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Kurzreferat

Primare ZNS-Lymphome (PCNSL) sind seltene Lymphome mit schlechter Prognose.
Dennoch zeigen kirzlich publizierte Studien ermutigende Ergebnisse mit
verbesserten Uberlebensraten. Es ist jedoch unklar, ob diese Ergebnisse auf die
klinische Routine Ubertragbar sind. Diese retrospektive monozentrische Studie wurde
durchgefiihrt, um Patientencharakteristika und den klinischen Verlauf von Patienten,
die innerhalb der multizentrischen German PCNSL Study Group 1-Studie (TRIAL)
und aul3erhalb dieser Studie (R-LIFE) behandelt wurden, zu vergleichen. Insgesamt
wurden 93 Patienten mit neu diagnostiziertem PCNSL von November 2000 bis
November 2016 ausgewertet. Zwanzig Patienten befanden sich in der TRIAL-Gruppe
und 73 in der R-LIFE-Gruppe. Die TRIAL-Patienten waren jinger (medianes Alter 62
Jahre vs. 70 Jahre; p=0,003), hatten einen besseren Allgemeinstatus (ECOG score
0-1: 80.0% vs. 38,4%; p=0,002; medianer Karnofsky-Index: 80% vs. 70%; p=0,003)
und waren weniger Hochrisiko-Patienten entsprechend der drei bekannten PCNSL-
Prognosesysteme. Das mediane Gesamtiberleben war in der TRIAL-Gruppe langer
als im Vergleich zur R-LIFE-Gruppe (33,8 Monate [95% Konfidenzintervall {95%CI}
17,6-50,0] vs. 9,5 Monate [95%CI 3,3-15,7]; p=0,18). In der TRIAL-Gruppe war das
progressionsfreie Uberleben ebenso besser (25,1 Monate [95%Cl 4,7-45,5] vs. 3,7
Monate [95%CI 2,7-4,7]; p=0,13). Die Ergebnisse zeigen, dass ein verbessertes
Uberleben auf jlingere und fittere“ Patienten begrenzt ist, die in kontrollierten

Studien Uberreprasentiert sind.

Schlusselworter: priméres ZNS-Lymphom, klinische Routine, klinische kontrollierte

Studie, Therapie, Uberleben
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Abstract

Primary central nervous system lymphomas (PCNSL) are rare lymphomas with poor
prognosis. Yet, recently published studies showed encouraging results with improved
survival rates. It is unknown whether these results from controlled trials are
applicable to real life settings. This retrospective single-center study was conducted
in order to compare the characteristics and clinical outcome of patients treated within
the multi-center German Primary CNS Lymphoma Study Group 1 trial (TRIAL) and
patients treated outside this trial (R-LIFE). Altogether, 93 consecutive patients with
newly diagnosed PCNSL were reported between November 2000 and November
2016 (median age 68 years). Twenty patients were in the TRIAL group and 73
patients in the R-LIFE group. The TRIAL patients were younger (median age 62
years vs. 70 years; p=0.003), had a better performance status (ECOG score: 0-1:
80.0% vs. 38.4%; p=0.002; median Karnofsky index: 80% vs. 70.0%; p=0.003), were
less high-risk patients according to all three available PCNSL prognostic scores.
Median overall survival in TRIAL group was longer as compared to the R-LIFE group
(33.8 months [95% confidence interval {95%CI} 17.6-50.0] vs. 9.5 months [95%CI
3.3-15.7]; p=0.18). The TRIAL group also reported better progression-free survival
(25.1 months [95%CI 4.7-45.5] vs. 3.7 months [95%CI 2.7-4.7]; p=0.13). These data
indicate, that improved survival is limited to young and fit patients, which are usually

overrepresented in controlled trials.

Keywords: primary CNS lymphoma, real life, controlled trial, treatment, survival
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1 Introduction
1.1 Definition, epidemiology and etiology

Central nervous system (CNS) lymphoma is a rare form of non-Hodgkin Lymphoma
(NHL) originating in the brain, leptomeninges, spinal cord or intraocular localization of
the eyes. The term primary CNS lymphoma (PCNSL) is restricted to CNS lymphoma
confined solely to CNS involvement, whereas in a case of secondary CNS
Lymphoma (SCNSL) there is concomitant systemic and CNS localization of
lymphoma [Villano et al. 2011].

PCNSL account approximately 4-6% of all extra-nodal NHL and 1-3% of all newly
diagnosed CNS tumors [Villano et al. 2011, Dolecek et al. 2012]. It is a rare disease,
a so-called ultra-orphan disease, with an overall incidence of 0.47 per 100,000
persons per year [Villano et al. 2011]. The reported prevalence of PCNSL in Norway
was only 10 cases per year [Haldorsen et al. 2004]. In the USA, about 450 cases of
newly diagnosed PCNSL are registered annually [Shiels et al. 2016]. PCNSL affects
predominantly older patients, aged 60 years or older. Approximately 50% of all
patients are 60 years or older. PCNSL incidence increases with the age, achieving
highest rates at above 75 years with an incidence rate 1.9 per 100,000 persons per
year [Villano et al. 2011]. The incidence rate of PCNSL according to age is shown in
Figure 1. In males, a higher incidence as compared to females is reported (0.55 vs.
0.39 per 100,000 person-years) [Villano et al. 2011].
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Figure 1. Incidence rates for PCNSL age group; Surveillance, Epidemiology, and
End Results Program (SEER) 17 registries research data, 2000-2008 [Villano et al.
2011].
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The etiology of PCNSL is still unknown. Established risk factors include acquired
and/or congenital immunodeficiency conditions. PCNSL is an acquired
immunodeficiency syndrome-defining illness associated with low CD4 cell count (<50
cell x10°/L) and Epstein-Barr virus (EBV) infection. Previously it was reported in 1.6%
to 9.0% of patients with human immunodeficiency virus (HIV), yet the introduction of
highly active antiretroviral therapy has resulted in decline of the frequency of HIV-
associated PCNSL [Shiels et al. 2011]. Post-transplant lymphoproliferative disorders
involving CNS develop in 1-2% of renal transplant recipients and in 2-7% recipients
of heart, lung and liver transplants [Schabet 1999]. CNS post-transplant
lymphoproliferative disorders are strongly associated with EBV in the setting of
iatrogenic T-cell immunodeficiency induced by agents such as mycophenolate mofetil
[Schabet 1999]. Interestingly, in immunocompetent patients with PCNSL, EBV

infection is rarely detected, implying different pathogenesis [Schabet 1999].

1.2 Histology and pathogenesis

The majority of PCNSL (90-95%) are histologically classified as diffuse large B-cell
lymphomas (DLBCL). The remaining cases are poorly characterized low-grade
lymphomas (marginal zone B-cell lymphoma, small lymphocytic B-cell lymphoma),
lymphoblastic lymphoma, Burkitt lymphoma and T-cell lymphomas [Ferreri et al.
2009, Shiels et al. 2016]. Although PCNSL is per se defined as NHL, two cases of
Hodgkin-PCNSL were also reported in literature [Gerstner et al. 2008].
Subclassification of diffuse large B-cell PCNSL as activated B-cell type or germinal B-
cell type, analogous to nodal DLBCL, is difficult to apply, due to overlapping features
of activated B-cell type and germinal B-cell type. Unlike nodal DLBCL, PCNSL show
an activated B-cell immunophenotype, with almost universal expression of MUM-1
(>90% of cases). MUM-1 is a lymphocyte-specific member of the interferon
regulatory factor family of transcription factors, which plays a crucial role in cell
proliferation, differentiation and survival. It is expressed in final step of intragerminal
and in post-germinal (late centrocyte) center B-cell differentiation [Yanai et al. 2012].
On the other hand, gene expression profiling implies ongoing germinal center
exposure [Philips et al. 2014].

Furthermore, PCNSL show high expression of the well-known B-cell lymphoma

markers BCL-2, BCL-6, and MYC [Philips et al. 2014]. This aggressive biologic
9



Comparison of clinical outcome in primary CNS lymphoma patients treated inside and outside of a clinical trial

pattern was speculated to underlie the adverse prognosis of PCNSL. Within the
CALGB 50202 study the prognostic relevance of BCL-6 and MYC expression was
investigated. BCL-6, but not MYC, was shown to correlate with inferior outcome
[Rubenstein et al. 2013a]. On the other hand, some retrospective analyses found that
BCL-6 overexpression correlated with superior outcomes [Levy et al. 2008]. Possible
explanations for these conflicting findings are heterogeneous treatment approaches,
sample size, and variable methodologies or cut-off values of immunohistochemistry
[Philips et al. 2014].

Recognition of genetic features of PCNSL is difficult due to the rarity of the disease
and limited biological material remaining after histologic evaluation. Frequent
genomic aberrations in PCNSL are deletion of 6p21, involving the HLA locus, and
deletions on chromosome 6g21-6g25. A number of candidate genes are linked to
chromosome 6q, including PRDM1, a tumor suppressor which regulates B-cell
differentiation, PTPRK, a protein tyrosine phosphatase involved in the regulation of
cell adhesion, and A20 (TNFAIP3), a key negative regulator of NFkB signaling,
located on 6g23. Other dysregulated signaling pathways of potential significance
includes B-cell receptor signaling, with CD79b mutations in 20%, and the JAK/STAT
pathway [Philips et al. 2014, Ponzoni et al. 2014].

