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Purpose: Primary central nervous system lymphoma (PCNSL) responds favorably to radiation, chemotherapy and targeted drug
therapy. However survival is usually worse, the treatment-related drug resistance and recurrence are still clinical problems to be solved
urgently. Studies have shown that cytokines are expressed in varying degrees in patients with lymphoma, which is significantly related
to the progression, poor prognosis and drug resistance of lymphoma. We explore the expression and clinical significance of Th1/Th2/
Th17 cytokines and lymphocyte subsets in patients with PCNSL to provide a more sufficient theoretical basis for its diagnosis and
treatment.

Patients and Methods: We measured and analysed the levels of Th1/Th2/Th17 cytokines and the distribution of lymphocyte subsets
(including Treg cells, CD3+, CD4+, CD8+, CD19+, and CD4+/CD8+) in 39 patients with PCNSL and 96 patients with diffuse large
B-cell lymphoma (DLBCL) without central nervous system involvement. The cytokines of 13 healthy people and the lymphocyte
subsets of 27 healthy people were measured as the control group.

Results: We found a significant difference in the level of Th1/Th2/Th17 cytokines and lymphocyte subsets between PCNSL and
healthy controls, especially IL-2, after treatment, which was significantly higher than before treatment (»<0.01). However, the level of
CD19+ and CD4+/CD8+ decreased while CD8+ and CD3+ increased after treatment (regardless of whether the treatment was
effective), and the difference was statistically significant. In addition, our analysis of different prognostic factors found that HD-
MTX-based chemotherapy appears to have a longer progression-free survival and overall survival than osimertinib-based
chemotherapy.

Conclusion: There are significant differences in Th1/Th2/Th17 cytokines and lymphocyte subsets among PCNSL, DLBCL, and
healthy controls, and their detection is helpful for the diagnosis, treatment, and prognosis of PCNSL. HD-MTX-based chemotherapy
may still be the first choice for PCNSL.
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Introduction

Primary central nervous system lymphoma (PCNSL) is a rare aggressive non-Hodgkin’s lymphoma (NHL). The annual
incidence rate is approximately 0.44/100,000, accounting for approximately 2% of all primary central nervous system
tumours.’ As a special type of lymphoma, the diagnosis, treatment, and prognosis of PCNSL are different from those of
other types of NHL. Approximately 95% of PCNSL cases are diffuse large B-cell lymphoma (DLBCL), with the
remainder consisting of T-cell lymphoma, Burkitt lymphoma, lymphoblastic lymphoma, and low-grade lymphoma.*
The lesions are usually limited to the brain, eyes, spinal cord or leptomeninges without systemic involvement.* In recent

years, the overall incidence of PCNSL has increased year by year. Elderly individuals are the main group, and the median
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age at diagnosis is 65 years old.” Although high-dose methotrexate HD-MTX-based chemotherapy has made significant
progress in PCNSL patients, the prognosis is still poor compared with lymphoma outside the central nervous system,
with a 5-year survival rate of less than 30%.' Studies have shown that cytokines are expressed to varying degrees in
patients with lymphoma, which is significantly related to the progression, poor prognosis, chemotherapy response, and
drug resistance of lymphoma. It has been confirmed that IL-6 and IL-10 are highly expressed in the cerebrospinal fluid of
central nervous system lymphoma, and both suggest a poor prognosis.®’ Plasma cytokines and lymphocyte subsets are
currently easy to obtain as routine test indicators, but little research has been done. If the regularity of their expression
changes in PCNSL patients can be found, this will help identify prognostic factors and new and safe treatment strategies.
Therefore, this study aimed to explore the expression changes and clinical significance of cytokines and lymphocyte
subsets in patients with PCNSL and to further analyze their prognostic factors to provide new ideas for the diagnosis,
treatment, and prognosis of PCNSL.

Materials and Methods

Patients and Controls
A total of 39 inpatients with PCNSL in the Affiliated Hospital of Qingdao University from January 2020 to
December 2021 were selected as study subjects. All patients with PCNSL were diagnosed by routine staining and
immunohistochemical staining after operation or puncture biopsy. All patients received standard induction chemotherapy
based on the latest National Comprehensive Cancer Network (NCCN) guidelines once a definite diagnosis was made.
The study cohort included 14 males and 25 females. The median age of the patients was 59 years. Samples from 96
patients with DLBCL and the cytokines of 13 healthy people, and the lymphocyte subsets of 27 healthy people were
collected as controls in this study. There was no significant difference in sex or age among there groups (P > 0.05).
This retrospective study protocol was approved by the Ethical Committee of the Affiliated Hospital of Qingdao
University, China. The study complied with all of the provisions of the Helsinki Declaration. Informed consent was
obtained from each participant.

