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ABSTRACT
Background: Primary CNS lymphoma is a highly aggressive and rare type of extranodal non-Hodgkin
lymphoma. Although, new therapeutic approaches have led to improved survival, the management of
the disease poses a challenge, practice patterns vary across institutions and countries, and remain ill-
defined for vulnerable patient subgroups.
Material and Methods: Using information from the Austrian Brain Tumor Registry we followed a
population-based cohort of 189 patients newly diagnosed from 2005 to 2010 through various lines of
treatment until death or last follow-up (12-31-2016). Prognostic factors and treatment-related data
were integrated in a comprehensive survival analysis including conditional survival estimates.
Results: We find variable patterns of first-line treatment with increasing use of rituximab and high-
dose methotrexate (HDMTX)-based poly-chemotherapy after 2007, paralleled by an increase in median
overall survival restricted to patients aged below 70 years. In the entire cohort, 5-year overall survival
was 24.4% while 5-year conditional survival increased with every year postdiagnosis.
Conclusion: In conclusion, we show that the use of poly-chemotherapy and immunotherapy has dis-
seminated to community practice to a fair extent and survival has increased over time at least in
younger patients. Annually increasing conditional survival rates provide clinicians with an adequate
and encouraging prognostic measure.
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Introduction

Primary CNS lymphoma (PCNSL) is a highly aggressive and
rare type of extranodal non-Hodgkin lymphoma that is con-
fined to the brain, spinal cord, and their coverings without
evidence of systemic disease involvement. PCNSL represents
only 4% of all primary brain tumors [1] and shows – unlike
many other brain tumors – a favorable first response to
chemo- and radiotherapy, but compared with extra-cerebral
lymphomas survival is notably poor [2]. The prognosis for
patients that have failed first-line therapy remains particularly
dismal. Although, new therapeutic approaches have led to
prolonged survival [3–6], the multimodal treatment of the
disease still poses a challenge [7]. Experts agree on high-
dose methotrexate (HDMTX) as backbone of chemotherapeu-
tic protocols that frequently include other cytotoxic drugs
with or without rituximab immunotherapy and radiotherapy.
Important initiatives aim at harmonizing first-line treatment
[8], while practice patterns still vary across institutions and
countries, and remain ill-defined for subgroups of patients
such as elderly, immune-deficient, or relapsing patients.

Due to the rarity of PCNSL and complex patient manage-
ment, it remains unclear how much of the mounting treat-
ment evidence has disseminated in routine clinical practice.
So far, only single studies have documented patient care and
outcome in unselected patient populations [9–14]. Together
they provided evidence for continued poor outcome of the
majority of patients, varying treatment patterns between
younger and elderly patients, as well as frequent treatment-
related toxicities [1,11,12]. At the same time, they highlight a
fraction of roughly 20% of patients in whom a durable remis-
sion is achieved [1,13]. For those ‘chronic disease’ patients
conventional survival estimates do not adequately capture
their prognosis as it changes over time. In contrast, condi-
tional survival, which takes prior survival into account, offers
more dynamic and clinically informative estimates [15].
Conditional survival has previously been reported for malig-
nant brain tumors including PCNSL, but these analyses have
been limited to cancer registry data without detailed pheno-
typic annotation [16,17].

Within this study, we aimed at tracking a large popula-
tion-scale patient cohort with contemporary patient care and
extended follow-up. The cohort stands out by its rich clinical
annotation and allows for in-depth analysis of sensitive
patient cohorts, treatment-related toxicity data as well as
long-term survivors. The herein provided conditional survival
estimates aim at guiding doctors in patient counseling and
PCNSL survivors in their future planning.