Due to a particular gene expression and genomic profile as well as the fact that
PCNSL patients are managed with different treatment protocols comparing to nodal
DLBCL, PCNSL is recognized as a distinct subtype of DLBCL by the World Health
Organization Working Group [Campo et al. 2011].

1.3 Localization and clinical presentation

PCNSL tend to present with solitary lesions in two-thirds of cases [Hoang-Xuan et al.
2003, Haldorsen et al. 2004, lllerhaus et al. 2009, Ghesquieres et al. 2013].
Multiple/multifocal lesions occur more often in immunocompromised patients. The
lesions of PCNSL are primarily located in frontal lobe and periventricular areas
involving the thalamus, basal ganglia, and corpus callosum [Haldorsen et al. 2004].
Concurrent meningeal involvement is detected in 10-15% of patients, while isolated
leptomeningeal lymphoma represent <5% of all PCNSL. Finally, intraocular

manifestation, either alone, then referred to as primary intraocular lymphoma, or

10
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often associated with CNS involvement, can occur in nearly 10% of PCNSL cases
[Hoang-Xuan et al. 2003, Birnbaum et al. 2012, Ghesquieres et al. 2013].

The localization of PCNSL determines clinical presentation. Initial symptoms include
personality and cognitive changes (60%), focal neurologic symptoms (35%), such as

hemiparesis, aphasia or headache [Haldorsen et al. 2004, Welch et al. 2012].

1.4 Prognosis/risk stratification

Prognosis of PCNSL is relatively poor. Various prognostic factors have been
identified, that could predict outcome and survival. Advanced age and impaired
performance status (PS) have consistently been described as major adverse
prognostic factors in PCNSL patients [Abrey et al. 1998, Abrey et al. 2003, Ferreri et
al. 2003, Batchelor et al. 2003, Langner-Lemercier et al. 2016].

Commonly risk stratification is based on two prognostic systems: International
Extranodal Lymphoma Study Group (IELSG) score and Memorial Sloan Kettering
Cancer Center (MSKCC) score.

IELSG score distinguishes three risk groups based on the presence/absence of five
risk factors: age >60 years, ECOG score >1, elevated lactate dehydrogenase (LDH)
serum level, elevated cerebrospinal fluid (CSF) protein concentration and
involvement of deep structures of the brain (periventricular region, basal ganglia,
brainstem and cerebellum). Patients with 0-1, 2-3 or 4-5 of these adverse risk factors
had a 2-year overall survival (OS) of 80%, 48% or 15%, respectively [Ferreri et al.
2003].

On the other hand, MSKCC score stratifies patients with PCNSL into three risk
groups based solely on age and PS. However, in this score, age cut-off is 50 years
and PS is classified according to Karnofsky index. Three patient groups are defined:
patients <50 years (class 1), patients 250 years and Karnofsky index 270% (class 2)
and patients =250 years and Karnofsky index <70% (class 3). Based on these
categories, Abrey et al. reported significant differences in OS: class 1, 2 and 3 had a
median OS of 8.5, 3.2 and 1.1 years, respectively [Abrey et al. 2006].

A number of studies have confirmed the prognostic value of IELSG score, especially
comparing patients with a score 0-1 and 4-5 [Wieduwilt et al. 2012, Birnbaum et al.
2012, Kim et al. 2014]. The prognostic value of MSKCC score is still debatable. In a

study conducted by Madle et al. MSKCC score was shown to be predictive for OS
11
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[Madle et al. 2015]. On the other hand, other studies failed to prove the prognostic
value of MSKCC score regarding OS as well as regarding relapse rate [Birnbaum et
al. 2012, Schorb et al. 2013].

Recently, low absolute lymphocyte count (ALC) was also reported as an independent
prognostic factor in PCNSL patients [Jang et al. 2016]. Jang et al. devised a three-
factor (3-F) prognostic model based on age, PS and lymphopenia (defined as ALC
<875 x10°/L). Assigning 1 point to each factor (ECOG score >1, age >50 years,
lymphopenia) patients are classified into three risk groups: low (0 and 1 point),
intermediate (2 points), and high (3 points). The 5-year OS rates of the patients in the
low-, intermediate-, and high-risk groups were 74.3%, 21.7%, and 12.5%,
respectively.

Most recently, our group published a report aiming to validate the 3-F prognostic
model in our PCNSL series [Schalk et al. 2017]. In this study, 3-F prognostic model
failed to stratify patients into risk groups according to survival (OS as well as
progression-free survival [PFS]). The influence of lymphopenia (as defined per

protocol) on outcome also could not be confirmed.

1.5 Treatment of PCNSL

Therapy strategies have evolved over the last two decades from high-dose
methotrexate (HD-MTX)-based chemotherapy with or without whole-brain radiation
therapy (WBRT) towards high-dose chemotherapy (HDC) followed by autologous
stem-cell transplantation (ASCT) and novel drugs including CD20-antibodies. Due to
the rarity of PCNSL and challenges conducting randomized controlled clinical trials in
these patients’ group data obtained from these studies are limited, resulting in a
relative low evidence level to guide therapeutic decisions [Ponzoni et al. 2014,
Phillips et al. 2014]. Therefore, for these patients there is no well-defined standard of
care [NCCN 2016].

1.5.1 Surgery

The role of surgery in PCNSL is restricted to obtaining a histopathologic diagnosis by

stereotactic brain biopsy. Aggressive tumor resection is not indicated due to
12
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increased risk of postoperative neurological deficit. More importantly, it did not result
in improved survival [Bataille et al. 2000, Bellinzona et al. 2005].

However, a study published by the German Primary Central Nervous System
Lymphoma Study Group (G-PCNSL-SG) has challenged this traditional view. Results
of this randomized, phase Ill study showed that in selected cases (e.g. in a case of
single lesions) aggressive tumor resection could improve PFS [Weller et al. 2012].
Moreover, these results were independent of age and PS. Therefore, in
individualized cases aggressive surgical tumor reduction could be taken in
consideration as that may lead to immediate relief of tumor mass effect, rapid
termination of corticosteroid therapy and elimination of cell populations with drug
resistance potential [Rubenstein et al. 2013b].

1.5.2 Whole-brain radiation therapy

PCNSL are radiosensitive tumors and respond well to radiation therapy. Due to
multifocal und infiltrative disease nature, WBRT was advocated [Shibamoto et al.
2003]. WBRT alone leads to high response rates (overall response rate [ORR] 90%),
yet is followed by frequent and rapid relapse [Nelson 1999, Shibamto et al. 2003].
The addition of WBRT to chemotherapy initially showed promising results [DeAngelis
et al. 2002, Gavrilovic et al. 2006, Shah et al. 2007]; however, it was associated with
disabling neurotoxicity (incontinence, gait, memory disturbance, etc.) and 30%
therapy-related mortality [Abrey et al. 1998]. Thiel et al. conducted a randomized,
phase Ill, non-inferiority trial of chemotherapy (HD-MTX plus ifosfamide) with or
without WBRT in PCNSL patients. Results showed no difference in OS, yet
significant difference was demonstrated regarding neurotoxicity for patients who
received WBRT [Thiel et al. 2010].

As a result, WBRT is currently omitted in the first-line PCNSL therapy and applied
solely in palliative or salvage settings [Thiel et al. 2010].

Whether other forms of radiation therapy (partial brain radiation therapy, reduced
dose WBRT, etc.) may play a role in PCNSL treatment is yet to be seen. Iwabuchi et
al. compared outcome in PCNSL patients receiving HD-MTX-containing
chemotherapy and WBRT with outcome in PCNSL patients receiving HD-MTX-
containing chemotherapy and partial brain radiation therapy. No significant difference

was reported, neither for relapse rate nor regarding neurotoxicity [lwabuchi et al.
13
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2016]. Morris et al. reported that reduced dose WBRT following chemotherapy could
be associated with long-term disease control and minimal neurotoxicity [Morris et al.
2013]. Clearly, further studies are needed to evaluate the possible advantages of

these forms of radiation therapy.

