.31% (13/64), nausea and vomiting in 7.81% (5/64),
vision loss in 6.25% (4/64), slurred speech in 3.13%
(2/64), and apathism, unsteady, hemiplegia, facial
paralysis, which were relatively rare, just presented
in 1.57% (1/64). 79.69% (51/64) of patients had only
one symptom, 14.06% (9/64) had two symptoms, and
6.25% (4/64) had three and more symptoms. The speci-
mens were obtained by stereotactic biopsy, incisional
biopsy, and surgical resection. The median LDH of
all patients was 236U/L (range 96—723U/L) (Table 1).

Table 1 Basic features, presentations, and lesion features of the 64 patients with primary central nervous system lymphomas at diagnosis

Parameters N=064 (% or range) Symptoms N=64 (%) Lesion features N=64 (%)
Median age (years) 54.50 (16-85) Headache 27 (42.19%) Locations
>60 28 (43.75%) Dizziness 17 (26.56%) Parietal lobe 21 (32.81%)
<60 36 (56.25%) Numbness 13 (20.31%) Frontal lobe 19 (29.69%)
Gender Vision loss 4 (6.25%) Basal ganglia 15 (23.44%)
Male 42 (65.63%) Nausea and vomiting 5(7.81%) Temporal lobe 9 (14.06%)
Female 22 (34.37%) Slurred speech 2 (3.13%) Occipital lobe 8 (12.50%)
Median LDH (U/L) 236 (96-723) Unresponsive 1(1.56%) Intraocular 4 (6.25%)
Median ECOG 1(1-3) Unsteady 1(1.56%) Cerebellum 3 (4.69%)
Biopsy type Hemiplegia 1 (1.56%) Saddle area 2 (3.13%)
Incisional biopsy 9 (14.06%) Facial paralysis 1 (1.56%) Thalamus 2 (3.13%)
Stereotactic biopsy 5(7.81%) Number of symptoms Ventricular region 1 (1.56%)
Surgical resection 50 (78.13%) One symptom 51 (79.69%) Lesion features
Median OS (months) 12 (1-86) Two symptoms 9 (14.06%) Edema 35 (54.67%)
> three symptoms 4 (6.25%) Multiple lesions 21 (32.81%)
Median lesion size (cm) 3.3%3.9
(1.6x2.1-
8.0x5.0)

*0S overall survival
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Auxiliary examinations (MRI, pathology, and CSF)

MRI

The features of lesions in patients with PCNSL were
assessed by brain image examination, brain MRI would
be conducted as patient was suspected with abnormality
in the brain. The MRI image revealed 32.81% (21/64) of
patients with lesions in the parietal lobe, 29.69% (19/64)
of patients in the frontal lobe, 23.44% (15/64) of patients
in the basal lobe, 14.06% (9/64) of patients in the tempo-
ral lobe, 12.50% (8/64) of patients in the occipital lobe,
6.25% (4/64) of patients in the retrobulbar and involving
the optic nerve, 4.69% (3/64) of patients in the cerebellum,
3.13% (2/64) of patients in the sellar region, 3.13% (2/64)
of patients in the thalamus, and 1.56% (1/64) of patients in
the precentral gyrus. Solitary lesions presented in 67.19%
(43/64) of patients and multiple lesions were presented in
32.81% (21/64) patients. The median size of lesions was
3.25%3.09 cm (range 1.60x2.10-8 X5 cm). The edema
was observed around the lesions in 35 (54.67%) patients
(Table 1).

Pathology

89.06% (57/64) of patients with PCNSL were diffuse large
B-cell lymphoma (DLBCL), the subtype of non-GCB
accounted for 64.91% (37/57), and GCB accounted for
35.09% (20/57). Other uncommon types include B lympho-
blastic lymphoma and NK/T-cell lymphoma accounted
for 3.13% (2/64); follicular lymphoma, anaplastic large
cell lymphoma, and mantle cell lymphoma accounted for
1.56% (1/64). Immunohistochemistry presented TP53 pro-
tein expression was positive in 56.25% (36/64) of patients,
MYC expression was positive in 35.93% (23/64) of patients,
and BCL-2 and BCL-6 proteins were positive in 51.56%
(33/64) and 45.31%(29/64) of patients respectively. CD10

expression was positive only in 23.44% (15/64) of patients.
The median Ki67 expression was 70% (Table 2).