Detection of Plasma Cytokines

The 12-in-1 cytokine detection kit (multiple microsphere flow immunofluorescence method) (LOT NO: 210918) and
flow cytometry (Type: navios 3L 10c) were all purchased from Qingdao Raisecare Biological Technology Co., Ltd. The
specific method was as follows: 3mL peripheral blood was collected by EDTA anticoagulant tube (no need for fasting).

Reagent Preparation

Recover all reagents to room temperature before use. (1) Preparation of microspheres: vortex the microspheres for 30s
before the experiment, gently blow them with a pipette gun, beat them for about 30 times, and add samples immediately.
(2) Preparation of washing buffer: restore 10x washing buffer to room temperature, wait for all salts to dissolve, and
dilute to 1x with deionized water for use.

Experimental Operation

25 pL of experimental buffer, 25 puL of plasma and 25 pL of captured microsphere antibody to all flow tubes in turn, add
25 uL of detection antibody to mix well, and oscillate for 15 seconds. Incubate at room temperature for 2 hours in the
dark (400 r/min), then add 25 pL phycoerythrin-labeled streptavidin (SA-PE) to each tube, and incubate in the dark for
0.5 hours at room temperature. Add 500 p L washing buffer to each tube, 300 g centrifugal 5 min, discard the supernatant
and add 200 p L washing buffer, mix for about 10 seconds, and immediately go up flow cytometry to detect. Finally, the
cytokine levels were performed using LEGENDplex™ data analysis software.® The operation was performed thrice
according to the manufacturer’s instructions. The unit of measurement is pg/mL.

Detection of Lymphocyte Subsets
The levels of T-cell subsets (CD3+ T cells, CD4+ T cells, CD8+ T cells, Treg cells) and CD19+ B cells in peripheral
blood were detected by Beckman Navio flow cytometry and flow antibody (all purchased from Beckman Coulter, Inc.).
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The specific method was as follows: 5 mL peripheral blood of fasting patients was collected by EDTA-K2 anticoagulant
tube in the morning, 5 pL CD4FITC/CDSPE/CD3PerCP was added into the flow tube, 40 pL peripheral blood
anticoagulated with EDTA was added, vortex oscillation was mixed evenly, 15 min was incubated at room temperature
in the dark, 200 pL hemolysin was added, and 15 min was incubated at room temperature again. After sufficient
haemolysis, the percentage of cell subsets was detected by flow cytometry and analysed by Kaluza® (Beckman Coulter)
data analysis software.” CD3+ is total T cells, CD19+ is total B cells, CD4+ is helper T cells (Th), CDS is suppressor
T cells (Ts), and Tregs are regulatory T cells.

Chemotherapy Regimen
R-MDT: rituximab, HD-MTX, dexamethasone, temozolomide; R-BDT/BCT: rituximab, osimertinib, dexamethasone/
semustine, temozolomide; R-ZDT: rituximab, zanubrutinib,

Efficacy Evaluation

Evaluation of the therapeutic effect of the study: According to the International Primary CNS Lymphoma Collaborative
Group (IPCG),"® complete remission (CR), partial remission (PR), stable condition (SD) and disease progression (PD)
were evaluated. We classified CR and PR as effective treatment and SD and PD as ineffective treatment.

Survival Analysis

Overall survival (OS)was measured from the date of diagnosis to the date of death or the last follow-up. Progression-free
survival (PFS) was measured from diagnosis to the date of disease progression or death due to PCNSL. Survival
functions were estimated using the Kaplan—-Meier method and compared by the Log rank test.

Statistical Analysis

All statistical analyses were performed via SPSS Statistics 25.0 and GraphPad Prism 9.0. Continuous variables were
expressed as the mean with medians and interquartile range (median, IQR), and categorical variables were presented as
numbers and percentages (n, %). This is represented by a histogram or lattice diagram. The Kruskal-Wallis H-test was
used to compare groups, and the Bonferroni test was used for pial comparisons. The comparison before and after
treatment was conducted by paired nonparametric test (Wilcoxon signed-rank). P<0.05 indicates that the difference is
statistically significant.