Material and methods

Data source

We selected data from the population-based Austrian Brain
Tumor Registry (ABTR) that uses multiple sources for case
reporting including pathology records, clinical documenta-
tion and mortality statistics to warrant high disease coverage
(overall �1,500 incident brain tumor cases per year in a
population of � 8,7 Mio). We included data on 205 patients

aged �18 years, who were newly diagnosed with PCNSL
from January 2005 to December 2010 with a last follow-up
in December 2016. 16 patients were excluded upon chart
review due to prior or concomitant systemic disease or lack
of histologic confirmation. Detailed information on prognos-
tic factors, onset of symptoms, diagnostic scan, neurosurgery,
adjuvant treatment modality, and treatment response were
retrospectively abstracted from medical records using a
standardized case report form (Supporting Information
Table I). Relapse was defined as disease recurrence after an
initial response had been achieved. Gadolinium-enhanced
magnetic resonance images were not available for central
review. Date of death or last follow-up were provided by the
Austrian National Cancer Registry, Statistics Austria. The
study was approved by the Institutional Review Board of the
Medical University of Vienna (approval no 2091/2015).
Informed consent was obtained according to the Declaration
of Helsinki.

Variables

We stratified age at diagnosis in two categories, that is,
18–69 and 70þ and defined long-term survival as being alive
at 5 years after diagnosis. We defined major first line treat-
ment modalities as receipt of radiotherapy only (RT-only),
chemotherapy only (CT-only), or combined treatment (CT-
RT). In order to assess changes over time, we stratified
patients according to year of diagnosis in two 3-year diag-
nostic intervals (2005–2007, 2008–2010). Good clinical per-
formance was defined as Eastern Cooperative Oncology
Group (ECOG) scores 0–1, whereas ECOG scores 2–4 were
summarized as poor functional status. Caseload per hospital
was defined as low (1–9 patients), medium (10–19 patients),
and high (�20 patients) during the observational period and
centers were categorized into academic and community hos-
pitals. Please note that the Austrian health care system pro-
vides virtually complete social health insurance coverage
with publicly funded care for all residents irrespective of
income or ethnic background. Information on total number
of hospitals was obtained from ‘Gesundheit €Osterreich
GmbH’ available at www.spitalskompass.at and plotted on a
topographic map downloaded from Google Earth.

Statistical analyses

Statistical analyses were exploratory and descriptive in nature
and included the median (min–max) for continuous variables
and percentages for categorical variables. The nonparametric
Mann–Whitney U test was used to analyze continuous variables
and the v2- or Fisher’s exact tests were used to compare cat-
egorical variables. Time to relapse and overall survival (OS)
were calculated according to Kaplan–Meier estimates with two-
sided log-rank tests for univariate comparisons. Univariate ana-
lysis was used to identify predictors of survival and all variables
with either a p value <.25 or based on their clinical relevance
were selected for the multivariable Cox regression model. All p
values quoted are two-sided with a level of significance of .05.
The percentages of persons surviving one and five additional
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years after a period of 1, 2, 3, and 4 years postdiagnosis were
generated along with their 95% CI. Conditional survival rates
were generated overall as well as by age group, gender, clinical
performance, immune status, treatment modality, and diagnos-
tic interval using the condSURV R package [18]. Missing values
were excluded from the respective analysis. Statistical analyses
were conducted using SPSSVR v23, ExcelVR v14.6.1, and R v3.3.3
[19]. Data visualization was performed with R v3.3.3 and the
ggplot2-package [20] as well as with the python libraries mat-
plotlib [21] and lifelines [22].

Results

Basic demographic characteristics and decentralized
patient care

The entire cohort consisted of 189 patients with newly diag-
nosed, histologically confirmed PCNSL with a median follow-
up of 12 months (ranging from 0 to 136 months). Median
age at diagnosis was 66 years (range 23–84 years) with
50.3% being female and 39.7% being above age 70. The

