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Introduction

Primary diffuse large B-cell lymphoma (DLBCL) of the central
nervous system (PCNSL) is a distinct entity of DLBCL that
arises in the brain, spinal cord, leptomeninges and eyes [1].
The disease affects predominantly elderly patients with
increasing incidence during the last three decades [2] and
with a dismal outcome compared to systemic DLBCL
(sDLBCL) [3]. The established prognostic impact of cell of ori-
gin (COO) and protein expression and/or genetic alterations
of MYC, BCL2 and BCL6 in sDLBCL is not applicable in PCNSL.
Several studies found the majority of PCNSL cases to belong
to the non-GCB subtype, but with no prognostic impact on
survival [4,5]. On the other hand, conflicting results were
reported regarding the prognostic impact of genetic altera-
tions and protein expression of MYC, BCL2 and BCL6 in
PCNSL [6].

Cancer immunotherapy has successfully launched a new
era in oncology by using immune checkpoint inhibitors and
immunological tolerance modifiers in treating various malig-
nancies. However, the results in hematological malignancies
have been disappointing, except for classical Hodgkin lymph-
oma (cHL), probably based on the important role of the PD-
1/PDL-1 axis in cHL [7]. Trials of combined PD-1 and IDO1
inhibitors have been evaluated in order to restore T-cell
function and aid killing of cancer cells [8-10]. The role of PD-
1/PD-L1 expression in PCNSL has gained increasing attention
since an initial report of successful therapy with a PD-1
inhibitor [11]. The protein expression of PD-1 and its ligands,
as well as IDO1 have been explored in different types of
solid and hematological malignancies. However, only a few
published studies evaluated the expression of PD-L1 and PD-
L2 in PCNSL with contradictory results regarding the associ-
ation of these proteins with survival [12,13]. No previous
studies were published concerning the prognostic impact of
IDO1 protein expression in PCNSL.

In a previous study from our group, we found a signifi-
cant association between gene and protein expression of

IDO1 and protein expression of PD-L1 in the tumor micro-
environment of PCNSL [14]. As a follow-up to our previous
study, we expanded our cohort and aimed to evaluate the
protein expression of PD-1, PD-L1 and PD-L2 in relation to
the clinical characterization, immunophenotypic and molecu-
lar features of formalin-fixed, paraffin-embedded (FFPE)
tumor biopsies of PCNSL.

Material and methods
Patients

We evaluated 174 PCNSL patients (whole cohort), including
our previous cohort [14] and 83 PCNSL patients diagnosed at
the Department of Pathology, Karolinska University Hospital,
between 1992-2019. FFPE diagnostic biopsies were reviewed
by two hematopathologists (RMA, LS), and initial diagnosis of
PCNSL was confirmed according to the 2017 WHO classifica-
tion of Tumors of Hematopoietic and Lymphoid Tissues
[1,15]. We performed analyses on tissue microarrays (TMA)
containing two cores of one mm in diameter per case in 49
PCNSL patients with sufficient tumor tissue in whom curative
treatment was intended and clinical data was available (TMA
cohort). This study was approved by the Swedish Ethical
Review Authority (dnr 2019-00087, 233-2014, 246-2008).

Methods

Immunohistochemistry and FISH for MYC, BCL2 and BCL6
were performed and evaluated as previously described [14].

Treatment

Curative treatment with chemotherapy with and without
high dose of methotrexate (MTX) and/or radiotherapy was
intended in 110 patients.
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Statistical analyses

Cut off values for low and high proportions of PD-1, PD-L1
and PD-L2 positive cells were determined with receiver oper-
ating characteristic curves with Youden’s index calculated.
Optimal cut off values were >2.5% PD-1, >85% PD-L1 and
>8% PD-L2 for leukocytes, and >1% PD-1, >80% PD-L1 and
>60% PD-L2 for tumor cells. Overall survival (OS) was
defined as time from diagnosis to time at last follow up or
death from any cause. All patients either died due to lymph-
oma or with lymphoma. Patients who were alive at last fol-
low-up were censored. Survival curves and univariable
analyses were analyzed with the Kaplan—Meier method, the
log-rank test and Cox proportional hazards regression in the
TMA cohort. Statistically significant variables in the univari-
able survival analyses were included in the multivariable Cox
regression analysis. Chi-square or Fisher's exact test were
used to compare tabulated values and mean differences
were compared with the Wilcoxon rank-sum test between
the whole cohort and the TMA cohort. P-values <0.05 were
considered significant. Statistical analyses were performed
with R Studio 1.1.383 (www.r-project.org).