Results

The Base Information of Patients with PCNSL in This Study

A total of 39 patients were included in this study, including 14 males (35.9%) and 25 females (64.1%). The median age
of diagnosis was 59 (51-67) years. The LDH level of most patients was normal (30/39), and the positive rate of Ki-67 in
79.49% of patients was greater than or equal to 80% (31/39). Approximately 25.64% (10/39) of patients were EBV
positive and 33.33% (14/39) were C-Myc/Bcl-2 positive. Most of the patients have headaches, dizziness, limb numbness,
unclear speech, and blurred vision as the first symptoms. The lesions are mostly limited to the frontal lobe, temporal lobe,
parietal lobe, and medulla oblongata, cerebellum, and so on. Among the 39 patients, 37 patients received chemotherapy-
based therapy, including 21 patients with high-dose methotrexate (R-MDT), 13 patients with osimertinib-based che-
motherapy (R-BDT, R-BCT), and 3 patients with zanubrutinib-based chemotherapy (R-ZDT). The other 2 patients
generally in poor condition, gave up chemotherapy and only received symptomatic support treatment (Table 1).

Comparison of Th1/Th2/Th17 Cytokine Levels

There were significant differences in the levels of plasma IL-1p, IL-2, IL-4, IL-5, IL-6, IL-10, IL-12, IL-17, TNF-a, and
IFN-0 among the PCNSL group, DLBCL group, and healthy control group at the first visit (P < 0.05) (Table 2). Pairwise
comparison showed that the plasma levels of IL-1f, IL-2 (Figure 1A), IL-4, IL-5, IL-6, IL-10, IL-12, IL-17, TNF-a and
IFN-a in the PCNSL group were significantly higher than those in the healthy control group, IFN-a was significantly
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Table |1 The Base Information of Patients with PCNSL in This Study
Characteristics Case (n) Percentage (%)
Agelyear
<59 18 46.15
259 21 53.85
Sex
Male 14 35.9
Female 25 64.1
LDH (U/L)
<250 32 82.1
2250 7 17.95
Ki-67(%)
<80% 8 20.51
280% 31 79.49
EBV + 10 25.64
C-Myc/Bcl-2 + 14 3333
Treatment
R-MDT 21 53.85
R-BDT 13 359
R-ZDT 3 7.69
Symptomatic treatment 2 5.13
Clinical efficacy
PR+CR 22 56.41
PD+SD 17 43.59
Notes: “+” indicates positive. “PR+CR” indicates that the treatment was effective. “ PD+SD” indicates that
the treatment was ineffective.
Table 2 Plasma Th1/Th2/Th17 Cytokine Levels [Pg/mL, M (Range)]
Group n IL-1B IL-2 IL-4 IL-5 IL-6 IL-8
PCNSL 39 2.00(1.26~4.17) 1.33(0.98~1.82) 1.34(0.96~1.76) 1.12(0.91~1.52) 3.19(1.30~6.73) 2.30(1.41~3.91)
DLBCL 96 2.19(1.81~6.45) 1.23(0.96~2.09) 1.28(0.77~1.44) 1.25(0.98~2.00) 6.24(2.45~17.43) 2.30(1.70~4.38)
Healthy 13 0.41(0.00~2.56) 0.01(0.00~0.09) 0.25(0.23~0.31) 0.71(0.57~1.00) 0.82(0.58~1.15) 3.05(1.84~4.32)
H 13.332 34.597 34.529 13.732 28.653 0.498
P 0.001 <0.001 <0.001 0.001 <0.001 0.78
Group n IL-10 IL-12P IL-17 TNF-o IFN-a IFN-y
PCNSL 39 1.24(0.75~3.23) 1.35(1.09~1.77) 2.00(1.18~2.38) 1.67(1.19~2.29) 1.27(0.61~1.91) 3.00(1.87~5.38)
DLBCL 96 1.30(0.94~3.06) 1.19(0.84~1.77) 1.60(0.97~2.14) 2.21(1.03~2.35) 2.03(1.49~2.08) 3.93(2.39~8.63)
Healthy 13 0.44(0.37~0.49) 0.58(0.45~0.67) 0.38(0.31~0.54) 0.43(0.11~0.78) 0.47(0.10~1.21) 2.03(1.27~5.62)
H 28.432 22.021 30.782 26.322 18.943 3.781
P <0.001 <0.001 <0.001 <0.001 <0.001 0.151

Notes: Kruskal-Wallis H-test, P<0.05 indicates that the difference is statistically significant.

lower than that in the DLBCL group (Figure 1B). In addition, the IL-2 of patients with effective treatment after treatment
was significantly higher than that before treatment (Figure 2A), and there was no significant difference in other cytokines
before and after treatment (whether the treatment was effective or not) (Tables 3 and 4, Figure 2B).
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Figure | Distribution of IL-2 and IFN-a in patients with PCNSL and the control group.
Notes: (A) The level of IL-2 in PCNSL was significantly higher than that in the healthy people; (B) IFN-a levels in PCNSL were lower than those in DLBCL.
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Figure 2 Comparison of IL-2 between initial and after treatment in patients with PCNSL.
Notes: (A) The level of IL-2 after effective treatment was significantly higher than before treatment; (B) there was no significant change in IL-2 levels before and after
ineffective treatment.