cohort is introduced in Figure 1(A) and demographics
detailed in Table 1. Clinical and therapeutic information was
available for 164 patients (86.8%). Among those, 142 (86.6%)
patients received any tumor-directed therapy, 22 patients
(13.4%) best supportive care (BSC). Median time from onset
of symptoms to first MR scan was 18 days, while median
time from MR scan to surgery was 5 days in the active treat-
ment group versus 11.5 days in the BSC subgroup (p¼ .036).
Common presenting symptoms included cognitive impair-
ment (42.1%) and focal neurological deficits (40.2%).
Diagnostic delay, that is, time from onset of symptoms to
surgery, was shortest in patients with epileptic seizures
(median 13 days, range 3–127 days) and longest in those
with visual disturbances (median 65.5 days, range 8–272
days). Median time from surgery to start of adjuvant treat-
ment was 14 days (range 1–141 days).

When analyzing patient care at the national level, 23 cen-
ters (13.8% of all Austrian hospitals) were involved including
10 hospitals that provided integrated care, i.e., surgery plus
adjuvant therapy, while 11 centers performed surgery only
(Figure 1(B)). Thus, 26.2% of the patients were

Table 1. Demographic characteristics of the cohort and comparative survival analysis.

Short-term survival Long-term survival

Log-ranka

p Value
Total 0–12 months 12–60 months 60–100 months 100þ months

Variable N¼ 164 (100%) N¼ 82 (100%) N¼ 42 (100%) N¼ 24 (100%) N¼ 16 (100%)

Gender Female 86 (52.4) 42 (51.2) 23 (54.8) 14 (58.3) 7 (43.8) .773
Male 78 (47.6) 40 (48.8) 19 (45.2) 10 (41.7) 9 (56.3)

Age 18–69 years 104 (64.6) 38 (46.3) 30 (71.4) 21 (87.5) 15 (93.8) <.001��
70þ years 60 (36.6) 44 (53.7) 12 (28.6) 3 (12.5) 1 (6.3)

Performance ECOG 0-1 99 (68.8) 42 (58.3) 27 (73.0) 20 (87.0) 10 (83.3) <.001��
ECOG 2-4 45 (31.3) 30 (41.7) 10 (27.0) 3 (13.0) 2 (16.7)

Immune status Competent 150 (93.8) 73 (91.3) 38 (92.7) 24 (100.0) 25 (100.0) .006��
Deficient 10 (6.3) 7 (8.8) 3 (7.3) – –

Surgery Biopsy 122 (77.2) 58 (74.4) 32 (80.0) 17 (70.8) 15 (93.8) .233
Resection 36 (22.8) 20 (25.6) 8 (20.0) 7 (29.2) 1 (6.3%)

First-line CT-only 94 (57.3) 41 (50.0) 23 (54.8) 19 (79.2) 11 (68.8) <.001��
CT-RT 32 (19.5) 9 (11.0) 13 (31.0) 5 (20.8) 5 (31.3)
RT-only 16 (9.8) 12 (14.6) 4 (9.5) – –
BSC 22 (13.4) 20 (24.4) 2 (4.8) – –
HDMTX 98 (61.3) 40 (51.3) 25 (59.5) 21 (87.5) 12 (75.0) <.001��
Poly-CT 52 (41.3) 17 (34.0) 13 (36.1) 14 (58.3) 8 (50.0) .012�
Rituximab 27 (17.0) 10 (13.0) 6 (14.3) 8 (33.3) 3 (18.8) .031�

Second-line Any 28 (18.1) 1 (1.3) 18 (43.9) 4 (19.7) 5 (33.3) (.045�)
CT-only 15 (53.6) – 10 (55.6) 2(50.0) 3 (60.0) .569
CT-RT 9 (32.1) – 6 (33.3) 1 (25.0) 2 (40)
RT-only 4 (14.3) 1 (100.0) 2 (11.1) 1 (25.0) –

Third-line Any 6 (3.7) – 3 (7.1) – 3 (18.8) (.044�)
CT-only 3 (50.0) – 1 (33.3) – 2 (66.7)
CT-RT 1 (16.7) – – 1 (33.3)
RT-only 2 (33.3) – 2 (66.7) – –