1.5.3 Chemotherapy

HD-MTX constitutes the backbone of PCNSL treatment. As a single agent, and when
administered without WBRT, the most frequently used methotrexate (MTX) dose was
3.5-8 g/m? [Guha-Thakurta et al. 1999, Batchelor et al. 2003; Zhu et al. 2009, Thiel et
al. 2010, Cobert et al. 2010]. Regarding the fact that 4-6 cycles of HD-MTX are
necessary for achieving remission, administration of 6-8 cycles has been considered
as standard of care [Batchelor et al. 2003, Zhu et al. 2009, Cobert et al. 2010]. With
this approach complete remission (CR) was achieved in the majority of patients with
prolonged survival rates comparing to WBRT alone (2-year OS 50-70%) [Guha-
Thakurta et al.1999, Batchelor et al. 2003, Herrlinger et al. 2005; Zhu et al. 2009,
Thiel et al. 2010, Cobert et al. 2010]. Interestingly, therapy response was reported
not to be dose dependent (reported CR rates: 58% vs. 50% in patients treated with
MTX 8 g/m? or 3.5 g/m?, respectively) [Cobert et al. 2010]. HD-MTX monotherapy
was associated with acceptable rates of myelosuppression, reversible renal
insufficiency and acceptable neurotoxicity. Furthermore, this treatment option is also
feasible in elderly patients [Zhu et al. 2009, Welch et al. 2012]. However, the issue
concerning rapid relapse was not solved given that only 20% of patients achieved
long-term PFS [Batchelor et al. 2003]. In recent years, HD-MTX was combined with
numerous additional drugs in order to improve outcomes of HD-MTX monotherapy
(Appendix Table 1 and 2).

Ferreri et al. conducted the first randomized phase Il study (IELSG 20 trial) on 79
patients with PCNSL comparing the role of HD-MTX plus cytarabine (Ara-C) vs. HD-
MTX alone [Ferreri et al. 2009]. This study demonstrated significant improvement in
PFS comparing to HD-MTX monotherapy, however no difference in OS was reported
(3-year OS 46% vs. 32%; p=0.07). On the other hand, adverse events, especially
infectious complications, hepatotoxicity and hematological toxicities, were reported

more often in patients undergoing HD-MTX therapy combined with Ara-C.

14
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Currently, the anti-CD20 monoclonal antibody rituximab (R) is frequently combined
with single-agent HD-MTX or MTX-based polychemotherapy, based on the
observations that addition of rituximab could improve not only response rates, but
also OS rates [Chamberlain et al. 2010, Fritsch et al. 2011, Holdhoff et al. 2014, Ly et
al. 2016].

One of the most promising approaches in treatment of PCNSL is HDC with
subsequent ASCT. Various conditioning therapies have been used including a
combination of thiotepa with busulfan or carmustine or the BEAM regimen
(carmustine, etoposide, Ara-C, melphalan) [Abrey et al. 2003, Schorb et al. 2013,
Omuro et al. 2015a]. Omuro et al. assessed induction chemotherapy with R, MTX,
procarbazine, and vincristine, followed by consolidation with thiotepa,
cyclophosphamide und busulfan. Results showed impressive response rates and
moreover excellent disease control (OS not reached at 45 months; 2 year PFS 79%)
[Omuro et al. 2015a]. However, a recently published study by Scordo et al. showed
that this therapy regimen was associated with high toxicity burden [Scordo et al.
2017]. The most common non-hematological toxicities grade =3 were febrile
neutropenia (95% of patients) and mucositis (81% of patients). Fifteen percent of
patients experienced clinically relevant 23 non-hematological toxicities, and 7% of
patients died of treatment-related toxicity.

The above-mentioned high-dose chemotherapeutic strategies appear to be highly
effective, yet associated with high toxicity burden. Furthermore, it cannot not be
ignored, that these chemotherapeutic protocols are given to young and fit patients, a

subgroup that constitutes a minority of PCNSL patients, only.

1.6 Controlled trials in cancer patients

A number of controlled trials have shown that modern therapy approaches in PCNSL
result in improved survival rates [Ferreri et al. 2009, Holdhoff et al. 2014, Omuro et al.
2015a]. Yet outcome in “real-life” settings demonstrates less favorable results. This
observation poses the question whether results from controlled trials in PCNSL are
referable to the “real-life” setting outside controlled clinical trials.

Controlled trials have an important role in modern medicine and they guide clinical
practice. However, it should be considered, that controlled trials are conducted under

standardized conditions and in selected groups of patients often far from daily clinical
15
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practice. Narrow eligibility criteria may result in highly selected patient populations,
thereby threatening the overall generalizability of study findings to the “real-life”
setting.

Mitchell et al. conducted a retrospective study comparing “real-life” metastatic renal
cell carcinoma patients with controlled trial patients [Mitchell et al. 2014]. Results
showed that “real-life” patients are significantly older (mean 4.6 years older than
clinical trial patients) and sicker (‘real-life” patients had a significant poorer risk
disease by MSKCC score - poor: 7.4% vs. 2.9%; favorable: 31% vs. 44% - and were
more likely to have impaired functional status [ECOG score >1: 8.4% vs. 0.6%]) than
those patients enrolled in controlled trials. Similar results were reported in patients
with acute myeloid leukemia [Wang et al. 2015] and colon carcinoma [Mol et al.
2013].

Furthermore, Mol et al. reported a significantly worse outcome in non-trial patients
with colon carcinoma. Interestingly, no difference in survival was observed when
patients with comparable baseline characteristics (including age, PS) were treated
within and outside controlled trials. Thus, the influence of standardized treatment on

survival rates could be eliminated [Mol et al. 2013].

To the best of our knowledge, previously, it was not reported, whether the
encouraging data from controlled clinical trials in PCNSL are transferable to “real-life”
or are solely limited to controlled trials. In order to answer this question,
characteristics and clinical outcome of PCNSL patients treated within and outside a

controlled trial were investigated in this dissertation.
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1.7 Aim of the study
1.7.1 Primary study objectives
The primary objectives of this study were:

e To compare clinical characteristics of patients with PCNSL treated within a
controlled clinical trial (G-PCNSL-SG-1; TRIAL group) with patients treated outside
this trial (R-LIFE group);

e To compare clinical outcome of both patient populations (TRIAL vs. R-LIFE).

1.7.2 Secondary study objectives
Secondary objectives of this study were:

e To compare the outcome of this PCNSL cohort with survival data obtained in other
retrospective and prospective PCNSL trials;

e To investigate the influence of “pro-active” follow-up on survival data;

e To validate available prognostic scores for PCNSL,;

e To identify early death (ED) in PCNSL and patients at risk of ED.

17
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2 Patients and Methods
2.1 Study design

This single-center, non-interventional study was conducted in patients with newly
diagnosed PCNSL treated consecutively between November 2000 and November
2016 in the Department of Hematology and Oncology, University Hospital
Magdeburg. The study was retrospective up to June 2014 and prospectively
documented from then onwards.

It included two patient populations:

e Patients treated within the multi-center G-PCNSL-SG-1 trial [Thiel et al. 2010,
Korfel et al. 2015] (TRIAL group);

e Patients treated outside of this controlled trial (R-LIFE group). Patients with NHL
manifestation outside the CNS or patients with SCNSL were excluded from this

analysis.

2.1.1 TRIAL group

The TRIAL group was composed of patients treated within the G-PCNSL-SG-1 trial.
The G-PCNSL-SG-1 trial was a national, randomized, multi-center (75 centers, 551
patients), phase lll, controlled trial conducted between May 2000 und May 2009 in
patients with newly PCNSL. Of 551 patients who entered the study, 318 were treated
per-protocol (57.7%). The major protocol deviations were as follows: death during
chemotherapy (n=66), omission of WBRT in patients assigned to first-line
chemotherapy plus WBRT (n=49), failure to achieve CR (n=44), lost to follow-up
(n=27). The study was designed to answer the guestion whether the omission of
WBRT from the treatment of newly diagnosed PCNSL compromises OS. The G-
PCNSL-SG-1 trial was registered with ClinicalTrials.gov number NCT00153530.
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2

.1.1.1 G-PCNSL-SG-1 trial inclusion and exclusion criteria

G-PCNSL-SG-1 trial inclusion criteria were as follows:

Newly diagnosed PCNSL (histologically or cytologically/immunocytologically
confirmed);

Age 218 years;

Life expectancy of at least 2 months;

Adequate bone marrow reserve with a peripheral granulocyte count of >1.5 x10°%/L
and thrombocyte count of >100 x10%L; bilirubin in the normal range; glutamic-
oxaloacetic transaminase of <3 times the upper normal limit and adequate renal
function with a creatinine clearance of >50 mL/min and serum creatinine in the

normal range.

G-PCNSL-SG-1 trial exclusion criteria were as follows:

Manifestation of lymphoma outside of the CNS;

Severe diseases in other organs which would make application of intensive
chemotherapy impossible;

Karnofsky index <50% due to previous diseases other than PCNSL (Karnofsky
index <30% only due to the PCNSL);

Active infection;

HIV positivity;

Previous treatment of PCNSL other than with corticosteroids, antiepileptics or
diuretics;

Previous radiation therapy of the brain;

Concomitant or previous malignant diseases in the last 5 years except for an
adequately treated basal cell carcinoma or cervical carcinoma in situ;
Immunosuppression, concomitant immunosuppressive therapy, or organ
transplantation;

Ongoing chemotherapy for another disease.
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2.1.1.2 G-PCNSL-SG-1 trial treatment

Patients were randomised in a 1:1 ratio to receive first-line chemotherapy based on
HD-MTX with or without subsequent WBRT (Figure 2).