Comparison of Lymphocyte Subsets

There were significant differences in the levels of Treg cells, CD3+, CD4+, CD8+, CD4/CD8, and CD19+ among the
PCNSL group, DLBCL group, and healthy control group at the first visit (P < 0.05) (Table 5). Pairwise comparison
showed that Treg cells in patients with PCNSL were significantly higher than those in the healthy control group, but
CD19+ was higher than that in patients with DLBCL, which was not significantly different from those in the healthy
control group (Figure 3A and B). At the first visit, Treg and CD8+ in the PCNSL group were significantly lower than
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Table 3 Plasma Th1/Th2/Th17 Cytokine Levels in 22 Patients with PCNSL in Effective Chemotherapy [Pg/mL, M (Range)]

Group IL-1p IL-2 IL-4 IL-5 IL-6 IL-8
Initial treatment 1.81(1.26~2.46) 1.09(0.80~1.33) 1.42(1.28~1.74) 1.11(1.08~151) | 3.53(1.50~6.15) | 2.30(1.58~3.53)
(PR+CR) 1.81(1.10~2.75) 1.59(1.43~2.76) 1.28(0.68~2.08) 1.08(0.79~1.94) | 2.23(1.08~6.52) | 2.30(0.90~4.10)
z ~0.052 ~2.902 -0.362 ~0.24 -0.152 ~0414

P 0.959 0.004 0717 0811 0.879 0.679

Group IL-10 IL-12P IL-17 TNF-o IFN-a IFN-y

Initial treatment 1.14(0.71~1.63) 1.75(1.14~1.77) | 2.14(1.36~223) | 2.21(1.23~2.26) 1.43(0.53~2.03) | 3.00(1.77~4.00)
(PR+CR) 0.95(0.69~1.68) 123(1.09~1.70) | 2.00(0.72~2.81) 1.40(1.02~2.93) 1.68(0.92~2.08) | 3.29(2.36~6.11)
z -0.937 ~0.362 ~0.465 ~0.284 -18l ~1.065

P 0.349 0717 0.642 0.776 0.07 0.287

Notes: Wilcoxon signed-rank, P<0.05 indicates that the difference is statistically significant. “PR+CR” indicates that the treatment was effective.

Table 4 Plasma Th1/Th2/Th17 Cytokine Levels in 17 Patients with PCNSL in Ineffective Chemotherapy [Pg/mL, M (Range)]

Group IL-1p IL-2 IL-4 IL-5 IL-6 IL-8
Initial treatment 2.33(1.18~4.94) 1.21(0.83~2.15) 1.21(0.82~1.82) 1.19(0.92~1.62) 3.06(1.07~14.86) 2.35(1.04~3.97)
(PD+SD) 2.46(0.92~5.52) 1.58(1.42~2.28) 1.19(0.70~1.83) 1.18(0.70~1.89) 1.35(0.51~5.85) 3.15(1.41~4.14)
z —0.401 —0.863 —0.141 -0.7 —1.54 —0.28
P 0.889 0.388 0.888 0.484 0.123 0.779
Group IL-10 IL-12P IL-17 TNF-a IFN-a IFN-y
Initial treatment 1.63(0.83~4.01) 1.25(1.03~1.40) 1.56(1.12~2.24) 1.53(1.22~2.25) 1.16(0.62~1.69) 3.15(1.92~6.43)
(PD+SD) 1.11(0.92~1.26) 1.46(0.58~1.90) 1.46(0.58~1.90) 1.45(1.15~2.08) 1.46(0.58~1.90) 3.58(2.22~6.51)
z —0.28 —0.84 —0.28 -4 0 —0.42
P 0.779 0.401 0.779 0.161 | 0.674

Notes: Wilcoxon signed-rank, P<0.05 indicates that the difference is statistically significant. “PD+SD” indicates that the treatment was ineffective.