Diagnostic period 2005–2007 71 (44.7) 38 (48.1) 23 (56.1) 2 (8.3) 8 (53.3) .031�
2008–2010 88 (55.3) 41 (51.9) 18 (43.9) 22 (91.7) 7 (46.7)

Hospital Community 95 (57.9) 52 (63.4) 20 (47.6) 14 (58.3) 9 (56.3) .645
Academic 69 (42.1) 30 (36.6) 22 (52.4) 10 (41.7) 7 (43.8)

Caseload Low 50 (30.5) 27 (33.3) 12 (28.6) 9 (36.0) 2 (12.5) .091
Medium 83 (50.6) 39 (48.1) 25 (59.5) 10 (40.0) 9 (56.3)
High 31 (18.9) 15 (18.5) 5 (11.9) 6 (24.0) 5 (31.3)

Diagnostic delay <30 days 90 (57.7) 45 (57.7) 25 (64.1) 12 (50.0) 8 (53.3) .331
>30 days 66 (42.3) 33 (42.3) 14 (35.9) 12 (50.0) 7 (46.7)

Integrated Care Yes 121 (73.8) 58 (70.8) 33 (78.6) 16 (66.7) 14 (87.5) .411
No 43 (26.2) 24 (29.3) 9 (21.4) 8 (33.3) 2 (12.5)

(.) Cave immortal time bias.
aGroup comparison based on categories per variable as defined in columns one and two. For HDMTX, Poly-CT and Rituximab,
patients who received the given modality were compared with CT-only patients who did not receive the respective modality.
CT-only: chemotherapy-only; CT-RT: induction chemotherapy followed by consolidation radiotherapy; RT-only: radiotherapy only;
BSC: best supportive care; HDMTX: high-dose methotrexate; Poly-CT: poly-chemotherapy.
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postoperatively referred to other hospitals. Secondary referral
did not significantly defer start of adjuvant treatment
(median 15 vs. 10 days, p¼ .217). Baseline patient perform-
ance and age did not differ between academic and commu-
nity hospitals (p¼ .717, p¼ .347) or between high- and low
caseload centers (p¼ .947, p¼ .532). More extensive tumor
resections were reported from all but one institution and
their prevalence remained stable over time.

Patterns of first-line treatment vary considerably

Next, we focused on first-line treatment (detailed in Table 1
and Figure 2(A)) and found increasing use of rituximab after

2007 (from 8.5% to 24.4%, p¼ .008) while RT-only use did
not decrease. Mean radiotherapy doses decreased from 44.0
to 40.0 Gy over time though this change was not significant
(p¼ .106). The patients’ baseline performance did impact
adjuvant treatment choice per se (p¼ .040) with more preva-
lent use of CT-only among patients with good clinical per-
formance and RT-only among patients with poor clinical
performance.

Chemotherapy-wise, fourteen different substances and
one targeted agent, that is, rituximab were in use. The most
commonly used substance was HDMTX (N¼ 98, 77.8%), fol-
lowed by cytarabine (N¼ 43, 34.1%), and rituximab (N¼ 27,
21.4%). The most common drug combination consisted of
HDMTX and cytarabine (N¼ 34, 27.0%). Of note, eight

Figure 1. Population-scale cohort and nationwide patient care. (A) Introduction to the cohort throughout the observation period including different lines of treat-
ment and vital status. (B) Decentralized patient care with a total of 23 hospitals involved in PCNSL care (depicted in red and orange) with only few centers that
offer surgery and adjuvant therapy (integrated care, white edge).
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patients received HDMTX plus cytarabine plus rituximab (as
proposed in the newer MATRix regimen [23]). The prevalence
of poly-CT use increased significantly over time (from 27.3%
to 52.2%, p¼ .005) including two- to four-drug combinations.
Overall, 34 patients received intrathecal MTX therapy and 5
patients ASCT as part of their consolidation treatment.
Likewise, radiotherapy doses ranged from 2.0 to 54.0 Gy
(median 40.0 Gy) being lower in elderly patients (median
30.0 Gy, p¼ .023). Eight patients received local radiotherapy
boosts with median doses of 10.0 Gy (range 6.0–20.0 Gy).
There was a nonsignificant tendency towards lower radio-
therapy doses when used as single treatment as compared
with consolidation RT (mean 30 vs. 40 Gy, p¼ .052).