~

Randomization }

First-line chemotherapy}

~

based on HD-MTX

s N\ 4 \ N\ s w N\ s N\
Complete No complete Complete No complete
response reponse* response response

[ — _I—\ [ — _I—\ [~ _I—\ [~ _I—\
Consolidating Rescue Watch and
WBRT WBRT wait HD-Ara-C

*No complete response: partial response, stabile disease, and progressive disease.

Figure 2. G-PCNSL-SG-1 trial design [Thiel et al. 2010]. HD-MTX: high-dose
methotrexate; WBRT: whole-brain radiation therapy; HD-Ara-C: high-dose

cytarabine.

From 2000 until 2006 all patients received intravenous HD-MTX (4 g/m? over 4
hours) on day 1 of six bi-weekly cycles, as first-line chemotherapy. In May 2006 a
protocol amendment was made due to low CR rates and presumption that HD-MTX
alone is insufficient. Ifosfamide was added to the first-line chemotherapy. From May
2006 onwards received all patients HD-MTX plus ifosfamide (1.5 g/m? over 3 hours)
on days 3-5 of six bi-weekly cycles. In those patients assigned to receive first-line
chemotherapy following WBRT, it was applied to a total dose of 45 Gy, in 30 fractions
a 1.5 Gy. Patients assigned to receive first-line chemotherapy without WBRT who
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had not achieved complete response were given intravenous high-dose Ara-C (3
g/m? over 3 hours) every 12 hours for 2 days.

The G-PCNSL-SG-1 trial was approved by local ethics committee from each
participating center and informed consent was obtained from each participant (Ethics
Committee of Otto-von-Guericke University Magdeburg, Medical Faculty approval
29.01.2001, protocol number: 184/00).

2.1.2 R-LIFE group

R-LIFE group was composed of patients treated outside the G-PCNSL-SG-1 trial.
These patients were not enrolled in the study, because they did not meet the
inclusion criteria, patients’ wish, physicians’ decision or because the study

recruitment was already closed at the time of PCNSL diagnosis.

2.1.2.1 R-LIFE treatment

Patients in the R-LIFE group received HD-MTX alone as a first-line chemotherapy
(up to six bi-weekly courses; 4 g/m?); which was at that time considered as standard
of care in this institution. In cases of impaired renal function, HD-MTX dose was
reduced up to 50% or Ara-C was administered as the first-line therapy (up to four tri-
weekly courses; 12 g/m? as above described). From December 2015 onwards
patients received R-MTX as first-line chemotherapy, due to encouraging results from
recently published studies with rituximab [Chamberlain et al. 2010, Fritsch et al.
2011, Holdhoff et al. 2014, Ly et al. 2016].

Consolidation therapy as WBRT or HDC with ASCT was not applied in these
patients.

Patients not eligible for chemotherapy (due to comorbidity, low PS) received WBRT
or dexamethasone monotherapy with palliative intention at the discretion of the
treating physician.

For these patients, written informed consent for this analysis was not obtained due to
the mainly retrospective and non-interventional study. All procedures were performed
in accordance with the general ethical principles outlined in the Declaration of

Helsinki [WMA 2013].
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2.2 Analyzed variables

Data were collected by reviewing patients’ medical records.

The following data were collected:

e Demographic variables: age, sex;

e Time-points: date of surgery and histological diagnosis, time of death, last follow-
up;

e Laboratory variables: baseline ALC, LDH and creatinine clearance as calculated
by the Cockgroft-Gault method;

e Clinical variables: number and localization of tumor lesions, histology type,
Karnofsky index, ECOG score, Charlson Comorbidity Index (CCI) [Charlson et al.
1987], MSKCC prognostic score [Abrey et al. 2006], IELSG prognostic score
[Ferreri et al. 2003], 3-F prognostic model [Jang et al. 2016];

e Treatment-related variables: type of therapy, therapy dosage, number of therapy
cycles;

e Outcome: CR, partial response (PR), mixed response (MR), stabile disease (SD),
progressive disease, PFS, OS, relapse.

2.3 Definitions

OS was defined as the time between histological diagnosis and death or loss to
follow-up. PFS was defined as the time between histological diagnosis and progress,
relapse or death. Data for patients without an event were censored at the time of the
last contact (telephone or visit).

ORR rate was defined as the sum of CR and PR. Response to therapy was
determined by contrast-enhanced computed tomography or magnetic resonance
tomography [Abrey et al. 2005, Thiel et al. 2010].

The term “pro-active” follow-up describes additional follow-up phone calls to primary
care physicians and patients’ families for all patients known to be alive in the last data
base entry. This was performed in order to get more accurate information regarding
survival and course of the disease.

ED was defined as death within 4 months from histological diagnosis [Bairey et al.
2013].
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2.4 Review of retrospective and prospective PCNSL studies

In the Appendix Table 1 und 2, the type and outcome of administered therapy
regimens from published, retrospective and prospective PCNSL studies were
summarized. Keywords for the literature search were “CNS lymphoma” and
“treatment”; inclusion criteria for consideration were English-speaking studies on
adult patients with newly PCNSL, which were published between January 2010 and
November 2015.

2.5 Statistical analysis

Categorical variables were compared using X? statistic or Fisher's exact test, where
applicable. Continuous variables were compared using Wilcoxon-Mann-Whitney test.
The Kaplan-Meier method was used for survival analysis [Kaplan et al. 1958], with
assessment of differences by the log-rank test. The Cox proportional hazards model
was used to calculate the hazard ratio (HR). Survival rates were derived from the
Kaplan-Meier estimates. The median follow-up time was derived from “reverse”
Kaplan-Meier estimates [Shuster 1991]. Two-sided p values <0.05 were considered
statistically significant. Statistical analyses were carried out using SPSS version 24

and Microsoft Excel version 14.7.1.
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3 Results
3.1 Patient characteristics

Altogether, 107 patients were identified with newly diagnosed CNS lymphoma treated
consecutively between November 2000 and November 2016 in the Department of
Hematology and Oncology, University Hospital Magdeburg. Fourteen patients with
SCNSL were excluded from this study, remaining 93 patients with PCNSL for this

study analysis. Enrollment and analysis of the study population is shown in Figure 3.

Patients with CNS
lymphoma treated
between 2000 and 2016

n=107 " \}
1
! Patients with SCNSL |
' n=14 '
1 1
‘. ’,'
Patients with PCNSL
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' n=7 !
‘. ’,'
Patients evaluable for
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n=86 | e -
’ N
f Patients with loss to H
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' to response i
! n=13 i
A e e e e R4

Patients evaluable for
therapy response
n=73

Figure 3. Enrollment and analysis of the study population. CNS: central nervous
system; SCNSL: secondary CNS lymphoma; PCNSL: primary CNS lymphoma.

Twenty (21.5%) patients were treated within the G-PCNSL-SG-1 trial (TRIAL group)
and 73 patients (78.5%) were treated outside the clinical trial (R-LIFE group). In the
time period when the G-PCNSL-SG-1 trial was active in this center, 19 patients were
not included in this trial. Given the retrospective character of this analysis, there is no
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information available for the reasons pro or contra the participation in the G-PCNSL-
SG-1 trial. Thirteen out of these 19 patients were probably not eligible for
chemotherapy (age 270 years, ECOG sore =3, Karnofsky index <60% or CCI >4).

Of the 93 patients with PCNSL, 47 (50.5%) were men and 46 (49.5%) women.
Median age of the total patient population was 68 years (range 23-83 years),
whereas 42 patients (45.2%) were aged 70 years or older.

Minimum CCI score in all patients was 2, due to the 2 points given for lymphoma
diagnosis per patient. A CCI of 2 was present in 24 patients (25.8%), CCl 3-4 in 46
patients (49.8%), and CCI 25 in 23 patients (24.7%). Forty-four patients (47.3%) had
ECOG score 0-1. Forty-nine patients (52.7%) had a solitary lesion and forty-four
patients (47.3%) had =2 lesions.

Distribution of MSKCC score was as follows: class 1 in 13 patients (13.9%), class 2
in 43 patients (46.2%) and class 3 in 37 patients (39.8%).

The IELSG score was 0-1 in 22 patients (23.6%), 2-3 in 55 patients (59.1%) and 4 in
16 patients (17.2%). Due to missing data on CSF protein level, the maximum IELSG
score in all patients was 4.

According to the 3-F-prognostic model, 37 patients (39.8%) were low-risk, 36 patients
(38.7%) intermediate-risk and 20 patients (21.5%) were high-risk.

Histology revealed aggressive B-NHL in the great majority of patients (89 patients;
95.7%). T-NHL was diagnosed in 3 patients and indolent NHL in 1 patient.