Table 5 Levels of Lymphocyte Subsets at Initial Treatment [%, M (Range)]
Group n Treg cD3* cD4* cDg* CD4+/CD8+ CcDI9*
PCNSL 39 | 5.53(3.78~6.90) 74.93(69.33~79.09) 69.76(52.14~78.23) 19.40(13.91~27.35) 3.38(2.07~5.65) 11.47(4.16~16.92)
DLBCL 96 | 4.83(3.78~6.43) 74.82(65.96~81.93) | 46.17(37.52~66.07) | 24.30(20.61~35.53) 1.82(1.17~2.97) 7.21(3.77~11.02)
Healthy | 27 | 2.56(2.27~2.91) 71.44(66.36~73.57) 37.53(32.86~44.76) | 26.17(23.10~34.15) 1.50(0.95~1.91) 9.89(8.23~16.77)
H 39.168 4.132 32961 14.245 30.819 9.837
P <0.001 0.127 <0.001 <0.001 <0.001 0.007

Notes: Kruskal-Wallis H-test, P<0.05 indicates that the difference is statistically significant.

those in the DLBCL group and healthy control group, while CD4+ and CD4+/CD8+ were significantly higher than those
in DLBCL group and healthy control group (Figure 3C-E). In PCNSL group, CD19+ and CD4+/CD8+ decreased and
CD8+ and CD3+increased after treatment (regardless of whether the treatment was effective), and the difference was
statistically significant (P < 0.05) (Tables 6, 7) (Figure 4).
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Figure 3 Distribution of Treg, CD3+, CD4+, CD8+, CD4/CD8, and CD 19+ cells in patients with PCNSL and the control group.
Notes: (A) Treg levels were higher in PCNSL patients than in healthy subjects; (B) compared with DLBCL patients, PCNSL patients had higher CD 19+ levels; (B), (D), (E)
compared with DLBCL patients and healthy volunteers, PCNSL patients had higher levels of CD4+ and CD4+/CD8+ and lower levels of CD8+. **P < 0.001.

Clinical Prognostic Determinants in PCNSL

The median follow-up time of all PCNSL patients was 9 months. After treatment, 22 patients were effective (CR+PR,
56.41%), and 18 patients progressed (PD+SD, 43.59%). As of the follow-up date, 12 patients died, and 18 patients
progressed. The overall survival curve of the patients is shown in Figure 5. The patient’s PFS rate and OS rate at 18
months were 39% and 57%, respectively. Because some patients are still in treatment, the follow-up time is short, and the
overall median OS and PFS are not reached. Univariate analysis showed that the disease progression of the patients was
not significantly related to sex, age, IL-2, CD19+, CD8+, CD3+, LDH, Ki67, EBV, or C-Myc/Bcl-2, but was significantly
correlated with treatment regimen (p < 0.001) (Table 7). Among them, the patients with symptomatic support therapy (2
cases) had a median PFS of 1 month, and 13 patients with osimertinib-based chemotherapy regimens had a median PFS
of 3 months (95% CI:1.74-4.26). Among them, 3 patients achieved a PR, an ORR (including CR and PR) of 25%, 10
patients were evaluated as PD, and 7 patients died. Patients treated with the HD-MTX-based chemotherapy regimen (21
cases) and patients treated with the zanubrutinib-based chemotherapy regimen (3 cases) did not reach the median OS and
PFS as of the follow-up date (Figure 6) (Table 8). Because other related parameters of PFS in the univariate analysis did
not reach the predetermined significance threshold, multivariate analysis was not carried out.

Discussion
Primary central nervous system lymphoma (PCNSL) is a highly invasive malignant tumour with different clinical
manifestations and poor prognosis, although at present, with a better understanding of the molecular characteristics of
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Table 6 Levels of Lymphocyte Subsets in 22 Patients with PCNSL in Effective Chemotherapy [%, M(Range)]

Group Treg cD3* cD4* cDg* CD4+/CD8+ CcDI9*

Initial treatment | 5.90(3.70~7.01) | 75.67(71.94~79.22) | 69.82(61.57~78.10) | 20.82(14.29~25.67) | 3.35(2.16~5.61) | 11.43(8.49~15.62)

(CR+PR) 5.14(3.83~7.68) | 83.12(77.33~90.05) | 65.48(57.16~72.32) | 27.26(22.62~35.02) | 2.36(1.65~329) | 0.04(0.02~0.11)
z -0.876 -3315 ~1.673 -2.768 ~2.403 ~4.106
P 0381 0.01 0.094 0.006 0.016 <0.001

Notes: Wilcoxon signed-rank, P<0.05 indicates that the difference is statistically significant. “PR+CR” indicates that the treatment was effective.