Few patients receive active salvage treatment

Out of 142 patients who started first-line treatment, the
majority of patients (61.3%) died from refractory or relapsing
disease, while similarly smaller fractions (19.0% and 19.7%)
showed either a complete response or received active sal-
vage treatment (Figure 2). Time from first to second line
ranged from 6 to 57 months (median 21 months) and
patients who qualified for a second line of treatment were
considerably younger (58 vs. 66 years, p< .001). Again,
HDMTX, cytarabine and rituximab were the most commonly

used substances. Of note, 14/28 patients received a poly-CT
regimen followed by ASCT consolidation in two patients.
Radiotherapy doses ranged from 26.0 to 54.0 Gy (median
40.0 Gy) with a local boost of 14.0 Gy in a single patient. Two
patients received re-irradiation. After second line treatment
only six patients continued on a third line of treatment upon
re-relapse (Figure 2(B)). None of them was older than 70
years. Time from second to third line ranged from 3 to 73
months (median 11 months). Four out of six patients
received poly-CT – frequently including rituximab.

Treatment-related toxicities occur in roughly a third of
all patients

Fifty patients (35.2% overall) experienced treatment-related
adverse events (grades 1–5) with 31% being severe adverse
events that were most common among patients with CT-
only (38.3%) and combined CT-RT (34.4%), followed by RT-
only use (12.5%). Common toxicities comprised infectious/
inflammatory (30.0%), hematologic (22.0%), and neurologic
conditions (18.0%), as well as combinations thereof (22.0%).
Severe MTX-associated nephrotoxicity was noted in four
patients. Among patients receiving any type of chemother-
apy, toxicities were positively correlated with age (p¼ .011)
but were not significantly more prevalent among patients

Figure 2. Patterns of care in patients with PCNSL. (A) Decision tree following the cohort through various lines of treatment with CT-only being the most prevalent
first-line treatment. (B) Summarizes the total number of patients per line of treatment and vital status.
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with poly-CT use (N¼ 26 vs. 21, p¼ 0.549). A similar rate and
profile of treatment-related adverse events was noted during
second-line treatment (N¼ 10, 35.7%) with severe adverse
events in three patients. No secondary CNS infections follow-
ing systemic or intrathecal therapies were reported and late
neurotoxicity with white matter changes occurred in two
patients. Overall, grade 5 toxicity (toxic death) occurred in
three cases and included septic complications. Details on
drug-related toxicities are provided in Supporting
Information Table II.

Overall survival differs according to clinical
characteristics and diagnostic period

Median OS in the entire patient cohort was 10 months with
an estimated 5-year survival of 24.4% (95% CI 18.5–31.0;
Figure 3). Median OS was significantly higher among

younger patients (25 vs. 4 months, p< .001), as well as those
with good clinical performance (22 vs. 4 months, p< .001)
and immune-competent status (12 vs. 2 months, p¼ .002).
Choice of surgical modality (biopsy vs. resection) was not
associated with differential survival (p¼ .233). Interestingly,
neither diagnostic delay nor delayed start of adjuvant treat-
ment of more than 30 days did significantly alter median OS

Figure 3. Population-based survival from PCNSL. (A–I) Survival estimates according to Kaplan-Meier for selected clinical parameters (A–C), treatment modalities (D,
E), according to hospital caseload (F), as well as for diagnostic intervals (G–I).

Table 2. Multivariable survival model.

