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A B S T R A C T
While no widely accepted standard treatment regimen exists for primary central nervous system lymphoma
(PCNSL), growing evidence supports an approach that incorporates autologous stem cell transplantation (ASCT) as
consolidative therapy when feasible. In November 2011, the Alberta Hematology Tumor Team established a new
clinical practice guideline (CPG) for PCNSL involving high-dose methotrexate (HDMTX)/cytarabine-based induc-
tion followed by ASCT for eligible patients using a thiotepa and busulfan (TBu) conditioning regimen that omitted
cyclophosphamide from the regimen that was used before 2011. This retrospective study analyzed all 64 patients
with PCNSL diagnosed consecutively in 3 Canadian centers between November 2011 and December 2017 to eval-
uate adherence to the 2011 CPG and associated outcomes. Of the 64 patients with PCNSL, 38 were initiated on the
transplantation-eligible protocol, of whom 30 underwent successful ASCT, and 26 were deemed transplantation-
ineligible, of whom only 7 completed the transplantation-ineligible HDMTX-based protocol. For the transplanta-
tion-eligible and -ineligible cohorts, the projected 3-year overall survival (OS) rates were 83.8% and 14.3% and
progression-free survival (PFS) rates were 78.1% and 0%, respectively. For the 30 patients who underwent TBu/
ASCT, the 3-year OS and PFS rates were 92.7% and 88.9%, respectively, with no treatment-related mortality or sig-
nificant neurotoxicity. These real-world results highlight the efficacy and tolerability of TBu/ASCT consolidation
for PCNSL in patients young and fit enough for an intensive treatment program, along with the significant need
for improved therapies for older or less fit patients with PCNSL.
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INTRODUCTION
Primary central nervous system lymphoma (PCNSL) is a

rare variant of extranodal diffuse large B cell lymphoma iso-
lated to brain, leptomeninges, and eyes, with an annual inci-
dence of 4 to 5 per million population [1]. Although there is no
consensus regarding the best therapeutic strategy for PCNSL,
serial randomized phase II trials suggest that the backbone of
induction therapy should include high-dose methotrexate
(HDMTX), cytarabine, and possibly rituximab [2]. Whole-brain
radiotherapy (WBRT) is active against PCNSL but does not offer
long-lasting remission when used alone [3] and leads to signif-
icant neurotoxicity when used following HDMTX-based
induction, especially in patients age >60 years. The G-PCNSL-
SG1 trial demonstrated that WBRT consolidation after
HDMTX-based chemotherapy does not significantly prolong
overall survival (OS) but increases neurotoxicity [4-6]. There-
fore, PCNSL protocols that omit WBRT are appropriate.

Several retrospective series, as well as single-arm and ran-
domized controlled phase II trials have demonstrated approxi-
mately 40% to 50% long-term progression-free survival (PFS)
when high-dose chemotherapy and autologous stem cell trans-
plantation (ASCT) is used for relapsed/refractory PCNSL [7], and
approximately 60% to 85% PFS when used as first remission con-
solidation, with low rates of neurotoxicity [8,9]. In November
2011, the Alberta Hematology Tumor Team established a new
clinical practice guideline (CPG) for PCNSL involving HDMTX/
cytarabine-based induction followed by ASCT for eligible
patients using a thiotepa and busulfan (TBu) conditioning
regimen, without cyclophosphamide. The decision to omit
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cyclophosphamide was based on its poor central nervous sys-
tem (CNS) penetration of only 20% [10], and the hypothesis that
its elimination would decrease transplantation-related mortal-
ity without compromising efficacy. Transplantation-ineligible
patients were to receive HDMTX/cytarabine induction, followed
by standard-dose ifosfamide consolidation. Rituximab was
added to induction chemotherapy in 2016. This institution-
specific protocol was followed at Alberta tertiary provincial
cancer centers in Calgary and Edmonton, and subsequently also
in Quebec City beginning in 2016.