Results
Clinicopathological characteristics

In the whole cohort, median age was 66 and 46% were
female. At diagnosis, 45% had a MSKCC score >2 and 50%
had elevated lactate dehydrogenase. According to the Hans
algorithm, 86% were of non-germinal center B-cell origin
(non-GCB). High protein expression of MYC, BCL2 and BCL6
was detected in 48%, 90% and 59%, respectively. Double
protein expression of MYC and BCL2 was detected in 48% of
cases. There was no case with translocation of MYC or BCL2,
while BCL6 translocation was found in 19% (Table 1).

There were no differences between the whole cohort and
the TMA cohort regarding clinicopathological variables.
Clinical data on type of treatment was available in 45
patients in the TMA cohort, where 35 were treated with regi-
mens including methotrexate. High protein expression of PD-
1, PD-L1 and PD-L2 on leukocytes was detected in 47%, 57%
and 51%, respectively. Expression of IDO1 on leukocytes was
detected in 28%. Patients with a high proportion of PD-L1+
leukocytes were younger, and more frequently had a high
proportion of PD-L1+ tumor cells, high proportion of PD-
L2+ leukocytes and IDO1+ leukocytes compared to patients
with a low proportion of PD-L1+ leukocytes (Table 1).

Survival analyses

Five-year OS was 25% in the whole cohort and 41% in the
TMA cohort. In the TMA cohort, 34 patients died during fol-
low-up and patients with high proportions of PD-L1+ leuko-
cytes had a superior 5-year OS of 54%, compared to patients
with low proportions of PD-L1+ leukocytes with a 5-year OS
of 24% (Figure 1). Age (continuous variable) (hazard ratio
(HR)=1.03, [95% confidence interval (Cl) 0.18-0.79], p=0.01),
treatment with methotrexate (HR = 0.23, [95% Cl| 0.13-0.41],

ACTA ONCOLOGICA 825

p < 0.001), and high proportions of PD-L1+ leukocytes (HR =
0.47, [95% Cl 0.24-0.94], p=0.03) and PD-L2+ leukocytes
(HR = 0.37, [95% ClI 0.18-0.79], p=0.01) were associated
with OS in univariable survival analyses, while all other clini-
copathological variables were not statistically significantly
associated with OS. In a multivariable analysis, only a high
proportion of PD-L14 leukocytes (HR = 0.35, [95% Cl
0.13-0.91], p=0.03) and treatment with methotrexate (HR =
0.17, [95% Cl 0.06-0.46], p<0.001) remained statistically
significant.

Discussion

In this study, 49 PCNSL patients were treated with curative
intent and had tumor material available for pathological
analyses. We assessed the protein expression of PD-1 ligands
on leukocytes and tumor cells and found that high propor-
tions of PD-L1+ and PD-L2+ leukocytes were associated
with superior outcome, while only PD-L1+ leukocytes were
associated with superior outcome in a multivariable analysis.
High proportions of PD-L1+ and PD-L2+ tumor cells had no
prognostic impact. This may be explained by the different
mechanisms, which underlie protein expression of PD-L1 and
PD-L2 on tumor cells versus immune cells, though both cell
types can regulate PD-1 ligands and contribute to immune
suppression 117