Variable Hazard ratio 95 % CI p

Age at diagnosisa 1.048 1.028–1.069 <.001
ECOG scoreb 1.343 1.126–1.602 .001
HDMTX-based CT versus no

HDMTX-containing therapy
0.608 0.403–0.915 .017

Immunodeficiency 2.447 1.134–5.279 .023
aPer 1-year increase, bPer 1-point increase (ECOG 1-4).
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(p¼ .331, p¼ .387) and the same was true for referral to a
secondary hospital for adjuvant treatment (p¼ .411). When
stratified according to first-line treatment, median OS was
superior in patients receiving CT-containing treatment (20
months) whereas RT-only and BSC yielded similarly poor out-
comes (2 months and 1 month, p< .001). The use of poly-CT
was associated with enhanced survival (39 months, p¼ .012).
Likewise, active second-line treatment after relapse was asso-
ciated with beneficial survival (p¼ .045). There was neither a
significant survival difference between academic and com-
munity centers (p¼ .645) nor between high- and low-case-
load centers (p¼ .307, Figure 3(F)). Instead, we found
significantly improved survival in the more recent period
from 2008 onwards (p¼ .031). However, this increase in sur-
vival was restricted to younger patients (p¼ .017), whereas
no improvement was observed among elderly patients
(p¼ .799, Figure 3(G–I)).

After adjustment for confounding factors, receipt of
HDMTX-based CT, immune-competent status, younger age,
and good performance were independently associated with
improved OS (Table 2).

Treatment patterns differ considerably in vulnerable
patient groups

When focusing on vulnerable patient cohorts we identified a
total of 10 patients with immune-deficiency (one patient due
to HIV, nine patients due to prior receipt of organ trans-
plants, median age 54 years, range 33–79 years). Eight
patients received active tumor-directed treatment (4x CT-
only, 2x CT-RT, 2x RT-only). In the HIV-related patient HDMTX
and rituximab were initiated but he died soon thereafter
without receipt of cART (unknown HIV load and CD4þ cell
count). All but one transplant-related patients were treated
at high- and medium-caseload hospitals. Overall, the small
number of immune-deficient patients limited further com-
parative analyses.

In contrast, patterns of care differed significantly between
younger and elderly patients with a higher prevalence of RT-
only use (p¼ .001) and less common use of combined CT-RT
(p¼ .036) in the elderly. Both the prevalence of HDMTX-
based regimens was lower (p¼ .048) and poly-CT was less
likely administered (p¼ .001) with only exceptional patients
receiving more than two drugs. While 80% of elderly patients
with poor clinical performance received anti-tumor directed
therapy, eight patients with reportedly good performance
did not. Interestingly, in elderly patients median OS did not
differ significantly according to first-line treatment modality
(p¼ .307) with a minor tendency to improved outcome for
combined CT-RT (median OS 16 months). Significantly fewer
elderly patients qualified for salvage treatment upon relapse
(p¼ .018) and no poly-CTs were reported.

Predictors of long-term survival

Next, we focused on long-term survivors. For a detailed com-
parative analysis of long- versus short-time survivors see
Table 1. In brief, a total of 40 patients (24.4%) were found

alive at 5 years after diagnosis. Those patients were signifi-
cantly younger, had a better baseline performance, and com-
petent immune status. In terms of treatment, they were
more likely to receive CT-containing therapy with 75.0%
receiving CT-only upfront. In particular the use of HDMTX
(p¼ .001) and poly-CT (p¼ .033) was associated with long-
term survival. Overall, long-term survivors were less likely to
suffer from treatment-related toxicity (p¼ .016) but equally
likely to experience early relapse, that is, within 12 months
from diagnosis (p¼ .601). Three long-term survivors were
encountered even upon re-relapse. In the entire cohort,
relapses became rare after 3 years from diagnosis. We
observed a significantly higher fraction of long-term survivors
after 2007 (p¼ .006).