The objectives of this retrospective study were to analyze
all consecutively diagnosed PCNSL patients in Alberta and Que-
bec City from November 2011 to December 2017 to evaluate
adherence to the 2011 CPG, its associated outcomes, and to
assess the safety of omitting cyclophosphamide from the thio-
tepa, busulfan, and cyclophosphamide (TBC) conditioning regi-
men that was used in Calgary before 2011.

METHODS
Patient Selection and Data Collection

This multicenter retrospective quality improvement project analyzed all
HIV-negative patients in Alberta and Quebec City who were newly diagnosed
with primary CNS lymphoma. In Alberta, the included patients were diagnosed
between November 2011 and December 2017, reflecting the time when
Alberta CPGs recommended TBu consolidation for ASCT-eligible patients. Que-
bec City began following the protocol on February 2, 2016, so these patients
were included from February 2016 to December 2017. All consecutively diag-
nosed PCNSL patients were identified using provincial and local cancer regis-
tries, and all patients provided written informed consent before proceeding
with ASCT. In Alberta, PCNSL patients are typically treated at the tertiary aca-
demic centers in Calgary and Edmonton, and ASCT is performed only at these
centers. Electronic medical records were reviewed to gather patient data,
including patient and tumor characteristics, treatment, transplantation-specific
data, objective response, reported toxicities, and survival.

Protocol
Patients age <65 years with no serious comorbidities were identified as

“transplantation-eligible,” and those who were age �65 years or who had a
serious comorbidity were identified as “transplantation-ineligible.” Transplant
eligibility was in keeping with the Alberta Bone Marrow and Blood Cell Trans-
plant Standard Practice Manual [11]. The patients deemed transplantation-
eligible received a 3-step induction regimen. The first step consisted of 2 doses
of methotrexate 3.5 g/m2 i.v. on days 1 and 15; rituximab 375 mg/m2 on days
0, 4 and 14; and procarbazine 100 mg/m2 on days 1 to 7. Cytarabine 3 g/m2

and rituximab were given with step 2, followed by stem cell immobilization
and collection. Step 3 consisted of 2 cycles of methotrexate, cytarabine, and rit-
uximab. Of note, rituximab was added to the induction protocol in 2016. The
ASCT conditioning regimen consisted of thiotepa 300 mg/m2i.v. on days -5 and
-6 and busulfan 3.2 mg/kg i.v. on days -4 to -2 (Figure 1). Transplantation-
ineligible patients received methotrexate 3.5 g/m2 and cytarabine 2 g/m2,
followed by ifosfamide 2 g/m2 consolidation (Figure 2).
Figure 1. Transplantation-eligible protocol. All transplantation-eligible patients wer
maximum AUC of 4500 mmol min L-1 in Calgary and Quebec, where pharmacokinetics
Statistics
Primary outcomes of interest included OS and PFS in all patients with

PCNSL, as determined by the Kaplan-Meier method. OS was defined as time
in months from diagnosis to time of death from any cause or last follow-up as
of August 2018. PFS was defined as the time in months from diagnosis to dis-
ease relapse/progression, death, or last follow-up as of August 2018.
Response assessments were determined using the criteria established by the
International PCNSL Collaborative Group [12]. Data were analyzed with
GraphPad Prism version 8.0.0 for Windows (GraphPad Software, La Jolla, CA;
www.graphpad.com).
RESULTS
Patient Characteristics

In total, 64 patients from Alberta and Quebec City were
diagnosed with PCNSL between November 2011 and Decem-
ber 2017. Baseline patient characteristics are summarized in
Table 1. The median age of patients was 63 years, and the
median Eastern Cooperative Oncology Group (ECOG) score
was 2. The calculated Hematopoietic Cell Transplantation
Comorbidity Index (HCT-CI) is included in Table 1, but is likely
an underestimate, because some of the data included in the
HCT-CI were not available. The median International Extrano-
dal Lymphoma Study Group (IELSG) PCNSL prognostic score
was 2. Thirty-eight patients were deemed transplantation-
eligible at the time of diagnosis, and 26 were deemed trans-
plantation-ineligible. One of the 38 transplantation-
eligible patients was age >65 years. Of the 26 patients deemed
transplantation-ineligible, 19 were considered so by virtue of
age (median age, 73 years; range, 65 to 85 years) and 7 because
of significant comorbidities (median age, 64 years; range, 61 to
64 years). These comorbidities included the diagnosis of
another concurrent cancer, congestive heart failure with ejec-
tion fraction <30%, lung disease, and an ECOG score of 4 at
baseline. All patients had diffuse large B cell lymphoma.
ASCT Data
Of the 38 patients who were considered potentially trans-

