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Primary central nervous system lymphoma (PCNSL) is an
aggressive and rare form of extranodal non-Hodgkin lym-
phoma that occurs in the brain, spinal cord, eyes, or cerebro-
spinal fluid [1], with highest incidence in patients over 65 [2].
Poor performance status at diagnosis often impedes enroll-
ment in clinical trials. Thus, therapeutic recommendations are
based on a few randomized trials, single-arm phase II trials,
and retrospective studies. There is no uniform consensus on
the optimal treatment strategy for PCNSL patients.

In general, experts in the field agree that treatment of
PCNSL consists of induction and consolidation. Induction con-
sists of high-dose methotrexate (HD MTX)-based chemother-
apy regimens [3] because of high penetration of the
blood�brain barrier at doses > 1.5 g/m2 [4,5] Single-agent HD
MTX resulted in overall response rates (ORR) of 35% to 74%,
median progression-free survival (PFS) of 10 to 13 months,
and median overall survival (OS) of 25 to 55 months [6�8].
Over time, various chemotherapy agents were combined with
MTX. The IELSG32 trial randomized patients to HD MTX/cytar-
abine (arm A), HD MTX/cytarabine/rituximab (arm B), and HD
MTX/cytarabine/rituximab/thiotepa (arm C) [9]. The addition
of rituximab improved ORR to 73% from 53%, complete remis-
sion (CR) to 30% from 23%, and 2-year PFS to 46% from 36% [9].
Thiotepa further improved ORR to 86%, CR to 49%, and 2-year
PFS to 61% [9].

Consolidation strategies mainly consists of whole brain
radiation (WBRT) or high-dose chemotherapy (HDT) followed
by autologous stem cell transplant (ASCT). When HD MTX was
combined with WBRT, high response rates of 70% to 94% were
observed with 5-year survival of 30% to 50% [10�15], but high
rates of neurotoxicity were also observed [16,17]. A random-
ized trial of HD MTX with or without WBRT of 45 Gy
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demonstrated that althoughWBRT improved 2 year PFS to 43%
(versus 31%), 49% (versus 26%) experienced neurotoxicity
without differences noted in OS (32 versus 37 months) [18].
Thus, there has been a trend to omit WBRT.

An emerging consolidative approach is HDT-ASCT, espe-
cially in patients with chemosensitive disease who achieve a
CR or partial remission. Several conditioning regimens have
been studied, but small numbers of patients and variable use
of radiation have produced various outcomes that can be diffi-
cult to interpret. Thus, no consensus exists as to which is the
optimal conditioning regimen.

Although thiotepa containing regimens have always been
believed to be superior in PCNSL, Japanese physicians encoun-
tered an obstacle when thiotepa became unavailable in Japan
in 2011, prompting development of thiotepa-free regimens.
Kondo et al. [19] demonstrated in their retrospective analysis
of 102 PCNSL patients treated with HDT-ASCT either in the
upfront or relapsed setting, HDT with thiotepa was an essential
ingredient because it remained an independent prognostic
factor for improved PFS (hazard ratio, .42; 95% confidence
interval, .19 to .95). Additionally, 5-year PFS was 65.7% in
thiotepa-based regimens versus 31.8% in those without.

Although there are no randomized trials comparing condi-
tioning regimens for HDT-ASCT, nonthiotepa regimens have
yielded disappointing results. Although most trials with BEAM
containedWBRT and intrathecal chemotherapy, a radiotherapy-
free phase II trial at Memorial Sloan Kettering yielded median
event-free survival of 9 months and 57% of transplanted
patients relapsing within 6 months [20]. These discouraging
outcomes are likely due to low central nervous system penetra-
tion rates [21]. Equally disheartening results are seen with
BUCYE (busulfan, cyclophosphamide, etoposide) used in 11
patients after HD MTX/cytarabine induction [22]. Although all
patients achieved CR before HDT-ASCT, 6 of 8 patients relapsed
after 1 year, and median event-free survival was 15 months
[22]. Another small study of 13 patients with PCNSL underwent
methotrexate/vincristine/procarbazine (MVP)/HD cytarabine
induction with less than half proceeding to LEED HDT-ASCT
(cyclophosphamide, etoposide, melphalan, dexamethasone)
resulting in 3-year OS of 80% [23]. However, small numbers and
use of WBRT in over half of the patients make results difficult to
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interpret and may partly explain why the relapse rate was
higher in the cohort seen in the study by Kondo et al. [19] than
that by Miyao et al. [23].

In contrast to BEAM or BUCYE, thiotepa has excellent cen-
tral nervous system penetration with cerebrospinal fluid levels
greater than 80% [21] and has been combined with busulfan,
cyclophosphamide, and carmustine in different conditioning
regimens. BCNU-thiotepa has been shown to be active with 5-
year OS of 87% in 1 German phase II study [24], and no patients
died of toxicity. Additionally, CR increased to 85% after ASCT
from 31% after induction, resulting in 3-year OS of 77% in
another phase II study and suggesting high central nervous
system penetration and activity of this combination [25].
Unlike the LEED trial, CR resulted in long remissions without
the use of WBRT [25]. Other studies with busulfan and thiotepa
have resulted in good PFS and OS of 81% at 41 months [26] and
high response rates of 83% [27], but it has been associated with
high treatment-related mortality of 10% to 24% [26,28�31].

The PRECIS study demonstrated that thiotepa containing
HDT ASCT preserved or improved cognitive function when
compared with radiation [31]. ASCT resulted in superior event-
free survival at 87% (versus 69% for WBRT) but high treatment-
related mortality at 11%. OS was similar in both groups: 64%
and 66% at 4 years for WBRT and ASCT, respectively. This was
a result of ASCT offered to a significant portion of patients in
the WBRT arm and the high treatment-related mortality of
ASCT. This highlights the need for future studies to find the
optimal thiotepa conditioning regimen that balances efficacy
with safety in transplant-eligible patients.
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