CSF

The CSF examination was available in 27 patients with
PCNSL and 21 patients with sNHL. IL levels of IL-5, IL-6,
IL-8, and IL-10 in CSF were detected. In patients with
PCNSL, the median value of CSF protein was 0.50 g/L
(range 0.17-4.70), the median value of nucleated cells was
4.00 x 10°/L (range 0.30% 10°-5.00x 10%), and the median
value of glucose was 3.60 mmol/L (range 2.80-4.70).
According to flow cytometry of CSF, abnormal monoclonal
lymphoma cells were detected in 11.11% (3/27) patients. The
median value of IL-5 concentration was 2.00 pg/mL (range
0.20-9.38), IL-6 was 4.20 pg/mL (range 0.96-198.14), and
IL-10 was 3.80 pg/mL (range 0.19—339.98). The value of
IL-8 was relatively high, and the median value was 198 pg/
mL (range 70.79-482.00) (Table 2).

Treatments

The treatments for patients with PCNSL included chemo-
therapy (CT), radiotherapy (RT), autologous hematopoi-
etic stem cell transplantation (auto-HSCT), and intraocular
injection. 35.94% (23/64) patients received chemotherapy,
18.75% (12/64) received supportive treatment, 14.06%
(9/64) patients received CT combined with whole brain RT,
12.50% (8/64) received auto-HSCT, 9.38% (6/64) received
BTK inhibitors (BTKi) chemotherapy, 7.81% (5/64)
received whole brain RT, and 1.56% (1/64) received an
intraocular injection of MTX (Table 2). After the treatment,
32.81% (21/64) patients achieved complete remission (CR),
35.94% (23/64) patients achieved partial remission (PR), and
the overall effective rate (OR) was 68.75%. 3.13% (2/64)
patients were in stable disease (SD), and 28.13% (18/64)
patients had disease progress (PD).

Table 2 Pathological features, CSF features, and treatments of the patients with primary central nervous system lymphomas at diagnosis

Pathological features N=64 (%) CSF features Median (range or %) Treatments N=64 (%)
Diffuse large B-cell lymphoma 57 (89.06%) Protein (g/L) 0.50 (0.17-4.70) Auto-HSCT 8 (12.50%)
GCB subtype 20 (35.09%) Nucleated cells (10%L)  4.00 (0.03-5.00) Radiotherapy 5(7.81%)
Non-GCB subtype 37 (64.91%) Glucose (mmol/L) 3.60 (2.80-4.70) Chemotherapy with 9 (14.06%)
radiotherapy
B-lymphoblastic lymphoma 2 (3.13%) IL-5 (pg/mL) 2.00 (0.20-9.38) Chemotherapy 23 (35.94%)
Follicular lymphoma 1 (1.56%) IL-6 (pg/mL) 4.20 (0.96-198.14) BTKi 6 (9.38%)
Mantle cell lymphoma 1(1.56%) IL-10 (pg/mL) 3.80 (0.19-339.98) Intraocular injection 1(1.56%)
NK/T cell lymphoma 2 (3.13%) IL-8 (pg/mL) 198 (70.79-482.00) Supportive 12 (18.75%)
Anaplastic large cell lymphoma 1 (1.56%) Flow immunophenotyp- 3 (11.11%)

ing positive

“CSF cerebrospinal fluid, GCB germinal center B cell, /L interleukin, Auto-HSCT autologous hematopoietic stem cell transplantation

@ Springer



Annals of Hematology (2023) 102:2153-2163

2157

Table 3 Univariate and

-7 . Parameter No. (%) P value (uni- P value (cox Relative risk (95% CI)
multivariate analyses Qf risk variate analysis) regression)
factors for overall survival