Table 7 Levels of Lymphocyte Subsets in 17 Patients with PCNSL in Ineffective Chemotherapy [%, M(Range)]

Group Treg cD3* cD4* cDg* CD4+/CD8+ CcDI9*

Initial treatment | 5.80(3.64~7.01) | 72.78(64.22~77.09) | 66.45(49.04~79.49) | 16.09(12.75~29.29) | 3.58(2.07~6.36) | 12.22(3.97~20.59)

(PD+SD) 5.65(4.95~6.06) | 85.29(77.68~93.88) | 62.46(44.51~74.32) | 23.41(18.51~40.71) | 2.90(1.30~3.35) | 0.01(0.00~0.03)
z ~1.014 ~2.756 -0.267 ~2.134 ~1.334 ~2.803
P 031 0.006 0.155 0.033 0.033 0.005

Notes: Wilcoxon signed-rank, P<0.05 indicates that the difference is statistically significant. “PD+SD” indicates that the treatment was ineffective.

PCNSL, individualized therapy based on standard induction of HD-MTX combined with targeted drugs has improved the
survival rate of this rare invasive central nervous system lymphoma. However, recurrence is common, progression is
rapid, and the long-term survival rate is still very low. Therefore, a better understanding of the biological and
immunological characteristics of PCNSL is still necessary, which will provide a sufficient theoretical basis for its
diagnosis and treatment.

Cytokines play an important role in the regulation of the immune system. This study analysed Th1/Th2/Th17
cytokines in 39 patients with primary central nervous system lymphoma. The results showed that the plasma levels of
IL-2, IL-4, IL-12, IL-17, TNF, TNF-0, and IFN-a in patients with PCNSL were significantly higher than those in healthy
controls, and IFN-a was significantly lower than that in DLBCL group. The IL-2 level in patients with effective treatment
was significantly higher than before treatment. It is suggested that plasma cytokines have a certain guiding significance in
the diagnosis and prognosis of PCNSL. For a long time, IL-2 has been regarded as a T-cell growth factor, that can act on
lymphocytes by binding to the polymer IL2 receptor (IL-2R) and enter the cycle in the form of plasma soluble
interleukin-2 receptor (sIL-2R). It is necessary for the proliferation and survival of effector T cells.'"'? Yuying Liu
and colleagues found that sustained high levels of IL-2 in mouse tumour models and cancer patients can induce CD8+
T-cell depletion in the tumour microenvironment by activating the STAT5-5-HTP-AhR pathway, which in turn suppresses
antitumor immunity.'> Before this, Beltra JC et al found that IL-2 can promote the apoptosis of effector T cells through
activation-induced cell death, thus hindering the immune response.14 However, some studies have shown that IL-2
promotes the growth and differentiation of CD8+ T cells in vivo, is essential for the development and function of Treg
cells, and enhances the antitumor immunity of the body.'>'® In recent years, IL-2 immunotherapy has been proven to
have a good clinical response to the treatment of melanoma and renal cell carcinoma.'’™'* In our study, the high IL-2 in
newly diagnosed PCNSL patients may be because malignant lymphoma itself is an immune cell tumour. The abnormal
proliferation of immune cells makes the patient’s immune system in a state of high response, which in turn stimulates the
immune response. After the improvement of follow-up treatment, IL-2 continued to increase, in line with the antitumor
characteristics of IL-2. IFN- vy is derived from activated T cells and NK cells and plays an immunomodulatory role. After
many reports on IFN- y as the most important antitumor cytokine member,”® Markovic et al*' showed that IFN- y played
a promoting role in the occurrence and development of tumours. In children with ALK-positive anaplastic large cell
lymphoma (ALCL), high levels of IFN-y are significantly correlated with high tumour stage, poor initial general
condition and low 3-year PFS rate.”> However, in this study, we did not find significant differences in the levels of
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Figure 4 Comparison of CD 19+, CD3+, CD8+, CD4+/CD8+ between initial and after treatment in patients with PCNSL.
Notes: (A and B) After chemotherapy (whether effective or not), the level of CDI9+ and CD4+/CD8+ decreased significantly compared with before chemotherapy;
(C and D) after chemotherapy (whether effective or not), the level of CD8+ and CD3+ were significantly higher than that before chemotherapy.

IFN-y between PCNSL patients and healthy people. IFN- a protein is produced by white blood cells and is mainly
involved in innate immunity in response to viral infection. Studies have shown that enhancing the expression of I[FN-a in
tumour infiltrating macrophages can induce more effective dendritic cell activation and immune cytotoxicity.”” TNF-a
can specifically bind to tumour cell receptors, inhibit the expression of p53 protein itself, enhance cytotoxicity, and
accelerate apoptosis. High levels of TNF-o will increase the risk of NHL in the future.>* Our results show that the levels
of other cytokines except IL-8 and IFN-y in patients with PCNSL are significantly higher than those in healthy controls,
which may be related to the heavy tumour load and enhanced antitumor immune response in patients with PCNSL.