The role of PD-1 and its ligands in PCNSL has been eval-
uated by a limited number of studies. Lower rate of high
proportions of PD-L1+ and PD-L2+ tumor cells than leuko-
cytes was reported by others [12,13]. An adverse prognostic
impact of PD-1 expression in PCNSL but no significant associ-
ation of PD-L1 and PD-L2 expression with survival [18] has
been reported. In addition, a superior outcome among
PCNSL patients with PD-L1+ tumor cells and no significant
association of PD-L1+ leukocyte with survival was found
[13]. Similar to our finding, Furuse et al revealed that patients
with high expression of PD-L1 on macrophages had superior
outcome compared to those with low PD-L1 expression on
macrophages [12]. However, these studies used different
antibody clones and different methods to estimate the
expression of PD-1 and its ligands, and calculate cut off val-
ues, which may explain the discrepant results. Furuse et al
however used the same antibody clone and assessed
the protein expression of PD-1 ligands in a similar way to
our study.

A historical improvement of survival in PCNSL was
achieved since the introduction of MTX in the treatment reg-
imens, though significant neurotoxic side effects were
reported upon prolonged survival [19,20]. In our cohort, both
treatment with MTX and high proportion of PD-L1+ leuko-
cytes were associated with superior outcome in a multivari-
able analysis. The role of immunosuppressive mechanism
of action of MTX with the immunosuppressive role of PD-L1
in the tumor microenvironment in PCSNL remains to
be resolved.

IDO1 was investigated in PCNSL in only a few studies [21].
In our previous study, we identified a significant association
between gene and protein expression of IDO1 and protein
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Table 1. Clinicopathological features of patients with PCNSL in the whole cohort, TMA cohort and according to high and low expression of PD-L1 on leukocytes
in the TMA cohort.

High PD-L1 on Low PD-L1 on
Whole leukocytes in the leukocytes in the
Variables cohort (n=174) TMA cohort (n =49) P-value* TMA cohort (n=28) TMA cohort (n=21) P-value**
Age in years 0.19%** 0.007***
Mean/median (range) 63.6/66.0 (17-95) 61.4/63.0 (31-79) 57.5/58.5 (31-78) 66.4/68.0 (47-79)
Follow-up in years - -
Median (range) 0.43 (0-14.14) 1.98 (0.05-10.16) 3.43 (0.15-10.16) 0.44 (0.05-8.25)
2-year 0S 34% 51% - 64% 33% -
5-year OS 25% 41% - 54% 24% -
Sex 0.47 0.17
Female 80 (46) 26 (53) 12 (43) 14 (67)
Male 94 (54) 23 (47) 16 (57) 7 (33)
MSKCC 0.70 0.21
>2 41 (24) 9 (18) 2(7) 7 (33)
<2 51 (29) 15 (31) 8 (29) 7 (33
Missing data 82 (47) 25 (51) 18 (64) 7 (33)
LDH 0.42 0.33
Elevated 31 (18) 11 (22) 4 (14) 7 (33)
Not elevated 31 (18) 6 (12) 4 (14) 2 (10)
Missing data 112 (64) 32 (65) 20 (71) 12 (57)
Treatment with 0.99 0.30
methotrexate
Yes 92 (53) 35 (71) 21 (75) 14 (67)
No 26 (15) 10 (20 4 6 (29)
Missing data 56 (32) 4 (8) 3(11) 1(5)
Non-GCBg‘*** 071 0.12
Yes 107 (61) 42 (86) 26 (93) 16 (76)
No 13 (7) 7 (14) 2(7) 5 (24)
Missing data 54 (31) 0 (0) 0 (0) 0 (0)
EBER in situ hybridization 0.76 0.10
Positive 8 (5) 4 (8) 4 (14) 0 (0)
Negative 40 (23) 26 (53) 11 (39) 15 (71)
Missing data 126 (72) 19 (39) 13 (46) 6 (29)
PD-L1 expression 0.99 0.01
on TC> 9%
Yes 26 (15) 17 (35) 14 (50) 3 (14)
No 44 (25) 31 (63) 13 (46) 18 (86)
Missing data 104 (60) (2 1(4) 0 (0)
PD-L1 expression on 0.62 -
leukocytes > 85%
Yes 45 (26) 28 (57) 28 (100) 0 (0)
No 26 (15) 21 (43) 0 (0) 21 (100)
Missing 103 (59) 0(0) 0(0) 0 (0
PD-L2 expression 0.99 0.25
on TC > 60%
Yes 4(2) 3 (6) 3(11) 0 (0)
No 60 (34) 40 (82) 22 (79) 18 (86)
Missing data 110 (63) 6 (12) 3(11) 3 (14)
PD-L2 expression on 0.75 0.01
leukocytes > 8%
Yes 36 (21) 22 (45) 18 (64) 4 (19)
No 28 (16) 21 (43) 7 (25) 14 (67)
Missing data 110 (63) 6 (12) 3(11) 3 (14)
PD-1 expression on TC 0.48 0.49
Yes 6 (3) 2 (4) 2(7) 0 (0)
No 66 (38) 45 (92) 24 (86) 21 (100)
Missing data 102 (59) 2 (4) 2(7) 0 (0)
PD-1 expression on 0.76 0.43
leukocytes > 2.5%
Yes 37 (21) 22 (45) 14 (50) 8 (38)
No 35 (20) 25 (51) 12 (43) 13 (62)
Missing data 102 (59) 2 (4) 2(7) 0 (0)
IDO1 expression 0.99 0.02
on leukocytes
Yes 20 (11) 13 (27) 11 (39) 2 (10)
No 55 (32) 34 (69) 15 (54) 19 (90)
Missing data 99 (57) 2 (4) 2(7) 0 (0)
Translocation of MYC 0.99 0.99
Yes 0(0) 0 (0) 0 (0) 0 (0)
No 72 (41) 44 (90) 24 (86) 20 (95)
Missing data 102 (59) 5(10) 4 (14) 1(5
Translocation of BCL2 0.99 0.99
Yes 1(1) 0 (0) 0 (0) 0 (0)
No 71 (41) 44 (90) 24 (86) 20 (95)
Missing data 102 (59) 5(10) 4 (14) 1(5)