plantation-eligible at diagnosis, 30 (79%) ultimately underwent
ASCT (Table 2). Of the 38 patients, 35 had rituximab included in
their induction regimen. Reasons for not undergoing ASCT were
progression during induction (n = 2), poor ECOG score (n = 2),
patient refusal (n = 1), and severe toxicities during induction
(n = 3), including 1 death due to infection. No patients were
excluded from ASCT owing to poor stem cell mobilization. The
median time to transplantation was 4.0 months from diagnosis.
The median number of CD34+ hematopoietic stem cells
e treated according to this protocol. Busulfan doses were targeted to achieve
were measured.
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Figure 2. Transplantation-ineligible protocol. All transplantation-ineligible patients followed this protocol.

Table 1
Baseline Patient Characteristics

Characteristic All Patients
(N = 64)

Transplantation-Eligible
(N = 38)

Transplantation-Ineligible
(N = 26)

Age at diagnosis, yr, median (range) 63 (39.2-84.8) 58 (39.2-68.7) 71 (61.4-84.8)

Age >60 yr, n (%) 38 (59.4) 13 (34.2) 26 (100)

ECOG score at diagnosis, n (%)

0-1 26 (40.6) 15 (39.5) 11 (42.3)

2 24 (37.5) 16 (42.1) 8 (30.8)

3-4 14 (21.9) 7 (18.4) 7 (26.9)

KPS score <70%, n (%) 38 (59.4) 23 (60.5) 15 (57.7)

HCT-CI score, n (%)

0 34 (53.0) 23 (60.5) 11 (42.3)

1 8 (12.5) 8 (21.1) 0 (.0)

2 6 (9.4) 2 (5.3) 4 (15.4)

3 8 (12.5) 4 (10.5) 4 (15.4)

4 6 (9.4) 1 (2.6) 5 (19.2)

5 2 (3.1) 0 (.0) 2 (7.7)

Elevated LDH, n (%) 9 (14.1) 4 (10.5) 5 (19.2)

Deep brain involvement, n (%) 39 (60.9) 24 (63.1) 15 (57.7)

Elevated CSF protein, n (%) 25 (39.1) 16 (42.1) 9 (34.6)

No LP done, n (%) 26 (40.6) 14 (36.8) 12 (46.2)

IELSG prognostic score, n (%)

Low risk (0-1) 18 (28.1) 13 (34.2) 5 (19.2)

Intermediate risk (2-3) 38 (59.4) 22 (57.9) 16 (61.5)

High risk (4-5) 8 (12.5) 3 (7.9) 5 (19.2)

Center of treatment, n (%)

Calgary, AB 25 (39.1) 16 (42.1) 9 (34.6)

Edmonton, AB 19 (29.7) 12 (31.6) 7 (26.9)

Lethbridge, AB 1 (1.5) 0 (.0) 1 (3.8)

Quebec City, QC 19 (29.7) 10 (26.3) 9 (34.6)

Immune suppression drugs, n (%) 6 (9.4) 5 (13.2) 1 (3.8)

DLBCL, n (%)

By histology 61 (95.3) 36 (94.7) 25 (96.2)

By CSF cytology 3 (4.7) 2 (5.3) 1 (3.8)

Craniotomy and resection, n (%) 20 (31.3) 12 (31.6) 8 (30.8)