Gender Male 42 (65.63%) 0.926
Female 22 (34.37%)

Age (years) >60 28 (43.75%)  0.104 0.622 0.820 (0.373-1.804)
<60 36 (56.25%)

Lesion size >5cm 12 (21.88%)  0.500
<5cm 52 (81.25%)

ECOG Score >3 8 (12.50%) 0.497
<3 56 (87.50%)

LDH >215U/L 39 (60.94%)  0.126 0.582 1.280 (0.532-3.082)
<215 U/L 25 (39.06%)

Lesion Multiple 25 (39.06%)  0.000 0.575 1.229 (0.597-2.531)
Single 39 (60.94%)

Pathology GCB 20 (31.25%)  0.123 0.173 0.681 (0.392-1.183)
Non-GCB 36 (56.25%)
Other types 8 (12.50%)

Bcl-2 Positive 33 (51.56%) 0.173 0.029 0.463 (0.232-0.924)
Negative 31 (48.44%)

BCI-6 Positive 29 (45.31%) 0317
Negative 35 (54.69%)

MYC Positive 23 (35.94%) 0.834
Negative 41 (64.06%)

TP53 Positive 36 (56.25%)  0.408
Negative 28 (43.75%)

Ki67 >75% 41 (64.06%)  0.041 0.069 2.094 (0.943-4.650)
<75% 23 (35.94%)

Treatment Auto-HSCT 8 (12.50%) 0.042
RT 5(7.81%) 0.000 0.078 7.601 (0.798-72.365)
CT 23 (35.94%) 0.817 0.036 9.138 (1.152-72.466)
RT+CT 9 (14.06%) 0.085 6.688 (0.769-58.150)
BTKi 6 (9.38%) 0.303 0.158 6.262 (0.490-79.967)
Supportive 12 (18.75%) 0.001 50.089 (5.500-456.166)

IL-5 in CSF >3.1 pg/mL 11 (40.74%)  0.785
<3.1 pg/mL 16 (59.26%)

IL-6 in CSF >5.4 pg/mL 9 (33.33%) 0.700
<5.4 pg/mL 18 (66.67%)

IL-10in CSF >129 pg/mL 22 (81.48%) 0.709
<129 pg/mL  5(18.52%)

CSF cells >5x10%L 15 (55.56%)  0.408
<5%x10°L 12 (44.45%)

“CSF cerebrospinal fluid, GCB germinal center B cell, /L interleukin, Auto-HSCT autologous hematopoi-
etic stem cell transplantation, RT radiotherapy, CT chemotherapy

Prognostic factors

This study analyzed the prognostic factors of patients with
PCNSL. The median follow-up time of all patients was
12 months (range1-84) and 35.94% (23/64) of patients alive
until the final follow-up time; the median survival time was
24 months. 41 patients died during the follow-up time; the

median survival time was 8 months. A total of 16 clinical
factors were analyzed to clarify the prognosis. The OS of
patients was not influenced by age, gender, the value of
LDH, size of lesions, or CSF tests (P> 0.050) (Table 3).
However, patients with multiple lesions were an adverse fac-
tor of OS (P=0.000). The BCL2, BCL6, TP53, and MYC
expression did not affect the OS of patients (P >0.05), but
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«Fig. 2 A Kaplan—Meier analysis of potential prognostic factors. Over-
all survival (OS) in patients with age >60 years and age <60 years
(a), LDH level>215 U/L and LDH level <215 U/L (b), multifocal
lesions and unifocal lesions (c), OS in patients with different patho-
logical subtypes (d), BCL-2 expression positive and negative (e),
Ki 67 expression>75% and<75% (f). B Kaplan—-Meier analysis of
treatments. OS in PCNSL patients treated with auto-HSCT, chemo-
therapy, radiotherapy(RT), chemotherapy combined with RT, and
supportive treatment (a), active treatment and supportive treatment
(b), OS in PCNSL patients treated with chemotherapy, RT, chemo-
therapy combined with RT (c), BTKi chemotherapy and auto-HSCT
(d), BTKi, auto-HSCT, and chemotherapy (e), BTKi and chemother-

