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1 INTRODUCTION

Primary central nervous system lymphoma (PCNSL) is a type of extran-

odal non-Hodgkin lymphoma (NHL) involving the brain, leptomeninges,

eyes, spinal cord, and/or cerebrospinal fluid (CSF) [1]. Importantly, a

diagnosis of PCNSL canonly bemade if there is no evidence of systemic

NHL. PCNSL is a rare disease with a yearly incidence of 0.3 cases per

100,000 [2].

Despite improvements in treatment over the past two decades,

many patients still have poor outcomes. Patients with human immun-

odeficiency virus (HIV) PCNSL have been shown to have particu-

larly poor outcomes, although the reason for this is not well under-

stood [3]. Most clinical trials in PCNSL exclude this population and

retrospective studies assessing the management of HIV PCNSL are

scarce.

In our study, we aimed to report the real-world survival of PCNSL

at three large academic US centers, including thosewho received high-

dose methotrexate (HD-MTX) versus those who did not. We also com-
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pared the survival of HIV PCNSL relative to non-HIV PCNSL and eval-

uated factors that may account for differences in clinical outcomes

among various subgroups.

2 METHODS

Themedical records were queried for patients≥ 18 years of age newly

diagnosedwith PCNSL at 3 academicUSmedical centers (University of

North Carolina Medical Center, Vanderbilt University Medical Center,

Emory University Hospital). The dates of diagnosis occurred between

January 2004 and July 2020. Inclusion criteria included only the dif-

fuse large B-cell lymphoma (DLBCL) histology. Cases were excluded

if there was any disease outside of the central nervous system (CNS)

or if they previously had systemic DLBCL. Demographic information

was collected from themedical record, as well as disease-related infor-

mation, HIV status, HD-MTX treatment (defined as ≥ 3 g/m2) with

or without other chemotherapeutic agents, imaging to determine pro-

gression, and survival data. Data were analyzed for the entire cohort

and separately for HIV and non-HIV groups. Demographic variables
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TABLE 1 Patient characteristics of a PCNSL cohort by HIV status

Total HIV Non-HIV p-value*

Age (median/range) 59 (18–84) 40 (20–59) 61 (18–84) <0.0001*

Gender Male: 87 (55%)

Female: 71 (45%)

Male: 17 (65%)

Female: 9 (35%)

Male: 70 (53%)

Female: 62 (47%)

0.30

PS≥ 2 49/153 (32%) 15/26 (57.7%) 34/127 (26.8%) 0.005*

Deep Structure** 85/158 (53.8%) 16/26 (59.3%) 69/132 (52.6%) 0.50

Elevated CSF Protein 65/108 (60.2%) 17/24 (70.8%) 48/84 (57.1%) 0.20

LDH elevated 60/140 (42.9%) 13/25 (52%) 47/115 (40.9%) 0.40

FrontlineMTX 125/158 (79.1%) 14/26 (53.8%) 111/132 (84%) 0.001*

Frontline XRT# 14/158 (8.9%) 5/26 (19.2%) 9/132 (6.8%) 0.06

*Statistically significant by Fisher’s exact test orWilcoxon rank-sum test; HIV versus non-HIV.
**Periventricular, basal ganglia, brainstem, cerebellum.
#Consolidation XRTwas excluded.

PCNSL: Primary central nervous system lymphoma; HIV: human immundeficiency virus; PS: Performance status; CSF: cerebrospinal fluid; MTX: methotrex-

ate, XRT: radiation therapy.

were summarized using appropriate statistics (frequencies, mean and

standard deviation) and compared between HIV and non-HIV patients

using Fisher’s exact tests orWilcoxon rank-sum tests. Progression-free

survival (PFS) and overall survival (OS) rates were compared between

HIVandnon-HIVpatients using log-rank tests.Wealso conductedmul-

tivariate analyses onPFSandOSusingCoxproportional hazard regres-

sionmodel. This studywas approved by the Institutional ReviewBoard

of each participating site and is in accordance with the Declaration of

Helsinki.