This table compares baseline characteristics of included patients. Fisher’s exact p value comparing ASCT-eligible and -ineligible groups for IELSG prognostic risk
groups was P = .27, suggesting no statistically significant difference among high-risk, intermediate-risk, and low-risk patients at baseline between the 2 groups.
CSF indicates cerebrospinal fluid; DLBCL, diffuse large B cell lymphoma.
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reinfused was 8.5£ 106/kg, and all patients achieved prompt
hematopoietic recovery, with a median duration of hospitaliza-
tion of 21.5 days. The most common complications of
transplantation were infectious, with 22 patients with grade 3-4
febrile neutropenia and 9 patients developing bacteremia (4 of
9 were gram-negative organisms). Three patients had



Table 2
Outcomes of Transplantation-Eligible Patients

Characteristic Transplantation-Eligible
Patients (n=38)

Transplantation-eligible

Underwent ASCT 30 (78.9%)

Did not complete ASCT

Declined ASCT 1 (2.6%)

Progression during induction 2 (5.3%)

Poor ECOG score 2 (5.3%)

Toxicity preventing ASCT 2 (5.3%)

Death due to infection before ASCT 1 (2.6%)

Transplantation data

Median hospital stay, d 21.5

Median time to ANC >.5£ 109/L, d 10

Median time to platelet count >100, d 14

Median follow-up, mo 19.7

3-year PFS, %

All transplantation-eligible 78.1

Transplantation received 92.7

3-year OS, %

All transplantation-eligible 83.8

Transplantation received 88.9

Grade 3-4 toxicity during ASCT, n (%)

Febrile neutropenia 21 (70.0)

Bacteremia 9 (30.0)

Mucositis 4 (13.3)

Neurotoxicity 0 (.0)

Transplantation-related mortality 0 (.0)

Figure 4. OS and PFS of patients with PCNSL who received TBu/ASCT. The OS
and PFS for the 30 patients who underwent successful ASCT were 88.9% and
92.7%, respectively.
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enterocolitis (10%). The most common grade 1-2 toxicities were
stomatitis (57%) and skin rash (17%). There were no treatment-
related deaths, intensive care unit admissions, seizures,
episodes of veno-occlusive disease, or neurotoxicity post-
transplantation.
Response and Survival Outcomes
The median duration of follow-up for the 39 surviving

patients was 24.1 months (range, 6.8 to 84.1 months). For all
64 patients included in the study, the projected 3-year PFS was
48.3%, and the projected 3-year OS was 55.9%. The median
Figure 3. OS and PFS of patients with PCNSL according to eligibility for ASCT protoco
transplantation-eligible were 78.1% and 83.8%, respectively. For the transplantation- in
was 14.3%.
time to death for the 25 deceased patients was 5.3 months
(range, .4 to 67.7 months).

The projected 3-year PFS and OS rates were 78.1% and
83.8%, respectively, for the 38 patients who were initially
deemed transplantation-eligible and 88.9% and 92.7%, respec-
tively, for the 30 patients who successfully underwent ASCT
(Figures 3 and 4). Following induction, 13 of 38 patients
achieved a complete remission (CR) or unconfirmed complete
remission (CRu), and 20 of the 38 achieved partial remission
(PR). Following transplantation, 20 of the 30 patients had
achieved CR, 7 had achieved PR, and 3 were of unknown status.
Two patients experienced late relapse; 1 relapsed at 48 months
and was salvaged with methotrexate, cytarabine, thiotepa, and
rituximab (MATRix regimen), and the other relapsed at 60
months and went on to receive radiation treatment.