apy (f)

the expression of Ki67 >75% exhibited a worse prognosis
(P=0.041) (Fig. 2A). In terms of treatments, one patient
with intraocular injection was excluded and 63 patients
participated in the statistical analysis, the analysis result
displayed different treatments were significant predictors of
patients (P=0.000), and Auto-HSCT could better improve
the OS of patients in comparison with other treatments
(P <0.050). Chemotherapy, radiotherapy, the combination
of radiotherapy, and BTKi chemotherapy were associated
with favorable OS when compared with supportive treat-
ment (P=0.000), but the OS was not different among them
(P>0.050) (Fig. 2B). Multivariate analysis showed auto-
HSCT displayed significantly more superior OS than chemo-
therapy (P=0.036), but there was no significant difference
with radiotherapy, combined therapy, and BTKi chemo-
therapy. Although BCL2 expression did not affect OS in
univariate analysis, it adversely affected OS in multivariate
analysis (P=0.029) (Fig. 3).

Difference in IL levels

DLBCL was 66.67% (14/21) in patients with sNHL, which
was the major histology, and there was no difference in
baseline data of patients with PCNSL and sNHL (Table 4).
The median of IL-5 concentration in SNHL was 2.11 pg/
mL (range 1.14-5.12), IL-6 concentration was 3.88 pg/mL
(range 2.58-16.72), and IL-8 concentration was 315 pg/
mL (range 145.20-515). According to the comparison, the
IL-5, IL-6, and IL-8 concentrations were no significant dif-
ference between the two subtypes of lymphomas (P > 0.05).
However, the median of IL-10 concentration in sSNHL was
0.37 pg/mL (range 0.27-0.74), and that in PCNSL was
3.80 pg/mL (range 0.90-10.31), the difference was signifi-
cant (P =0.000), and IL-10 value was significantly higher in
PCNSL (Fig. 4A). Excluding other histopathologies of NHL,
there was still a significant difference in IL-10 value between
DLBCL of PCNSL and sDLBCL (P =0.003) (Fig. 4B).
Referring to previous studies of PCNSL, ROC curve
analysis was performed in the IL-10, IL-6, and IL-10/IL-6
level of PCNSL and sNHL. The results showed the cutoff
value of IL-10 concentration was 0.43 pg/mL, sensitivity

was 96.3%, specificity was 66.67%, and AUC was 0.84
(0.71-0.96); cutoff value of IL-10/IL-6 ratio was 0.21, sen-
sitivity was 81.48%, specificity was 80.95%, and AUC was
0.83 (0.71-0.95); and cutoff value of IL-6 was 3.71 pg/m,
sensitivity was 66.67%, specificity was 47.62%, and AUC
was 0.51 (0.33-0.68) (Fig. 5).

Discussion

In this study, the clinical features of 64 PCNSL patients were
analyzed. The gender, age, and clinical manifestations were
similar to previous studies [14—16]. The high incidence age
stage was 60—69 years as reported previously, but the median
age in this study was younger, maybe PCNSL tends to develop
in younger patients in recent years. The lesions of PCNSL
in MRI generally were different from systemic lymphoma or
metastases tumors which often with mild edema around the
lesions [17]; in this study, 54.67% of patients showed edema
around the mass in MRI, which was consistent with previous
reports. In addition, although the pathological types of patients
were mainly non-GCB (64.91%), the proportion was lower
than that in previous studies, and BCL6 protein expression was
lower, while the CD10 expression was higher [14, 18], and in
addition, the immunohistochemistry showed the lymphomas in
this study were more prone to expressed TP53 protein.