In addition, because malignant lymphoma is an immune cell tumour, the body’s immune function is abnormal. When
the body is in a state of immunosuppression, the body’s ability to recognize and kill mutant cells decreases, and
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Figure 5 Kaplan—Meier curves for progression-free and overall survival of all patients with PCNSL.
Notes: (A) progression-free survival curve; (B) overall survival curve.
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Figure 6 Kaplan—Meier curves for progression-free and overall survival of all newly diagnosed patients with PCNSL.

Notes: (A and B) Kaplan—Meier curves for progression-free and overall survival of all newly diagnosed PCNSL patients with different level of IL-2; (C and D): Kaplan—Meier
curves for progression-free and overall survival of PCNSL patients with different treatment options. Note (a) symptomatic treatment; (b) chemotherapy based on MTX
(R-MDT); (c) chemotherapy based on osimertinib (R-BDT, R-BCT); (d) chemotherapy based on ibrutinib (R-ZDT).
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Table 8 Analysis of Prognostic Factors

Factors n PFS M(95% CI) (Months) Log Rank P OS M(95% CI) (Months) Log Rank P

Sex 0.802 0.886
Male 14 18.00(14.43—46.28) N
Female 25 N N

Agelyear 0.71 0.123
259 21 N N
<59 18 18.00(0.00—40.18) N

IL-2(ng/L) 0.401 0.14
=].33 14 3.00(0.00-9.78) 11.00(0.00-26.23)
<1.33 15 N N

CDI19+ (%) 0.705 0.957
2| 1.47 20 18.00(0.00—41.50) N
<|1.47 19 N N

CD3+ (%) 0.405 0.773
274.93 17 N N
<7493 22 7.00(0.00-27.95) N

CD8+ (%) 0.518 0.953
219.40 18 N N
<19.40 21 18.00(0.00—47.43) N

CD4+/CD8+ 0.448 0.507
23.38 20 5.00(-) N
<3.38 19 N N

LDH(U/L) 0.351 0.957
2250 7 N N
<250 32 18.00(-) N

Ki67(%) 0.141 0.984
280 31 N N
<80 6 7.00(0.00-18.85) N

C-Myc/Bcl-2 +) 14 5.00(-) 0.532 N 0.922

EBV (+) 10 18.00(4.04-31.96) 0.665 N 0.537

Notes: “+” indicates positive. “N” indicates positive median survival time was not reached.

T lymphocyte subsets, as the most important cellular immunity, play an immunomodulatory role. The results showed that
the levels of Treg cells in patients with PCNSL were significantly higher than those in the healthy control group.
However, CD19+ cells were only higher than those in patients with DLBCL. At the first visit, the levels of CD8+ in the
PCNSL group were significantly lower than those in the DLBCL group and healthy control group. At the same time
CD4+ and CD4/CD8 were significantly higher than those in the DLBCL group and healthy control group, suggesting that
T lymphocyte subsets were abnormally expressed in PCNSL patients. CD3 is a T-cell coreceptor that reflects the changes
in the total level of T lymphocytes and helps to activate cytotoxic CD8+ T cells and CD4+ T helper cells.”> A decrease in
CD3+ indicates a decrease in immunity, while if it is too high, it indicates that the tumour load is heavy and the immune
response is strong. Batorov et al found that the increase in CD3+ T cells was associated with early recurrence or
progression after autologous haematopoietic stem cell transplantation in patients with classical Hodgkin’s lymphoma.*®
However, from our data, we can see that the percentage of CD3+ cells in patients with PCNSL and DLBCL is higher
than that in healthy people, but the difference is not significant. At present, it is known that tumour-specific CD4+T cells
play a role in the anticancer immune response because CD4+ T cells can induce immune cells in vivo and participate in
the activation of B lymphocytes, macrophages and cytotoxic CD8+ T cells, while CD8+T cells have limited antitumor
effect in the absence of CD4+ T cells.?”*® A decrease in CD4+ level indicates a decline in immune function, which affect
the antitumor effect and leads to the continuous progression of tumour. Kusano and colleagues found that lower CD4+ at
diagnosis had a significant negative impact on the survival of DLBCL patients treated with R-CHOP. Various adverse
prognostic factors were associated with a significant decrease in CD4 in DLBCL patients.”’ Because CD8+ can inhibit
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the function of B lymphocytes and CD4+, and then inhibit antibody formation and the cellular immune response.’® The
increase in CD8+ levels will affect the antitumor effect of B lymphocytes and macrophages, resulting in the continuous
proliferation of tumour cells and exacerbating the disease.*' Treg cells are recently recognized immunomodulatory cells
that originate from the thymus and play a negative immunomodulatory role. They have two characteristics: immuno-
suppression and immune anergy. They have potential application value treating autoimmune diseases, immunotherapy of
tumours and induction of transplant tolerance.*> In summary, considering that PCNSL is a highly invasive malignant
tumour, the results of this study seem to contradict the above conclusions. It may be related to the fact that PCNSL is
a highly invasive immune disease and the body is in a high response state. Therefore, we further analysed the changes in
lymphocyte subsets in patients with PCNSL before and after treatment. The results showed that CD8+ and CD4+/CD8+
in patients with PCNSL after treatment were significantly higher than before treatment regardless of whether the
treatment was effective. CD19 is a surface antigen of B lymphocytes and an important immune cell of the body,
which is related to antitumor, antiviral and immune regulation. The low level of CD19+, the increase in CD8+ and the
decrease in CD4+/CD8+ showed that the patients’ immunity decreased significantly after chemotherapy. Chemotherapy
can regulate the level of lymphocyte subsets, and CD19+ is one of the main target point of B cells. Its level is related to
the therapeutic effect of targeted drugs, which can provide a scientific basis for clinical adjustment and treatment.