For the transplantation-ineligible patients, the projected
3-year PFS was 0% and the projected 3-year OS was 14.3%. Of
those 26 patients, 5 were palliated at time of diagnosis without
chemotherapy or radiation, and 1 received WBRT alone. Of the
20 patients who started HDMTX/ARA-C-based non-ASCT ther-
apy, only 7 completed the full protocol, and none of these
7 achieved 3-year PFS. The remaining patients did not complete
the protocol due to lymphoma progression (n = 7), regimen-
related toxicity (n = 3), patient/physician preference (n = 2), or
comorbid disease (n = 1). Of the 7 patients who completed the
protocol, 6 achieved CR or CRu and 1 had progressive disease.
l. The 3-year PFS and OS rates for the 38 patients who were initially deemed
eligible patients, the projected 3-year PFS was 0% and the projected 3-year OS
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DISCUSSION
This report describes the characteristics and outcomes of a

consecutively diagnosed series of 64 patients with PCNSL
treated according to the November 2011 Alberta clinical prac-
tice guideline, which included consolidation therapy using
high dose TBu conditioning and ASCT for transplantation-
eligible patients. This retrospective real-world quality
improvement study found that 59% of all patients were initially
deemed suitable to receive the transplantation-eligible proto-
col, of whom 79% eventually underwent TBu/ASCT, achieving a
projected 3-year PFS rate of 78.1%. Unfortunately, the pro-
jected 3-year PFS was 0% for the 26 patients who were initially
deemed transplantation-ineligible. These results, along with
the fact that only 7 of the 26 patients (26.9%) completed the
transplantation-ineligible protocol, strongly suggest that sequen-
tial intensive HDMTX and cytarabine combination therapy is not
effective, tolerable, or feasible for most transplantation-ineligible
patients in the real world.

Our study is limited by its relatively small sample size and
retrospective design without a concurrent control arm. How-
ever, the objective of the study was to evaluate adherence to
and corresponding outcomes of the Alberta November 2011
clinical practice guideline for PCNSL. This guideline recom-
mended different treatment strategies for transplantation-eligi-
ble and -ineligible patients based on age and comorbidities.
Nevertheless, the outcomes are susceptible to selection bias
owing to the initial interpretation of transplantation-eligible
status by treating physicians. Indeed, survival within the trans-
plantation-ineligible group declined rapidly within the first 6
months of diagnosis, perhaps suggesting that these patients
were frailer. In addition, our transplantation-eligible patients
had relatively low HCT-CI scores, which may have had an
impact on the low associated toxicity with the TBu regimen,
given that the TBC regimen has been associated with greater
toxicity [13]. Of note, rituximab was not added to the induction
regimen until 2016. Although the IELSG-32 study results suggest
that omitting rituximab from induction may have adversely
impacted our results [14], the recently reported results of the
HOVON 105/ALLG NHL 24 phase III trial found that 6 doses of
rituximab did not improve the overall response rate, CR rate, or
long-term outcomes when added to HDMTX-based induction
therapy in 199 randomized patients with PCNSL [15].

Strengths of this multicenter real-world study include a
consecutive series of patients, with no exclusions for age,
comorbidities, or performance status. In addition, the report
not only includes Albertan PCNSL patients treated in Calgary
and Edmonton, but also patients treated at a third city in the
province of Quebec.

Our results are consistent with those from several other
retrospective and prospective phase II trials that suggest an
important role for high-dose consolidation therapy and ASCT
for PCNSL. Two recently reported randomized phase II trials
are particularly relevant to this discussion: the IELSG-32 trial
and the PRECIS trial.

In the IELSG-32 trial, the two goals were to identify the
most effective induction regimen and to assess consolidation
with either ASCT or WBRT [16]. The authors concluded that
MATRix induction followed by ASCT should be considered the
new standard of care therapy for PCNSL, based on a 4-year OS
of 67% in all MATRix recipients and less toxicity in those
patients receiving ASCT rather than WBRT. Of note, however,
although the 4-year OS was 67% in all MATRix patients, it was
84% in the 47 patients who received consolidation, compared
with only 39% in the 28 patients who did not receive consoli-
dation. Although based on the results of a fairly large
prospective randomized phase II trial, this conclusion is per-
haps overstated. Only 54% of the initial 219 patients proceeded
to the second randomization evaluating consolidation therapy.
The study report did not clearly explain why consolidation
rates were >20% lower than the overall response rate follow-
ing induction; however, the reasons patients why did not pro-
ceed to consolidation were distributed fairly equally among
poor response to induction and toxicity, refusal, and poor stem
cell mobilization. Our study as well as previous reports suggest
a transplantation rate of approximately 80% after other, less-
intensive induction regimens based on HDMTX-rituximab. If a
goal of PCNSL therapy is to optimize ASCT rates, subjecting
patients to toxicity of highly intensive induction therapy may
not be the best overall strategy. Indeed, the 4-year OS of 64% in
the MATRix arm of IELSG-32 is inferior to that reported in our
study, and to other studies that used less-intensive induction,
but still achieved higher transplantation rates.