The prognostic factors of PCNSL are controversial, and the
conclusions of previous research are not completely consist-
ent. A study showed the factors of age > 60 years, high IELSG
score, and overexpression of MYC were associated with worse
prognosis [19]. Sopittapan et al. also found age > 60 years was
a significant poor prognostic factor [18]. Two other studies
have shown cell origin of DLBCL, and lesion characteristics
affect the prognosis of patients [20]. TP53 is an indicator of
poor prognosis in many tumors, it was also a poor prognosis
factor in PCNSL [21], and BCL2 expression may be a poor
prognostic factor [22]. Studies have shown patients with the
expression of immune checkpoint inhibitors such as PD-1 and
PD-L1 exhibited worse OS [23]. In recent years, the analy-
sis of prognosis has gradually extended to molecular biol-
ogy, whole-exome sequencing (WES) showed MYDS88 and
CD79B mutations could be detected in more than 60% of
patients [24], and ETV6, BTG1, TBL1XR1 mutations could
be detected in about 30% of patients, but the prognostic sig-
nificance of these mutated genes is unclear [25, 26]. In this
study, the analysis of prognostic factors refers to The Interna-
tional Extranodal Lymphoma Study Group (IELSG) mode,
and factors such as cerebrospinal fluid cytokines were also
included. The multiple lesions and expression of Ki67 >75%
were poor prognosis factors associated with worse OS. Mul-
tivariate analysis revealed overexpression of BCL2 protein
was an adverse factor, and the choice of treatment was also a
factor affecting OS.
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Fig.3 Cox regression analysis of prognostic factors. Factors include multifocal lesions and unifocal lesions (a), Ki67 expression>75%
and <75% (b), different treatment methods (c¢), and BCL-2 expression positive and negative (d)

Analysis of treatments and consolidation of auto-HSCT
(with Thiotepa regimen) could prolong OS as a favorable
prognostic factor and was the most effective treatment in
this study. Several recent studies have also shown that HDC-
ASCT consolidation therapy after high-dose MTX chemo-
therapy has ORR (>90%) and prolonged PFS (> 74 m), and
Thiotepa-based conditioning regimens are better than BCNU
and BEAM commonly used lymphoma transplantation pro-
grams [27-29]. In a 7-year randomized trial study, high-dose
MTX regimen chemotherapy was followed by auto-HSCT
with a 7-year OS of 70%, WBRT although the therapeutic
effect is similar to auto-ASCT, the symptoms of neurological

Table 4 Comparison of baseline data between PCNSL and sNHL
patients

Parameter PCNSL (n=27) sNHL (n=21) P

Age (years) 53 46 0.231
Gender (male/female) 1.45 2.5 0.387
DLBCL (%) 88.89% 66.67% 0.063
TP53-positive rate 77.78% 71.43% 0.618
Median ECOG score 1 1 0.431

“PCNSL primary central nervous system lymphoma, sNHL systemic
non-Hodgkin lymphoma, DLBCL diffuse large B-cell lymphoma

@ Springer

damage were more obvious [30]. Although lymphoma tis-
sue is sensitive to radiotherapy, some studies have shown
chemotherapy combined with whole brain radiotherapy
can better improve the prognosis [18], but a large phase III
study randomized patients showed that MTX based with a
complete response and then randomized to 45 Gy WBRT
can improve the PFS, but no benefit to OS [31]. Although
the combination of chemotherapy and low-dose whole-brain
radiotherapy is one of the treatment options with less neu-
rotoxicity, many chemotherapeutic regimens and targeted
drugs with good effects have gradually replaced the status
of radiotherapy. BTK inhibitors act on the BCR pathway, as
a well-targeted drug that can pass through the BBB, BTK
inhibitors were the most potential target for PCNSL, and
ibrutinib demonstrated an ORR rate of 52% as of single
therapy and could reach 80% with MTX [32]. Many clinical
studies for the application of the new generation of BTKi
in PCNSL were underdeveloped. However, in this study,
the patients with BTKi chemotherapy showed no obvious
advantage to prolonging OS than CT and RT, which may be
related to the small cases in this study.