In addition, we evaluated the efficacy of different chemotherapy regimens and found that sex, age, IL-2, CD19+, CD8+,
CD3+, LDH, Ki67, EBV, or C-Myc/Bcl-2 were not related to the prognosis of PCNSL. Patients treated with methotrexate
and zanubrutinib-based chemotherapy regimens had longer overall survival times and progression-free survival than those
treated with Osimertinib. In many studies in the past, individualized therapy based on standard induction combined with
targeted drugs based on HD-MTX has been confirmed. With in-depth study of the pathophysiology of PCNSL, it was found
that the BCR pathway is the key mechanism of PCNSL. Anew drug targeting BCR pathway component, Bruton tyrosine
kinase (BTK) inhibitors, has greatly improved the treatment of B-cell malignant tumours since the first generation of drugs
ibrutinib.*> As second-generation BTK inhibitors, osimertinib and zanubrutinib have the characteristics of stronger
selectivity, fewer adverse reactions, higher tolerability, higher target share and more lasting inhibition than first-
generation drugs.** ¢ A retrospective study of 23 patients with CNSL found that the 6-month PFS rates of patients with
newly diagnosed CNSL and patients with relapsed/refractory CNSL were 100% and 67.70%, respectively, with the
treatment regimen based on osimertinib.’’ This is inconsistent with our research results, and the reason for this may be
the small sample size and the short follow-up period. In particular, as a new drug just approved on the market on
December 25, 2020, there are few clinical data for reference. The chemotherapy cycle of individual cases we included in
the study is too short; therefore, the efficacy cannot be well evaluated. We will increase the sample size and follow-up time
for further study in the follow-up.

Conclusion
Cytokines may provide an important reference for the auxiliary diagnosis, medication and prognostic intervention of
PCNSL. Particularly, the increase of IL-2 may be related to the higher remission rate of the disease, suggesting that
monitoring its level is helpful for the diagnosis and prognosis of PCNSL. Lymphocyte subsets are abnormally expressed
in PCNSL patients and are related to different lymphoma types and curative effects. Lymphocyte subset is an important
index to understand the function of cellular immunity and humoral immunity, and it is very important to evaluate the
immune function of the body. Our findings suggest that monitoring the changes in lymphocyte subset levels can assess
the severity of the patient’s disease and disease progression and guide the clinical formulation of optimal chemotherapy
regimens to improve patients’ treatment effect and prognosis. Clinical studies of BTK inhibitors, especially Osimertinib,
in patients with PCNSL are few, and the specific treatment efficacy is unclear. Therefore, prospective experimental
studies are necessary. In short, our results suggest that HD-MTX based chemotherapy may still be the first choice for the
clinical treatment of PCNSL.

Finally, this study has some limitations: this study was a single-centre study, the sample size of patients was relatively
small, the disease progressed rapidly, the patients’ treatment compliance was poor, and some data were lost. In the future,
a multicentre study with expanded sample size is needed to supplement more clinical data to further clarify the changes
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and clinical significance of cytokines and lymphocyte subsets in the treatment of patients with PCNSL, and the
therapeutic role of osimertinib in primary central nervous system lymphoma.
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