Conditional survival increases with increasing years
postdiagnosis

Finally, we calculated 1- and 5-year conditional survival for
patients who had already survived 1–4 years postdiagnosis
(Table 3). The probability of surviving one additional year
increased modestly over time showing the most pronounced
step between years 1 and 2 (from 80.0% to 86.1%) leveling
off soon thereafter. Increases were seen irrespective of
patient age, gender, or clinical performance. In contrast, 5-
year conditional survival rates showed a more pronounced
and steady increase over time ranging from 47.8% (95% CI
37.4–58.1) at 1 year to 70.8% (95% CI 57.8–82.9) at 4 years
postdiagnosis. After 3 years 5-year conditional survival esti-
mates were well over 50% for the entire cohort.

Discussion

In this large observational study, we describe patterns of
care and outcome in an unselected population of patients
with PCNSL, a prototypic example for an ultra-rare and diffi-
cult-to-treat type of cancer. Due to the absolute rarity of the
disease evidence-based treatment has been largely based on
nonrandomized or smaller phase II trials, whereas only a sin-
gle phase III trial has been conducted, so far [24]. However,
as a large proportion of patients with PCNSL are above age
70, trial participants are not fully representative of the unse-
lected patient population. The present study is one of the
few to evaluate PCNSL therapy and outcome in a large unse-
lected patient population. Our nationwide data provide
insights into how the evolving treatment guidelines have
translated into community practice and uncover previously
unappreciated associations and disparities.

Most previous studies in unselected patient populations
were based on cancer registry data with no or limited thera-
peutic information [1,10,14,25,26]. They reported almost
identical cornerstones with consistently poor median overall
survival of roughly 11 months. Only a single population-
based study reported longer survival of 18 months in
patients diagnosed after 2000 [2]. Even fewer patterns of
care studies have documented real-life patient management
over the last decades at the population level [9,11,27,28].
Together they suggested a gradual increase in HDMTX-
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containing CT as treatment of choice, which is confirmed by
our data. In fact, we found fair dissemination of treatment
recommendations [8] to community practice including
increasing use of poly CT and rituximab. At the same time,
we document a non-negligible fraction of patients in whom
undertreatment seems a concern. In line with previous
reports [12] this was especially true for a fraction of elderly
patients who were less likely to receive chemotherapy des-
pite adequate clinical performance. Whether this reflects
responsible patients’ refusal, obsolete treatment practices, or
errors in clinical documentation remains unclear. However,
those patients who tolerated intense treatment achieved
similar outcomes as compared with a recent multicenter
study [29]. Alerting though, only very few patients above
age 70 years qualified for active second-line treatment and
not a single patient received a third line. Of note, we did not
observe a significant difference in survival between RT only
and BSC in contrast to single other series [11], which might,
however, be due to the low sample size of the subgroups.

The systematic documentation of real-life patterns across
second and third lines of treatment constitutes a major
strength of our approach. So far, the probably largest and
most detailed analysis of salvage therapy has come from the
French LOC network [30]. Therein, the authors found poor
overall survival for refractory/relapsed patients with many
patients not receiving active salvage therapy upon relapse,
and the relatively longest survival for those treated with
induction CT and ASCT [30]. While we similarly found receipt
of active salvage therapy the major bottleneck, our cohort
differs from the French one in several aspects. First, we
found a significantly higher proportion of refractory/relapsed
patients (81.0 vs. 45.5%), which is, however, in line with pre-
vious studies with similarly extended follow-up times [31,32].
Second, in the Austrian cohort consolidation consisted
mostly of whole-brain RT while the use of ASCT was much
less prevalent, which is most likely due to a previous diag-
nostic period, that is, before 2010. Thus, it will be of special
interest to prospectively follow the changing use of ASCT in
light of newer trial results that advocate its safety and effi-
ciency [3,33,34]. The same will be true for newer treatment
approaches including PD-1 blockade [35]. Of interest, temo-
zolomide, which is the drug of choice for many primary brain
tumors such as glioma and which is being increasingly rec-
ognized also for the treatment of PCNSL [36], was rarely
used in our patient population.