(continued)
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High PD-L1 on Low PD-L1 on

Whole leukocytes in the leukocytes in the
Variables cohort (n=174) TMA cohort (n =49) P-value* TMA cohort (n =28) TMA cohort (n=21) P-value**
Translocation of BCL6 0.98 0.27
Yes 16 (9) 9 (18) 7 (25) 2 (10)
No 60 (34) 38 (78) 20 (71) 18 (86)
Missing data 98 (56) 24 1(4) 1(5)
High MYC 0.81 0.96
protein expression
Yes 46 (26) 23 (47) 14 (50) 9 (43)
No 43 (25) 25 (51) 14 (50) 11 (52)
Missing data 85 (49 1) 0 (0) 1(5)
High BCL2 0.71 0.99
protein expression
Yes 87 (50) 44 (90) 25 (89) 19 (90)
No 14 (8) 5(10) 3(11) 2 (10)
Missing data 73 (42) 0 (0) 0 (0) 0 (0)
High BCL6 0.97 0.99
protein expression
Yes 73 (42) (57) 16 (57) 12 (57)
No 46 (26) 19 (39) 10 (36) 9 (43)
Missing data 55 (32) (4) 2(7) 0 (0)
High MYC and BCL2 0.99 0.96
protein expression
Yes 43 (25) 23 (47) 14 (50) 9 (43)
No 48 (28) 25 (51) 14 (50) 11 (52)
Missing data 83 (48) 1(2) 0 (0) 1(5)

PCNSL: Primary Central Nervous System Lymphoma, MSKCC: Memorial Sloan-Kettering Cancer Center, LDH: Lactate Dehydrogenase, GCB: Germinal Center B-cell
Like, OS: Overall Survival, TMA: Tissue Microarray, TC: Tumor Cells, EBER: Epstein-Barr Virus Encoded RNA, PD-1: Programmed Death Receptor 1, PD-L1:

Programmed Death Ligand 1, IDO1: Indoleamine 2,3-dioxygenase.