Patients’ characteristics and comparison between the R-LIFE group and the TRIAL

group are given in Table 1.
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Table 1. Comparison of patients’ characteristics of TRIAL and R-LIFE group

Age, median 68 years 62 years 70 years 0.003
Range 23-83 years 44-75 years 23-83 years
=70 years 42 (45.2%) 3 (15.0%) 39 (53.4%) 0.004
CCl score®
2 24 (25.8%) 4 (20.0%) 20 (27.4%) 0.58
3-4 46 (49.5%) 11 (55.0%) 35 (47.9%) 0.62
=5 23 (24.7%) 5 (25.0%) 18 (24.6%) 1.0
Performance status
ECOG score
0-1 44 (47.3%) 16 (80.0%) 28 (38.4%) 0.002
2-4 49 (52.7%) 4 (20.0%) 45 (61.6%) 0.002
Karnofsky index, 70% 80% 70% 0.003
median
Number of lesions
Solitary lesion 49 (52.7%) 14 (70.0%) 35 (47.9%) 0.13
Multiple lesions” 44 (47.3%) 6 (30.0%) 38 (52.1%) 0.13
MSKCC score
1 13 (13.9%) 5 (25.0%) 8 (10.9%) 0.14
2 43 (46.2%) 11 (55.0%) 32 (43.8%) 0.45
3 37 (39.8%) 4 (20.0%) 33 (45.2%) 0.07
IELSG score®
0-1 22 (23.6%) 9 (45.0%) 13 (17.8%) 0.02
2-3 55 (59.1%) 10 (50.0%) 45 (61.6%) 0.44
4 16 (17.2%) 1 (5.0%) 15 (20.5%) 0.18
Individual parameters®
Age >60 years 67 (72.0%) 11 (55.0%) 56 (76.7%)
ECOG score >1 49 (52.7%) 4 (20.0%) 45 (61.6%)
LDH elevated 52° (53.8%) 12 (60.0%) 40° (56.3%)
Localization: 51 (54.8%) 8 (4.0%) 43 (58.9%)
Deep brain region
3-F prognostic model
Low 37 (39.8%) 15 (75%) 22 (30.1%) 0.22
Intermediate 36 (38.7%) 3 (15%) 33 (45.2%) 0.02
High 20 (21.5%) 2 (10%) 18 (24.7%) 0.001

Abbreviations: CCI: Charlson Comorbidity Index [Charlson et al. 1987], MSKCC
score: Memorial Sloan Kettering Cancer Centre prognostic score [Abrey et al. 2006],
IELSG score: International Extranodal Lymphoma Study Group prognostic score
[Ferreri et al. 2003], LDH: lactate dehydrogenase; 3-F prognostic model: three-factor
prognostic model [Jang et al. 2016].

%Includes 2 points given for lymphoma diagnosis per patient;

b> 2 lesions:
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‘1 point for elevated cerebrospinal fluid protein level could not be attributed (data not
available); therefore the maximal IELSG score was 4;
dDescriptive only;

®Value not available for 2 patients.

3.2 Treatment

Definitive chemotherapy was applied in 86 patients, whereas 5 patients received
dexamethasone monotherapy and 2 patients WBRT only (the latter patients were all
from the R-LIFE group).

HD-MTX monotherapy was applied as first-line treatment in the great majority of the
patients (n=76; 86.4%). All patients within the TRIAL group received HD-MTX
monotherapy; additional WBRT was applied in 64.7% of patients (11/17 patients with
response evaluation after HD-MTX). Neither of TRIAL patients received
ifosfamid/HD-MTX considering that the last patient recruitment was before protocol
amendment as described above.

In R-LIFE group 84.8% (56/66) patients were treated with HD-MTX in first-line. Other
treatments were R-MTX (n=5; 7.6%), Ara-C (n=4; 6.1%) and polychemotherapy (n=1;
1.5%).
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3.3 Response

From altogether 86 patients who received definitive chemotherapy, 73 could be
evaluated for therapy response. In 13 patients (15.1%), no response data were
available due to loss to follow-up or death prior to response evaluation.

ORR was achieved in 44 patients (60.3%). CR was observed in 22 patients (30.1%),
PR also in 22 patients (30.1%), whereas MR was reported in 1 (1.4%) patient.
Progressive disease was reported in 23 patients (31.5%) and SD in 5 patients

(8.8%). Therapy response of the entire PCNSL cohort is shown in Figure 4.

SD. 8,8%

Figure 4. Treatment response of the entire PCNSL cohort (n=73). CR: complete
response; PR: partial response; PD: partial disease; SD: stabile disease; MR: mixed

response.
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3.4 Survival

Median follow-up of the entire study population was 112.6 months (95% confidence
interval [95%CI] 81.9-143.3). Sixty-three patients (73.3%) died and 23 patients
(26.7%) are alive. In the entire cohort the median OS was 13.3 months (95%CI 0-

27.5), as shown in Figure 5.
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Figure 5. Overall survival in entire PCNSL cohort (median 13.3 months) (n=86).
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Median OS was 33.8 months (95%CI 17.6-50.0) in the TRIAL group compared to
only 9.5 months (95%CI 3.3-15.7) in the R-LIFE group (p=0.18), as shown in Figure
6. This resulted in HR of 0.67 ([95%CI 0.38-1.20]; p=0.18).
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Figure 6. Overall survival for patients treated within the G-PCNSL-SG-1 trial (TRIAL
group) and for patients treated within the real-life“ setting (R-LIFE group) (median
33.8 months vs. 9.5 months).
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The OS rates for the entire cohort were 45.2% (95%Cl 34.4-56.0) at 2 years and
27.8% (95%CI 17.6-38.0) at 5 years.

When analyzing the TRIAL and R-LIFE groups separately, a significant difference
was observed: OS at 2 years was 65.0% and 38.6%, respectively; OS at 5 years was
40.0% and 23.8% respectively. In Table 2, 2-year OS and 5-year OS for the TRIAL
and R-LIFE groups are shown.

Table 2. Comparison of 2-year OS and 5-year OS for the TRIAL and R-LIFE groups

TRIAL group R-LIFE group p value
2-year OS 65.0% 38.6% 0.01
(95%CI) (44.0-86.0) (26.5-50.9)
5-year OS 40.0% 23.8% 0.01
(95%Cl) (18.4-61.6) (12.2-35.4)

Abbreviations: OS overall survival; 95%CI| 95% confidence interval.
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The median PFS in the entire study population was 4.2 months (95%CI 0-10.0), as
shown in Figure 7.
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Figure 7. Progression-free survival for entire PCNSL cohort (median 4.2 months)
(n=86).
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Analyzing the TRIAL group und the R-LIFE group separately showed that the median
PFS in the TRIAL group was 25.1 months (95%CI 4.7-45.5) as compared to only 3.7
months (95%CI 2.7-4.7) in the R-LIFE group (p=0.13). The respective HR was 0.66
([C195% 0.37-1.15]; p=0.14). PFS for TRIAL and R-LIFE group are shown in Figure

8.
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Figure 8. Progression-free survival for patients treated in the G-PCNSL-SG-1 trial

(TRIAL group) and for patients treated in the “real-life“ setting (R-LIFE group) (25.1

months vs. 3.7 months).
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The PFS rates at 2 years were 33.0% (95%Cl 22.8-43.2) and 15.5% (95%CI 7.1-
23.9) at 5 years, respectively. In the TRIAL group, PFS at 2 years was 55.0% and at
5 years 25.0%. In the R-LIFE group, PFS at 2 year was 25.6% and 12.3% at 5 years.
In Table 3, 2-year PFS and 5-year PFS for the TRIAL and the R-LIFE group are

shown.

Table 3. Comparison of 2-year PFS and 5-year PFS for TRIAL and R-LIFE groups

TRIAL group R-LIFE group p value
2-year PFS 55.0% 25.6% 0.007
(95%Cl) (33.2-76.8) (14.4-36.8)
5-year PFS 25.0% 12.3% 0.01
(95%Cl) (6.0-44.0) (3.1-21.5)

Abbreviations: PFS progression-free survival; 95%CIl 95% confidence interval.

3.5 “Pro-active” follow-up

In the period from November 2000 until November 2014, altogether 75 patients with
newly diagnosed PCNSL were identified (87.2% of all patients evaluated for survival
data). Initially, data were collected according to standard follow-up, regarding OS.
From November 2014 until November 2016 a “pro-active” follow-up was conducted
(Figure 9).

Standard follow-up “pro-active”

follow-up

< ) 1 HJ

t0 tl t2
11/2000 11/2014 11/2016

Figure 9. Time flow-chart of patients according to follow-up.

Median follow-up with standard follow-up was 26.4 months with a low event rate

(deaths; 38.7%), whereas median follow-up with “pro-active” follow-up was 112.6
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months. Event-rate with “pro-active” follow-up was significantly higher (72.0%).
Survival data according to type of follow-up are shown in Table 4.

Table 4. Comparison of standard and “pro-active” follow-up

Standard follow-up “Pro-active” follow-up  p value
Follow-up 26.4 months 112.6 months <0.001
median (9.7-43.1) (82.0-143.2)
(95%Cl)
Events 29 (38.7%) 54 (72.0%) <0.001
(ON] 39.6 months 25.0 months 0.11
median (6.3-72.9) (10.6-39.4)
(95%Cl)

Abbreviations: 95%CI 95% confidence interval; OS overall survival.