Despite treatment-associated toxicities being retrospect-
ively assessed with inherent potential bias, we noted toxic-
ities in roughly a third of all patients, which is comparable to
clinical trial data (26–58%) [4,6,23,34,37–39] with similar side
effect profiles in the unselected population. In line with
those data, predictors of toxicity included HDMTX and older
age. Of note, late neurotoxicity was reported in only few
patients but longitudinal MR imaging data were not available
to objectively assess white matter changes. In addition to
common treatment-related toxicities we identified a relatively
large proportion of patients who did not qualify for tumor-
directed therapy upfront and this fraction seemed consider-
ably higher as compared with an unselected cohort ofTa
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patients with glioblastoma (13.4 vs. 7.0%) in the same under-
lying population [40]. Regarding immune-deficient patients
our data contrast a recent report from the US [26] by indicat-
ing that transplant-related cases have already outnumbered
HIV-related ones and meanwhile constitute the leading cause
of immune deficiency-related PCNSL burden.

Another major strength of our approach is the extended
patient follow-up ranging until 13 years postdiagnosis that
allowed us to focus on long-term survivors. In line with
recent studies, our multivariable model found age, perform-
ance, immune status, and HDMTX as independent predictors
of survival [41]. Importantly, we further confirm a several
months’ increase in survival over time as observed by recent
studies [9,10,26], which however seems restricted to younger
patients [2,42]. In light of the encouraging proportion of
patients in whom a durable remission is achieved, we calcu-
lated conditional survival estimates. In contrast to overall sur-
vival statistics, these provide more practical and useful
information for cancer survivors, particularly in cancers with
low 1-year overall survival such as PCNSL. Thereby we found
that the longer patients survive, the higher the chances of
surviving further years with variations according to age, clin-
ical performance, treatment, immune status, extent of sur-
gery, and diagnostic period.

Ultimately, we found PCNSL patient care being highly
decentralized across scattered academic and community cen-
ters of variable caseload. Interestingly and in contrast to
recent US data [9], when tackling eventual disparities we did
not observe a significant difference in patient outcome
across academic and community centers. However, we did
see a tendency towards enhanced survival in high caseload
centers (albeit not reaching statistical significance), which
might reflect differences in expertise when treating this rare
malignancy. Thus, further centralization of care in high case-
load centers with adequate resources may be warranted.

The present study has limitations. First, clinical data were
retrospectively abstracted from medical records. In order to
address the inherent problem of missing values, we designed
a specific case report form aiming at more standardized data
reporting. Still, our experience with cross-sectional, popula-
tion-scale data suggests that documentation in real-life
patients is less detailed and standardized as compared with
those in clinical trials (missing values in 13.2% of cases).
Among parameters of limited availability were date and
method of response assessment such that we were not able
to differentiate between complete and partial responses.
Moreover, pertinent data on MR imaging, progression-free
survival, patients’ quality of life, major comorbidities and
other medications, as well as neuropsychological function in
particular of long-term survivors were not available for this
study. However, such data are urgently needed and future
approaches will benefit from including them in their out-
come measures. Similarly, despite being one of the larger
PCNSL cohorts to date, subgroup-specific analyses were lim-
ited by sample size constraints.

In conclusion, we present a large population-based cohort
of PCNSL patients with detailed phenotypic annotation and
extended follow-up. We find that the use of HDMTX-based

poly-CT and rituximab has disseminated to community prac-
tice to a fair extent but undertreatment remains a concern
especially in a fraction of elderly patients, and frequent treat-
ment-related toxicities further complicate the picture.
Nevertheless, survival from PCNSL has improved at the popu-
lation-level over time – a finding that is restricted to patients
below 70 years of age. Conditional survival estimates
increase with every year postdiagnosis and provide clinicians
and PCNSL survivors with a more adequate and encouraging
prognostic measure during their follow-up.
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