3 RESULTS

3.1 PCNSL cohort

We identified 158 cases of PCNSL (Table 1). The median age for the

entire cohort was 59 and 55% identified as male. We evaluated for

high-risk features including performance status (PS) ≥ 2 (32%), deep

structure involvement (53.8%), positive CSF protein (60.2%), and ele-

vated lactate dehydrogenase (LDH) (42.9%). Additionally, 79.1% of

patients received frontline HD-MTX and 8.9% received frontline radi-

ation therapy (not including consolidation). Frontline chemotherapy

regimens were: HD-MTX alone (43.2%), MPV (methotrexate, procar-

bazine, and vincristine; 34.4%), MT (methotrexate and temozolomide;

8.8%), HD-MTX/cytarabine (7.2%), and other regimens (6.4%). Nine of

151 evaluable patients received autologous stem cell transplant con-

solidation after frontline therapy

One hundred fifty-seven of 158 cases were evaluable for survival.

The median PFS for the entire cohort was 1.18 years and the median

OS was 3.24 years. Patients who received HD-MTX had a significant

improvement in PFS (1.69 years vs. 0.25 years; p = 0.0014) and OS

(4.01 years vs. 1.05 years; p= 0.00067) compared to thosewho did not

receive HD-MTX.

3.2 HIV versus non-HIV PCNSL

Twenty-six of the 157 cases were HIV positive (Table 1). Patients

with HIV PCNSL were significantly younger than those with non-

HIV PCNSL (40 years vs. 61 years, p = < 0.0001) and had a worse

performance status (PS ≥ 2: 57.7% vs. 26.8%, p = 0.005). Notably,

patients with HIV were less likely to receive HD-MTX compared

to patients without HIV (53.8% vs. 84%, p = 0.001). Patients who

received HD-MTX were also older (58 years vs. 51 years, p < 0.05)

and had an improved PS (ECOG 1.1 vs. 1.8, p < 0.05). The frequency

of receiving frontline whole-brain radiation therapy (WBRT) trended

towards significance in favor of the HIV PCNSL group. Other fac-

tors such as gender, deep structure involvement, elevated CSF pro-

tein, and elevated LDH were not significantly different between the

groups.

When HIV PCNSL was compared to non-HIV PCNSL, there was not

a statistically significant difference in PFS (0.30 years vs. 1.34 years;

p= 0.32), but there was a statistically significant difference inOS (0.30

years vs. 3.73 years; p=0.0021) (Figure1).When comparing only those

patients who received HD-MTX in the HIV group vs. non-HIV group,

there was not a statistically significant difference in PFS (3.39 years vs.

1.66 years; p= 0.46) or OS (3.6 years vs. 4.0 years; p= 0.42) (Figure 1).

3.3 Multivariate analysis

In amultivariate analysis (MVA),we evaluated the impact of each of the

following variables on PFS and OS: PS, age, HIV status, and treatment

with HD-MTX. Increasing age correlated with a higher risk of progres-

sion (HR = 1.02, p = 0.01; 2% risk/year), and treatment with HD-MTX

resulted in a decreased risk of progression (HR = 0.50, p = 0.003). PS

and HIV status did not have a significant impact on PFS. In terms of

OS, each of the following factors had a statistically significant impact:
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F IGURE 1 HIV PCNSL versus non-HIV PCNSL (whole cohort): Progression free survival (A) and overall survival (B). HIV PNCSL versus
non-HIV PCNSL (HD-MTX): Progression free survival (C) and overall survival (D). HIV: Human immunodeficiency virus; PCNSL: Primary central
nervous system lymphoma; HD-MTX: high-dosemethotrexate

increasing age (HR=1.03,p=0.001; 3%risk/year), treatmentwithHD-

MTX (HR= 0. 46, p= 0.003), and HIV status (HR= 3.16, p= 0.001). PS

did not have a significant impact onOS.

3.4 HIV subset analysis

In a subset of HIV PCNSL patients at the University of North Car-

olina (N = 19), 63.2% of patients had a CD4 count <50 at diag-

nosis of PCNSL. Additionally, 42% had newly diagnosed HIV at the

time of PCNSL presentation, while only 36.8% had been on ART for

≥3 months prior to PCNSL diagnosis. These variables were also com-

pared according to HD-MTX status. Those who received HD-MTX

(N = 10) did not have a statistically significant difference in any

HIV-related factors compared to those who did not receive HD-MTX

(N= 9).