3.6 Impact of prognostic scores and comorbidity index on survival

All three prognostic scores successfully discriminated risk groups according to OS,
but not, however, to PFS. The median OS of patients allocated to the low-risk group
ranged from 26.8 months (according to 3-F prognostic model) to 67.0 months
(according to MSKCC score). Reported median OS for high-risk patients ranged only
from 3.5 months to 3.8 months. OS and PFS for patient subgroups according to
IELSG, MSKCC and 3-F prognostic model score are shown in Figures 10,11 and 12
and in Table 5.
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Figure 10. Overall survival for patients according to MSKCC prognostic
score.
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Figure 11. Overall survival for patients according to IELSG prognostic score.
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Figure 12. Overall survival for patients according to 3-F prognostic score.
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Table 5. Survival according to MSKCC, IELSG and 3-F factor prognostic model

Prognostic score Overall survival Progression-free survival
Median Median
(95%Cl) p value (95%CI) p value
MSKCC 0.012 0.17
1 67.0 months 28.2 months
(0-154.3) (0-67.9)
2 12.7 months 6.5 months
(4.0-21.2) (0.26-12.7)
3 3.8 months 3.0
(1.5-6.1) (1.9-4.6)
IELSG? 0.039 0.22
0-1 41.6 months 19.2 months
(8.9-74.3) (0-54.7)
2-3 9.5 months 3.8
(4.5-14.5) (2.6-5.0)
4 3.5 months 3.3
(0.7-6.3) (1.9-4.7)
3-F prognostic model 0.048 0.28
Low 26.8 months 11.4 months
(5.9-47.7) (0-25.6)
Intermediate 9.5 months 3.8 months
(2.3-16.7) (0-9.3)
High 3.8 months 3.0 months
(1.9-5.7) (1.4-4.6)

Abbreviations: 95%Cl: 95% confidence interval; MSKCC: Memorial Sloan Kettering
Cancer Centre prognostic score [Abrey et al. 2006]; IELSG: International Extranodal
Lymphoma Study Group prognostic score [Ferreri et al. 2003]; 3-F prognostic model:

three-factor prognostic model [Jang et al. 2016].

*Maximal IELSG score was 4, due to missing data on cerebrospinal fluid protein level
Median OS of patients with low CCI (CCl=2), moderate CCIl (CCl=3-4) and severe
CCI (CCI=5) was compared. Median OS of the patients with low, moderate and

severe CCl were 9.8 months, 13.3 months and 32.2 months, respectively. No
significant difference was reported (p=0.48).
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3.7 Retrospective and prospective PCNSL studies identified by review

Altogether 13 retrospective PCNSL studies (1960 patients included) and 12
prospective PCNSL studies (694 patients included) were identified, published
between January 2010 and November 2015. In general, prospective studies were
conducted on a relative small number of patients (average 58 patients; range 8-66)
with an exemption of G-PCNSL-SG-1 trial, which was conducted on 318 patients
(per-protocol cohort). Median patient age within retrospective studies ranged from 54
years to 82 years, and within prospective studies between 42 years and 75 years.
Detailed patient characteristics, including age and PS, are summarized in Appendix
Table 1 and 2. Applied treatment regimens varied extensively. Overall, HD-MTX
contained chemotherapy was the most applied protocol within prospective and
retrospective studies. Monotherapy with HD-MTX was applied only in one
retrospective study. WBRT was conducted in 33.3% of prospective studies and in
61.5% of retrospective studies. In many of prospective studies median OS has not
been reached within the short observation period [Omuro et al. 2015a, Pulczynski et
al. 2015, Wang et al. 2014]. Only few of them reported impaired OS, ranging from 17
months to 29 months [Thiel et al. 2010, Fritsch et al. 2011, Ferreri et al. 2009].
Median OS in retrospective studies varied from 9 months to 84 months [Cobert et al.
2010, Kellog et al. 2014]. Response rate and survival (OS, PFS) are shown in
Appendix Table 1 and 2.

3.8 Early death in PCNSL patients

ED occurred in 24 patients (27.9%). Median age of these patients was 67.5 years. In
the great majority of patients, poor PS (ECOG score 2-4: 75%) as well as moderate
or severe CCIl (CCI =23: 83.3%) were reported. Twelve patients received only one
cycle of chemotherapy. Sepsis or severe infection was documented in 8 of these
patients (66.7%). In four of the patients therapy was not continued due to PS

deterioration. Progress was reported in 4 patients.
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4 Discussion

The issue whether clinical results of cancer patients treated in controlled clinical trials
and patients’ outcome achieved within these trials resemble “real-life” findings has
challenged researchers and practitioners for years. Possible bias could be caused by
restrictive inclusion criteria within clinical trials (such as age restriction [61%],
absence of comorbidities [83%], adequate kidney function [72%], adequate PS
[70%], adequate liver function [69%], adequate life expectancy [20%]) [Bellera et al.
2013]) and by differences in care due to clinical trial participation (e.g. closer follow-
up or more precise application of therapies). Few studies have showed that
participation in clinical trial is associated with improved outcome per se [Braunholtz et
al. 2001, Mol et al. 2013].

In 2014, Unger et al. conducted the largest study so far, comparing cancer patients
treated within SWOG clinical trials (21 controlled trials, including 5,190 patients) and
patients treated outside controlled studies selected from the SEER database (69,187
patients). It was found that trial patients were significantly younger in comparison to
non-trial patients, whereby almost 20% more patients within SEER groups were aged
265 years comparing to trial patients. Improved OS was reported for patients treated
within controlled trials. Interestingly, improved OS was only observed for the first year
after diagnosis and was leveled out in the long-term follow-up. Improved short-term
survival for trial patients was explained by the exclusion of sicker patients from
clinical trials through eligibility criteria regarding to comorbidity and PS [Unger et al.
2014]. Patients with PCNSL were not included in this study.

This study presented here was conducted in order to evaluate whether these
described findings are applicable to a PCNSL population.

Indeed, results of this study showed that PCNSL patients treated within the controlled
clinical trial were significantly younger and fitter comparing to patients treated outside
the G-PCNSL-SG-1 trial. Furthermore, more TRIAL patients had a low-risk PCNSL
constellation according to all three available PCNSL prognostic scores compared to
R-LIFE patients. Analyzing OS between the TRIAL and the R-LIFE group, no
significant difference was seen at a statistical level (p=0.18). However, median OS in
the TRIAL group was 33.8 months comparing to only 9.3 months in R-LIFE. Thus, the

observed survival benefit of 2 years implies that there is a clinical important
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difference regarding outcome between TRIAL and R-LIFE patients although the
number of patients evaluated was not sufficient to prove this at a statistical level. In
other words, since the HR was 0.67, the longer median survival of about 2 year for
TRIAL patients could be translated in a survival benefit of 33%.

Median OS for all patients in the entire PCNSL cohort was only 13.3 months. This is
markedly inferior in comparison to published data of controlled trial (Appendix Table
2). In many of controlled trials, median OS has not been reached [Omuro et al.
2015a, Pulczynski et al. 2015, Wang et al. 2014]. Kasenda et al. reported median OS
of 104 months [Kasenda et al. 2012]. Yet, it should be mentioned, these trials were
conducted on a highly selected population of patients, regarding alter and functional
status [Kasenda et al. 2012, Omuro et al. 2015a]. On the other hand, Pulczynski et
al. reported outcome in elderly patients (median age 64 years), however with a
follow-up from 22 months only [Pulczynski et al. 2015]. A possible explanation for the
poor outcome of our entire PCNSL cohort could be seen in the advanced age of the
study population, considering that almost half of these patients were aged 70 years
or older. Looking at the data obtained in other studies conducted in older patients,
similar results are reported. A study involving 30 elderly PCNSL patients with a
median age of 70 years reported comparable OS and PFS of 15.4 months and 5.9
months, respectively [lllerhaus et al. 2009]. Likewise, EORTC 26952 trial showed an
OS of only 14.3 months in patients older than 60 years [Hoang-Xuan et al. 2003].
Looking separately survival data for patients above 70 years within the G-PCNSL-
SG-1 trial similar data are obtained: median OS and PFS were 12.5 months and 4.0
months, respectively [Roth et al. 2012].

Although PCNSL is a disease affecting predominantly older patients [Villano et al.
2011], these patients are barely present in PCNSL controlled trials. The majority of
prospective PCNSL trials reported data based on patients <60 years (Appendix Table
2). Under-representation of older patients with cancer in controlled trials is a well-
known problem. The proportions of the patient populations enrolled in controlled trials
aged =265, 270, and 275 years were 36%, 20%, and 9% compared with 60%, 46%,
and 31%, respectively, in the general US cancer population [Talarico et al. 2004].
Just like that, in G-PCNSL-SG-1 trial only 21% of patients were 70 years or older
[Roth et al. 2012]. Numerous studies exclude patients aged 65 years or older [Fritsch
et al. 2011, Bellera et al. 2013, Kasenda et al. 2015a]. Median age in the entire

cohort of this presented study was 68 years; yet, there was a significant difference in
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proportion of patients older than 70 years among TRIAL und R-LIFE group, 15.0%
vs. 53.4%, respectively.