In addition, this study analyzed cytokines in CSF, but the
abnormally increased cytokines had no significant effect on
the prognosis of patients with PCNSL. However, the CSF
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Fig.4 A The comparison of the median value of cerebrospinal fluid
interleukin (IL) concentrations in patients with primary central
nervous system lymphomas (PCNSL) and patients with systemic
non-Hodgkin lymphoma (sNHL). B The comparison of the median
value of IL concentrations in patients with DLBCL of PCNSL and
sDLBCL

IL-10 concentration in PCNSL was significantly higher than
in SNHL. The ROC curve analysis displayed a cutoff value
of 0.43 pg/mL, and the AUC revealed it was meaningful
for diagnosis. IL-10 was strong immunosuppressive and
anti-inflammatory cytokines in PCNSL and plays an impor-
tant role in the progression of lymphoma [33]. A recent

prospective study enrolled 118 cases of PCNSL,; the results
also showed IL-10 in CSF was higher in PCNSL than in
other types of lymphoma, setting a cut-off level of 2.0 pg/mL
[34]. Similar data were reported by Sasagawa et al., IL-10 in
CSF with a cut-off of 3 pg/mL, providing a sensitivity and
specificity of 94.7% and 100%, respectively [35]. Two other
studies showed that CSF concentrations of IL-10 are signifi-
cantly increased in PCNSL and can predict the recurrence
of PCNS 67 days earlier than MRI [36-38]. Some studies
also showed that IL-10 combined with the IL-10/IL-6 ratio
can better determine the diagnosis of PCNSL [39]. Previ-
ous studies have reported a cutoff value of IL-10/IL-6 ratio
of 0.94 in PCNSL, and AUC is 0.92; it was also meaning-
ful to distinguish PCNSL from other lymphomas [34]. In
this study, the cutoff value of the IL-10/IL-6 ratio was 0.21,
the AUC suggesting this index has a diagnostic value for
PCNSL. Other studies have shown that the concentration of
IL-6 is significantly higher in central inflammatory changes
for PCNSL; IL-6 may also be an effective cerebrospinal fluid
marker [40]. However, the IL-6 level in this study indicated
little significance for differential diagnosis of PCNSL. Other
biological markers in CSF of PCNSL including MYDSS,
CXCL13, microRNAs, and free light chains have also been
studied as predictive biomarkers [34, 41-43]. The limitation
of this study is the limited number of cases in PCNSL and
sNHL, and peripheral blood IL-10 levels were not tested in
study. Therefore, it is challenging to fully clarify the role of
IL-10 in differential diagnosis of PCNSL and sNHL. In the
future, we needed to expand samples and make more com-
prehensive exploration to clarify this problem.

In conclusion, this study analyzed the clinical features
and prognostic factors of PCNSL. At the same time, we
found the IL-10 concentration in CSF and IL-10/IL-6 ratio

Fig.5 Receiver operating 100 - ) —— IL-10
characteristic (ROC) curves —— IL-6
were generated to establish the 80 )
best cut-off value for interleu- - — IL10/IL-6 ratio
kin-10 (IL-10), IL-6, and IL-10/ £ 604
IL-6 ratio to distinguish newly =
diagnosed primary central nerv- 2 40-
ous system lymphoma (PCNSL) b
from systemic non-Hodgkin 20
lymphoma (sNHL)
0++— T T T 1
0 20 40 60 80 100
100% - Specificity%
Cutoff value(pg/ml) Sensitivity Specificity AUC

IL-10 0.43 96.30% 66.67% 0.84(0.71-0.96)

IL-6 3.71 66.67% 47.62% 0.51(0.33-0.68)

IL-10/IL-6 ratio 0.21 81.48% 80.95% 0.83(0.71-0.95)

@ Springer



2162

Annals of Hematology (2023) 102:2153-2163

in patients with PCNSL was different from sNHL, which
was helpful for the diagnosis of PCNSL.
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