4 DISCUSSION

In one of the largest real-world analyses of PCNSL to date, we found

a median PFS of 1.18 years and a median OS of 3.24 years in patients

with previously untreated PCNSL, including HIV PCNSL. As expected

with real-world data, survival rateswere lower compared to a prospec-

tive trial evaluating a HD-MTX induction regimen followed by WBRT

consolidation, which had a median PFS of 3.3 years and median OS

of 6.6 years [4]. Studies evaluating a HD-MTX induction regimen with

autologous stem cell transplant consolidation have shown 2-year

survival rates of approximately 80% [5, 6]. In each of these studies,

the median age (57-60 years) was similar to our cohort (59 years). Our

study had nearly a third of patients with a PS ≥ 2, included patients

with HIV, and included those who did not receive HD-MTX. These

patient factors are important to consider when reviewing real-world

data.

To evaluate this further, we compared patients who were able

to receive treatment with HD-MTX with those who were not. As

expected, those who received HD-MTX had significantly improved

PFS and OS. This was further supported by the MVA, which showed

that treatment with HD-MTX was associated with improved PFS and

OS independent of age, PS or HIV status. This lends further support

to HD-MTX-based regimens as the standard frontline treatment for

PCNSL, and most patients should be offered HD-MTX-based induc-

tion. However, there is likely selection bias in this non-randomized

study that could contribute to these findings. Not all patients are
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candidates for HD-MTX due to severe renal failure or other comorbid

conditions, and they may have worse survival due to these fac-

tors. Further research is needed to identify alternatives for these

patients.

HIV PCNSL has been evaluated in several retrospective, and few

prospective, studies [3, 7–10]. In our analysis, only 16.6% of PCNSL

cases were HIV positive. We found that HIV PCNSL had a signifi-

cantly worse OS compared to non-HIV PCNSL. Interestingly, the dif-

ference in PFS between these groups was not significantly different.

In the HIV PCNSL group, the median PFS and OS were both 0.3 years,

while the PFS was 1.34 years and the OS was 3.73 years in the non-

HIV PCNSL group. Of the patients with a documented cause of death,

the majority were from PCNSL. This suggests that HIV PCNSL does

poorly in the frontline setting and has virtually no effective salvage

options. Alternatively, non-HIV PCNSL appears to have more options

at relapse, which could account for the improved OS relative to HIV

PCNSL.

In order to further evaluate the reasons for the discrepancy

between HIV and non-HIV PCNSL survival, we compared only those

patients who received frontline HD-MTX. This revealed that in those

receiving HD-MTX, the discrepancy in OS between HIV and non-HIV

PCNSL was no longer statistically significant. This was likely driven by

the improvement in OS from 0.3 years to 3.6 years in the HIV PCNSL

patients who received HD-MTX. Therefore, it seems that at least part

of thedifference in survival is being drivenby the lower useofHD-MTX

in certain HIV PCNSL patients. When we compared patient and dis-

ease factors betweenHIV and non-HIV PCNSL patients, we found that

a PS ≥ 2 was significantly more common in the HIV PCNSL group. This

could account for someof the reasonwhy thesepatientsdidnot receive

HD-MTX. The HIV PCNSL cohort was significantly younger than the

non-HIVPCNSLgroup, soolder agewasnot a factor in this discrepancy.

Despite the potential impact of these contributing factors, the MVA

revealed that HIV status is associated with worse OS independent of

HD-MTX, age, or PS. Age and HD-MTX were also independently asso-

ciated with worse OS. The fact that HIV PCNSL patients had worse PS

and received HD-MTX at lower rates likely compounded the abysmal

survival in this group.

5 CONCLUSION

In this large retrospective analysis of PCNSL, we have shown that real-

world survival is poor compared to clinical trial results. Additionally,

HIV PCNSL has worse OS than non-HIV PCNSL. This difference was

not seen when evaluating only patients who have received HD-MTX.

HIV PCNSL patients received HD-MTX at lower rates, likely due to

worsebaselinePS. TheMVAshowed thatHIV status, age, and receiving

HD-MTX all independently contributed to survival outcomes, withHIV

status having the largest magnitude effect. Every patient with PCNSL

should be considered for treatment with HD-MTX regardless of HIV

status, and new treatment approaches for relapsed HIV PCNSL need

to be evaluated.
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