Patients treated within controlled trials are not only younger, but also fitter (as shown
in Appendix Table 1 and 2). This pattern was also observed within this study
population, given that patients in TRIAL group were significant fitter with better PS.
ECOG score 0-1 was observed in 80.0% of TRIAL patients comparing to only 38.4%
patients in R-LIFE group. Good PS (resembling ECOG score <2) is often stated in
inclusion criteria [Rubenstein et al. 2013a]. It is well known, that additionally to age,
PS is the most reproducible prognostic factor [Ferreri et al. 2003, Batchelor et al.
2003, Haldorsen et al. 2004]. Karnofsky index =270% was associated with better OS
and PFS at initial diagnosis of PCNSL as well as at relapse [Xie et al. 2015, Langner-
Lemercier et al. 2016]. In a recently published meta-analysis in elderly PCNSL
patients, Kasenda et al. demonstrated that Karnofsky index 270% was the strongest
prognostic factor for mortality (p<0.001) [Kasenda et al. 2015b].

Comorbidities were also known to be predictor of mortality, whereby the CCI is the
most widely used comorbidity index. Yet, in contrast to many hematologic
malignancies and solid tumors [Ording et al. 2013, Saussele et al. 2015], in PCNSL,
comorbidity was not shown to be associated with increased mortality [Puri et al.
2014]. In this analysis presented here, comorbidity was also not associated with
increased mortality. Many of patients (50%) had moderate comorbidity
(corresponding a CCI of 3-4). Thus, interestingly, despite frequent exclusion of
patients with comorbidity from controlled trials, no difference was observed

comparing comorbidities between TRIAL and R-LIFE group.

Taken altogether, our PCNSL patient population revealed a relatively poor prognosis.
This was also confirmed applying PCNSL prognostic models in this patient
population. According to all three available PCNSL prognostic models, the majority of
patients had intermediate or poor prognosis (60-86% of all of patients, depending on
prognostic model), which could additionally explain the poor outcome. Comparing
distribution of patients in MSKCC score classes to original MSKCC population, 46%
of class 3 patients vs. only 26% in MSKCC original population [Abrey et al. 2006]
were identified. Rate of class 2 patients was consistent. Due to lack of CSF data a
complete IELSG score had not been calculated, making a true comparison with the

original IELSG population impossible. The proportion of high-risk patients in the 3-F
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prognostic model population [Jang et al. 2016] was comparable to our patients.
Nevertheless, it is to be mentioned that comparably less high-risk patients were
observed in TRIAL group comparing to R-LIFE group (3-F prognostic score: p=0.001;
MSKCC score: p=0.07, respectively) (Table 1). Recently, Jang et al. showed that all
three prognostic scores are equally good in recognizing high-risk patients’ groups,
however 3-F prognostic model was significantly better at predicting 5-year OS of low-
risk (3-F prognostic model vs. IELSG: p=0.002, 3-F prognostic model vs. MSKCC:
p=0.003) [Jang et al. 2016]. In this analysis, the prognostic value of all three
prognostic scores could have been valuated. Significant difference in OS was
observed, regardless of applied prognostic score. MSKCC seems to be more potent
comparing to other scores (the OS difference between risk groups was higher
according to MSKCC classification (p=0.012), than according to IELSG and 3-F
prognostic score (p=0.039 and p=0.048, respectively) (Table 5).

In the previously mentioned study from Unger et al., it was pointed out that
participation in a controlled trial was not associated with improved OS for good-
prognosis diseases, but it was associated with better survival for poor-prognosis
diseases - like PCNSL. Therefore reducing eligibility criteria could improve access to
controlled trials for PCNSL patients with the potential chance of better outcome
[Unger et al. 2014].

Due to analyzing data of a single-center study only, it could also be considered per
se as a possible reason for inferior survival data (e.g. inadequate application of
therapy, poor supportive therapy, etc.). However, comparing survival data from the
TRIAL patients with the original G-PCNSL-SG-1 population, comparable results were
observed. OS in the TRIAL group was 33.8 months comparing to 35.6 months in
original G-PCNSL-SG-1 population. Reported PFS was also in both populations
almost identical (PFS in TRIAL patients vs. G-PCNSL-SG-1 population was 25.1
months vs. 25.5 months) [Thiel et al. 2010]. Therefore, a bias due to this single-

center can be excluded.

A possible additional explanation for the poor outcome observed in this patient
population could also be seen in the therapy approach. HD-MTX monotherapy was

applied in a majority of patients (84.6%) as it was considered as a standard at that
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time [Thiel et al. 2010]. The activity of this approach is not satisfactory, given the fact
that only 20% patients achieve long-term survival [Batchelor et al. 2003]. These data
are about comparable with other published studies with HD-MTX alone. The NOA-03
trial reported a median OS of 25 months [Herrlinger et al. 2005]. Likewise, Gaviani et
al. reported an OS of 20 months in a study of only 17 elderly patients treated with
HD-MTX alone [Gaviani et al. 2016].

Although there is no well-defined standard treatment for patients with PCNSL, HD-
MTX monotherapy is currently considered as a “minimal” therapy by many colleagues
in this field [Korfel 2016] and meanwhile a polychemotherapy approach is advised.
HD-MTX in combination with additional chemotherapy (Ara-C, thiotepa) and
immunotherapy (rituximab) were shown to improve outcome [Wang et al. 2014,
Kasenda et al. 2015a]. Ferreri et al. showed that addition of Ara-C leads to better
response rates (CR 16% vs. 46%; p=0.06) [Ferreri et al. 2009]. Trials with rituximab
reported excellent response rates, leading to CR in up to 100% patients [Birnbaum et
al. 2012]. Furthermore, it was shown that addition of rituximab could improve not only
ORR but OS as well [Holdhof et al. 2014]. In a study from Holdhoff et al., median OS
for patients that received R-HD-MTX was not reached comparing to only 16.3 months
in HD-MTX group [Holdhof et al. 2014].

Given the known low long-term PFS, consolidation therapy could play an important
role in PCNSL therapy. WBRT as consolidation therapy showed inadequate efficacy
and was associated with severe neurotoxicity [Thiel et al. 2010]. Based on these
report, WBRT was omitted in this analysis in first-line therapy. However, alternative
consolidation strategies, like non-cross-resistant polychemotherapy or HDC with
ASCT were here also not included. A few phase Il studies with HDC and ASCT
strategy showed encouraging outcomes with superior survival rates. In study
conducted by Omuro et al., 2-year PFS and OS were 81% [Omuro et al. 2015a].
Miayo et al. reported a 3-year OS of 81% in patients undergoing ASCT [Miyao et al.
2014]. A retrospective study by Madle et al. confirmed positive impact of HDC and
ASCT regarding survival (3-year OS in patients with ASCT comparing to non-ASCT
was 85.2% vs. 35.2%) and observed ASCT as an independent prognostic factor in a
multivariate analysis [Madle et al. 2015]. This consolidation strategy seems to be
highly effective, yet the generalizability of this approach is questionable. It is primarily

addressed to young (aged <65 years) and fit patients, thereby not mirroring the
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reality of PCNSL patients as mentioned above. Application of intensive protocols and
findings obtained within controlled trials to non-comparable patient populations may

result in patient harm.

Short median OS reported in this study may well be due to a high proportion of
patients dying within 120 days from histological diagnosis. ED was reported in almost
one third of the patients. These rates are noticeably higher comparing to ED in nodal
NHL (7%) [Bairey et al. 2013]. ED rates regarding PCNSL were so far not reported.
Patients with poor PS and moderate or severe comorbidity were at a higher risk of
ED. The main issue in these patients was not disease progress, but high toxicity
burden. One half of the ED patients developed severe infections or deterioration of

PS, which made therapy continuation not possible.

Having the actual treatment strategies in mind, it seems that a part of the patients
analyzed in this study had been undertreated with HD-MTX monotherapy. Younger
and fitter patients would have probably benefited from HDC with ASCT. On the other
hand, a group of patients that died due to treatment-related mortality were obviously
over-treated.

An interesting concept for elderly patients (=60 years) was recently presented in a
study conducted by the ANOCEF-GOELAMS intergroup. Patients were stratified
according to PS (Karnofsky index <60% vs. 260%) to HD-MTX with only one
additional agent (temozolomide) or to a more intensive polychemotherapy (HD-MTX,
procarbazine, vincristine, and Ara-C), respectively [Omuro et al. 2015b]. Median OS
was 31 months in the polychemotherapy group and 14 months in the HD-
MTX/temozolomide group. No differences were noted in toxic effects between the
two groups. Survival data observed in elderly, unfit patient group (HD-
MTX/temozolomide group) were about comparable to survival data in this study
presented here. However, this patient stratification offers a good selection of patients
that are eligible for more intensive chemotherapy protocols.

A possible alternative for elderly and frail patients could also be seen in new drugs
targeting signaling and immune-checkpoint pathways as well as in
immunomodulatory drugs. In a recently conducted phase | study, lenalidomide was
shown to have positive impact in relapsed/refractory PCNSL [Rubenstein et al. 2016].