*P-value: comparison between whole cohort and patients treated with curative intent and available tumor material, assessed by Chi-square or Fisher's

exact test.

**P-value: comparison between high and low PD-L1 on leukocytes, assessed by Chi-square or Fisher's exact test.

***P-value: assessed using Wilcoxon test.
*HE*According to the Hans algorithm.

Survival outcome according to expression of PD-L1 on leukocytes

6 8 10
Time (years)

Number at risk

1.001
E 0.75
2
=
2 0.501
o
&
*#1 p=0.028
0.00
0 2 4
LowPD-L1 21 7 3
28 17 1

3 1 0
4 1 1

Figure 1. Kaplan—-Meier curve for overall survival in patients with a high proportion of PD-L1 on leukocytes (n = 28) compared to patients with a low proportion of

PD-L1 on leukocytes (n=21).

expression of PD-L1 on leukocytes [14]. In the current study,
there was still a significant association between IDO1 and
PD-L1 protein expression on leukocytes; however, protein
expression of IDO1 on leukocytes still had no prognos-
tic impact.

The majority of our cases belong to the non-GCB subtype
according to the Hans algorithm, and there was no signifi-
cant difference in survival between the GCB- and the non-
GCB subtypes, which is consistent with previous studies

[4,5,22]. Protein expression of MYC, BCL2, and BCL6 was fre-
quent in our cohort, while the rate of rearrangement of their
corresponding genes was very low, except for the BCL6
gene, which was rearranged in contrast to MYC and BCL2
[23]. The lack of prognostic impact of single and/or double
protein expression of MYC, BCL2, BCL6 or translocation of
BCL6 in our study differs from previous studies. Villa et al
reported inferior survival among PCNSL patients with BCL6
rearrangement while protein expression of MYC and/or BCL2
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was not associated with survival [4]. Chen et al identified
protein expression of BCL2 as an adverse prognostic factor in
their PCNSL cohort [24]. Hatzl et al described that double
protein expression of MYC and BCL2 was associated with
inferior outcome in their PCNSL cohort [25]. However, a
meta-analysis of 31 different studies revealed contradictory
results regarding the prognostic impact of MYC, BCL2 and
BCL6 expression in PCNSL [6]. Like our study, most of the
previous studies were based on small cohorts. In addition,
most studies had different clinical treatments, and used dif-
ferent cutoff values to assess protein expression of MYC,
BCL2, and BCL6.

An important limitation in our cohort was that a substan-
tial proportion of the patients were excluded from the
immunophenotypic and molecular analyses due to insuffi-
cient biopsy samples. In addition, we excluded patients who
did not receive curative treatment despite available TMA
when assessing survival. In the TMA cohort, 78% of patients
treated with curative intent received MTX, which is due to
the long time period patients were diagnosed (1992-2019),
where patients treated in the earlier time period received
non-contemporary treatment regimens. In addition, our Cox
regression analyses should be interpreted cautiously, due to
the low number of cases with tumor material and treated
with curative intent (n=49), which limits the statistical
power of our study. Also, in the multivariable Cox regression
analysis four variables were included while only 34 events
occurred in the TMA cohort, which adds to the potential risk
of type Il error in the survival analyses. However, we consider
that our cohort was not significantly affected by selective
bias, since the clinical and immunophenotypic features were
similar in the TMA cohort compared to the whole cohort and
despite the numerically better survival in the TMA cohort
compared to the whole cohort which can be explained by
the higher frequency of patients treated with MTX within the
TMA cohort (Table 1) [14].

In conclusion, we identified a significant superior outcome
in a small cohort of PCNSL patients with high proportion of
PD-L1+ leukocytes. In addition, we explored a significant
association between the expression of PD-1 ligand, PD-L1
and IDO1 on leukocytes. These findings may indicate the
need of further investigations of larger cohorts to study the
role of the immune system in response to treatment of
PCNSL and to identify new prognostic markers in the era of
new trails of treatment with immunotherapies as PD-1 block-
ade and IDOT1 inhibitors.
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