The second recently reported randomized phase II trial was
the PRECIS study, comparing consolidation therapy with WBRT
to TBC and ASCT. Following identical induction therapy in both
arms, the PRECIS trial reported a 2-year PFS of 86.8% (95% confi-
dence interval [CI], 76.6% to 98.3%) for patients who received
TBC/ASCT compared with 63.2% (95% CI, 49.5% to 80.5%) for
those who received WBRT. The CR rate improved from 45% pre-
ASCT to 82% post-ASCT [17]. We previously reported a 5-year
PFS rate of only 44% using TBC/ASCT consolidation after initial
induction therapy for 21 patients with PCNSL in Alberta, includ-
ing 3 patients who experienced early nonrelapse mortality
(NRM) [18]. Early post-TBC/ASCT NRM was 2.6% in the PRECIS
study, and early post-thiotepa/carmustine NRM was 3.4% in the
IELSG-32 study. In contrast to these results, no patient experi-
enced early post-TBu/ASCT NRM or major organ toxicity in our
real-world study, despite the fact that efficacy seemed well pre-
served, with a projected 3-year PFS rate of 87.5% for the
30 patients who received TBu/ASCT. The lower toxicity of TBu
relative to TBC is expected, in view of the fact that TBu not only
omits cyclophosphamide, but also reduces the total dose of thio-
tepa from 750 mg/m2 to 600mg/m2.

Our transplantation-ineligible PCNSL patients experienced
dismal outcomes, regardless of whether or not they completed
the protocol. One option to improve their outcome would be
to extend the age limit for ASCT from 65 years up to 70 years.
A recent study of ASCT in patients age >65 years suggests that
a thiotepa-based ASCT is safe and effective in selected elderly
patients, with a 2-year PFS of 80% reported for 15 patients who
underwent transplantation in first response [19]. Perhaps
these elderly patients would further benefit from TBu, which is
a slightly reduced-intensity conditioning protocol relative to
other options for PCNSL. The number of cycles and intensity of
pre-ASCT induction therapy should be kept relatively low,
however, considering that few of our patients tolerated
HDMTX/cytarabine. These patients likely would be unable to
tolerate 4 cycles of MATRix induction. Novel agents for PCNSL
include BTK inhibitors, immunomodulatory agents, checkpoint
inhibitors, m-TOR inhibitors, and PI3K inhibitors [20]. These
novel agents offer the potential to improve outcomes in PCNSL,
particularly in transplantation-ineligible patients [21]. Further
data are needed to assess how to incorporate these agents into
upfront treatment, particularly for older or unfit patients.

In conclusion, patients with newly diagnosed PCNSL who are
transplantation-eligible should receive well-tolerated induction
aimed at improving performance status, obtaining some tumor
response, and optimizing stem cell mobilization and ASCT rates.
For these patients, we have demonstrated that a TBu condition-
ing regimen is relatively safe and effective. Ideally, a prospective
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randomized trial comparing TBu to TBC or thiotepa/carmustine
will be done in the future. Further research is also needed to
investigate how best to treat patients who are elderly or trans-
plantation-ineligible and how to incorporate effective novel
agents in a concurrent or sequential design, and to determine
whether decreasing the intensity of induction is associated with
improved overall outcomes, perhaps by omitting HDMTX in
MATRix or using fewer than 4 cycles of MATRIX.
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