In 8 from 13 heavily pretreated PCNSL patients, lenalidomide maintenance therapy
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(following local radiation or R-MTX salvage therapy) induced at least PR. The role of
the Bruton-tyrosinkinase inhibitor ibrutinib (ClinicalTrials.gov number NCT02315326)
as well as the PD-1 inhibitor pembrolizumab (ClinicalTrials.gov number
NCT02779101) is also currently being investigated in PCNSL.

An additional explanation for the poor outcome in this study could be seen in a long
follow-up of almost 10 years. The majority of published studies report on patients with
an average follow-up of 3 years or less [Ferreri et al. 2009, Wang et al. 2014]. As a
result, OS and PFS are often overestimated, while risk of relapse and treatment
related toxicity are too often underestimated. Furthermore, interpretation of the
results of a trial is always problematic when the proportion of missing events is
substantial. Event rate in G-PCNSL-SG-1 trial was about 50% [Thiel et al. 2010],
whereas other trials reported an event rate of only about 20% [Omuro et al. 2015a].
In this study, the “pro-active” follow-up resulted in a greater number of events (70%)
thereby leading to poorer outcome (median OS in “pro-active” follow-up patients and
standard follow-up were 25.0 months and 39.6 months, respectively) (Table 4). This
underlies the importance of an active and long-term patient follow-up as well as the
importance of update of survival and relapse data. In this manner we could obtain
more accurate and valid “real-life” data that are needed for reliable treatment

guidelines.

To the best of our knowledge, data comparing “real-life” outcome with outcome in
controlled trials concerning PCNSL patients has not been generated and published
so far. The data presented here are based on a long follow-up of about 10 years.
Furthermore, for many patients a complete follow-up was available - considering a
high event rate with “real-life” survival data in this study. However, there are some
limitations to this study: the single-center setting, retrospective design, and a small

study population (73 patients compared with 20 patients only).

Taken together, this study shows that survival of PCNSL patients treated outside a
controlled trial, but analogues to the G-PCNSL-SG-1 trial was poor. The treatment
and management of patients with PCNSL clearly requires improvement. Recently
published multi-center trials using HDC with ASCT as a part of first-line treatment

showed improved survival rates. Yet, they were associated with high treatment-
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related burden, whereas data regarding neurotoxicity were not reported at all.
Furthermore, these regimens are restricted solely to young patients, who present the
minority of PCNSL patients. Young and fit patients are usually overrepresented in
clinical trials. In the future, a careful review of trial eligibility criteria is required in order
to define the actual patient population, tailor appropriately therapy regimens and
provide better and individualized clinical care.
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5 Summary

Treatment of patients with PCNSL presents still a challenge. Recently published

studies showed encouraging results. At the same time, outcome in “real-life” settings

appears to be less favorable. This study was conducted in order to compare the

patients’ characteristics and clinical outcome of patients treated within the multi-

center German Primary CNS Lymphoma Study Group 1 trial (TRIAL) and patients

treated outside this trial (R-LIFE). Altogether, 93 patients were analyzed, 20 patients

from that were treated within the controlled trial.

The main results of the study are:

1. Patients treated within the controlled clinical trial were younger, fitter and had

fewer a poor-risk disease comparing to patients treated outside the controlled
trial.

Patients treated within the TRIAL group had a better outcome comparing to R-
LIFE patients, yet that appeared not to be statistically significant, but, however,

clinically relevant, since the difference in OS was 2 years.

Other important findings are:

1.

Survival of patients treated in this study was inferior comparing to survival data
in other published PCNSL studies.

“Pro-active” follow-up have a negative influence on survival data in PCNSL
patients.

All three available prognostic scores for PCNSL have been shown to stratify
patients into groups with significantly different prognosis regarding OS.

Patients with impaired performance status and moderate or severe comorbidity

were at a higher risk of ED.
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Appendix
Table 1. Summary of retrospective PCNSL studies

Study Pts. Median ECOG Treatment ORR Median OS Median
[n] Age score [%0] [months] PFS
[years] [months]
Madle, 2015 81 66 0-1 cTX'+/-R +/-  75% 49 50
67% ASCT +/-
Dalia, 2014 89 61 0-1: HD-MTX+/- n/a 35 9
61%  +/-R+/-Rad+/-
i.th.
Holdhoff, 54 65 n/a R-HD-MTX 16 5
2014 27 66 HD-MTX n/r 27
Kellog®, 2014 45 59° n/a HD-MTX; n/a 9 n/a
MPV+/-R *
Kim, 2014 40 55 0-1: MVP +/- 80 n/r n/a
55% ASCT +/- (15)
Rad
Shibamoto, HD-MTX
2014 0-2: containing
1985-1994 466 60 52% regimen n/a 18 9
1995-2004 273 61 65% (84%) +/- 26 20
2005-2009 315 63 73% Rad (90%) 35 21
Lee, 2014 38 69 n/a Modified 74 43 18.1
EORTC®
Gregory, 120 65 0-1: HD-MTX-R n/a n/r n/a
2013 33%  HD-MTX-Ara- (30)
C
R-MPV +/-
Rad
Schorb, 2013 105 54 n/a HD-MTX-Ara- 95 47 85
C-Th (77%) +
ASCT +/-
Rad
Ghesquiérs, 91 59 0-1: cTx +/-Rad® 68 33 n/a
2013 58%
Birnbaum, 19 66 n/a HD-MTX-I 90 n/r (30) 18
2012 17 66 n/a R-HD-MTX-I 100  n/r (18 mo) 30
Taguchi, 35 69 0-1: Rad n/a 20 n/a
2012 26%
Welch, 2012 24 82 n/a MPV 63 8 7
Ara-C
Rad.
Cobert, 2010 121 63 n/a HD-MTX 85 84 38

Abbreviations: Pts: patients; ECOG score: Eastern Cooperative Oncology Group
score; ORR: overall response rate; OS: overall survival, PFS: progression free
survival, cTX: chemotherapy; R: rituximab; ASCT: autologous stem-cell

transplantation; HD-MTX, high-dose methotrexate; Rad, radiation; i.th, intrathecal
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therapy; n/a, not available; n/r, not reached; MPV: methotrexate, procarbazine,
vincristine; Ara-C, cytarabine; Th, thiotepa; I: ifosfamide.

19 diverse chemotherapy protocols (inclusive Bonner protocol, Freiburger protocol
etc.);

?Including primary and secondary CNS lymphoma;

*Mean age;

*17% M; 29% MPV+/- R;

®EORTC protocol: MTX, ranimustine, procarbazine, methylprednisolone + i.th.
cytarabine and methotrexate;

®C5R protocol 45%; HD-MTX + CHOP-like regimen 18%; HD-MTX +HD cytarabine+
CHOP-like regimen 10%; HD-MTX + alkylating agent 16%; CHOP-like regimen 4%;
Alkylating agent 7%; CTx+Rad 73%.
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Table 2. Summary of prospective PCNSL studies

Study Pts. Median ECOG Treatment ORR Median OS Median
[n] Age score [%0] [months] PFS
[years] [months]
Omuro, 2015 32 57 n/a R-MPV +/- 97 n/r n/r
ASCT (45) (45)
Pulczynski, 66 64 0-1: HD-MTX 91 n/r (22) n/a
2015 55% based
regimen®
Wang, 2014 21 52 67 HD-MTX+ 68 n/r (27.5) n/r (27.5)
Ara-C
Wang, 2014 20 53 55 HD- 74 n/r (27.5) n/r (27.5)
MTX+Te
Wu, 2014 8 42 n/a FTD +i.th 87 n/r (30) 30
+ Rad
Morris, 2013 52 60 R-MPV + 95 79 39
Rad + Ara-
C
Rubenstein, 44 61 0-1: HD-MTX 77 n/r (59) 29
2013 82% TeR +
EAra-C
Kasenda, 43 54 n/a cTx+ ASCT 104 104*
2012 +/- Rad
Ferreri, 2011 20 57 n/a HD-MTX 30 26 n/a
+Ara-C+Th
+Rad
Fritsch, 2011 28 75 n/a R-MPL 72 17 16
Chamberlain, 40 61.5 n/a R-HD-MTX 70 29 21
2010
Thiel, 2010 318 63 n/a HD-MTX 54 21 n/a
+-1-/+
Rad

Abbreviations: Pts: patients; ECOG score: Eastern Cooperative Oncology Group
score; ORR: overall response rate; OS: overall survival, PFS: progression free
survival; n/r: not reached; R: rituximab; MPV: methotrexate, procarbazine, vincristine;
ASCT: autologous stem-cell transplantation; HD-MTX: high-dose methotrexate; Ara-
C: cytarabine; Te: temzolomide; F: fotemustine; T: teniposide; D: dexamethasone;
i.th, intrathecal therapy; Rad, radiation; E: etoposide; cTx: chemotherapy; Th,
thiotepa; R-MPL: rituximab, methotrexate, procarbazine, lomustine; I: ifosfamide.
'Combination chemotherapy consisted of: rituximab, methotrexate, ifosfamide,
dexamethasone, vincristine, cyclophosphamide, vindesine, cytarabine +/-
temozolomide and intrathecale cytarabine;
"PFS for per-protocol-group.
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