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ABSTRACT

Whole brain radiotherapy (WBRT) has long been a key treatment of newly diagnosed primary central nervous system lym-
phoma (PCNSL). In the 1990s, the addition of high dose Methotrexate-based induction chemotherapy (HD MTX-based CT)
has enabled a drastic improvement in PCNSL patients outcome. However, combined treatment has led to radiation-induced
delayed neurotoxicity, especially in older patients. Alternative treatment strategies have been assessed to improve the effi-
cacy and neurotoxicity ratio. Nowadays, in the elderly patients WBRT is widely omitted or deferred, and in younger patients
WBRT is challenged by high dose chemotherapy with autologous stem cell transplant (HCT-ASCT) for consolidation treat-
ment after HD MTX-based CT. In this setting, this review is addressed to clinicians with the aim to summarize the role of WBRT
in the treatment of newly diagnosed PCNSL and its perspectives.
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Introduction

Primary central nervous system lymphoma
(PCNSL) is a rare aggressive non-Hodgkin’s lym-
phoma confined to the brain, spine, eyes and lep-
tomeninges. Historically, the treatment of newly
diagnosed PCNSL was based on whole brain ra-
diotherapy (WBRT) alone, and while objective re-
sponses occurred in the large majority of cases, du-
rable responses were rare and outcomes poor [1].

In the 1990s, the introduction of high dose in-
travenous methotrexate-based chemotherapy (HD
MTX-based CT) prior to WBRT significantly in-

creased median overall survival (OS) [2]. Consen-
sus supported by several non-randomized clinical
trials has long been a multimodal regimen (HD
MTX-based CT followed by a WBRT as consoli-
dation treatment) which resulted in median overall
survival (OS) of 30 to 50 months [2-4]. However,
it has exposed the patients to a substantial risk of ra-
diation-induced neurotoxicity when administered at
standard doses (= 40 Gy), especially in older patients
[5, 6]. Widely accepted uses of cerebral irradiation in
PCNSL treatment are exclusive therapy when che-
motherapy (CT) is contraindicated and an optional
salvage therapy in relapsing patients after first line
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treatment. Major controversy exists in the setting
of consolidation radiotherapy (RT) after induction
HD MTX-based CT, where clinical benefit is coun-
terbalanced by neurotoxicity risk [7]. An illustration
of this ongoing controversy is the recently published
clinical case in the “gray zone” section of the interna-
tional journal of radiation oncology-biology-physics
[8]. Here, we will review several alternative strate-
gies that have been investigated in order to optimize
treatment efficacy and tolerance and discuss the per-
spectives of radiation therapy in the management of
newly diagnosed PCNSL.

Materials and methods

Search terms were generated by defining pop-
ulation/participants, intervention, comparison,
outcome and study design (popularly abbreviated
PICOS) [9]. Eligibility criteria were review arti-
cles or prospective or retrospective studies analyz-
ing RT in newly diagnosed PCNSL. The exclusion
criteria were as follows: case report, articles not
written in English or French. References were re-
trieved from the database MEDLINE via PubMed.
The following terms were used: “Primary central
nervous system lymphoma” AND “radiotherapy”
The titles and abstracts of articles retrieved using
the search strategy were screened to identify arti-
cles that potentially met the inclusion criteria. We
did not define a starting date and stopped search-
ing on October 19, 2021. The titles and abstracts
of the articles retrieved through the search strategy
were independently reviewed by two reviewers to
identify articles likely to meet the inclusion crite-
ria described above. By checking the references of
these articles, other articles were considered eligi-
ble for our review.

Where applicable, the weight of the articles (high,
intermediate or low) was determined according to
the classification of the recommendations for clini-
cal practice guidelines [10].

Overview of the indication
and implementation of cerebral
irradiation in the treatment of PCNSL

Historical evolution of cranial irradiation
as a treatment of PCNSL
Before 1990, the treatment of PCNSL was based
on WBRT and corticosteroids. The radiation dos-

es were heterogeneous and radiation portals used
ranged from local field to whole brain. Although
it succeeded in most cases in achieving remission,
relapses occurred rapidly and survival was poor.
Radiation doses of 20-55 Gy (median dose 40 Gy)
were reported to produce median OS of 24 months
[11] and 42 months [12]. The RTOG 8315 phase
IT study — the only prospective trial investigat-
ing RT alone in PCNSL — evaluated the benefit
of a dose escalation strategy, including 41 patients
treated with a WBRT to 40 Gy and a 20 Gy boost
to tumor. Although complete or almost complete
response (disappearance of the tumoral lesion on
the post treatment brain scanner, 4 months after
the start of RT) was observed in 81% of patients,
median OS was limited to 11.6 months, and 5-year
OS was below 5%. In patients older than 60 years,
survival was even lower with a median OS of
7.6 months. Moreover, despite the 20 Gy boost to
the original tumor site, it remained the predomi-
nant site of failure [1].

De Angelis et al. showed that systemic
MTX-based CT followed by a cranial irradiation
(40 Gy WBRT plus a 14 Gy boost) and high dose
(HD) Cytarabine allowed a prolonged time to re-
currence when compared to systemic MTX-based
CT alone (41 months vs. 10 months, p = 0.003)
and a trend to prolonged survival (42.5 months
versus 21.7 months, p = 0.22) [2]. Subsequent clin-
ical trials have also suggested that preirradiation
CT produces prolonged disease-free and overall
survival [3, 4]. A combined treatment with system-
ic MTX-based CT followed by WBRT has conse-
quently been considered the standard of care [2-4].
However, a randomized phase III clinical trial
comparing survival rates of patients treated with
the combined treatment compared with patients
treated with WBRT alone is lacking.

WBRT field limits

Optic nerves and retinas are histologically con-
sidered part of the CNS, and 11.5 to 15% of relapses
occur in the ocular globes [13, 14]. Rare cases of
optic nerves relapses have been reported in PCNSL
patients without any initial ocular involvement
[15]. Although a controlled clinical trial regarding
the question of ocular irradiation in the treatment
of PCNSL is lacking, these observations suggest
an inclusion of the posterior part of the orbits
and optic nerves in WBRT fields.
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Regarding cervical limits, treatment field design
for WBRT historically involves 2 parallel opposed
fields with the inferior field edge set at C1 or C2
with at least 2 cm of flash posteriorly and superiorly
[16]. More recently, guidelines have recommend-
ed the inferior limit of the WBRT clinical target
volume (CTV) at the skull-Cl1 junction with 3 to
5 mm margins to delineate the planning target vol-
ume (PTV) [17].

Table S1 (Supplementary File) describes the im-
plementation of ocular irradiation and cervical lim-
its applied in the largest and most recent random-
ized trials involving PCNSL patients treated with
a WBRT, and the published guidelines regarding
these limits of WBRT fields in patients with newly
diagnosed PCNSL.

Radiation-induced neurotoxicity

The drawback of the combined treatment is
an increased risk of delayed neurotoxicity, especial-
ly in patients older than 60 years old [5, 6]. A ret-
rospective review included 183 patients treated for
a PCNSL, among whom 129 patients were treated
with WBRT (doses ranging from 36 to 59.4 Gy)
and 152 patients with HD MTX-based regimens
(111 patients were treated with a combined treat-
ment consisting of HD MTX-based CT followed by
WBRT). The cumulative incidence of neurotoxicity
was 25% at 2 years and 30% at 5 years. Neurotoxicity
was defined as neurologic deterioration following
treatment for PCNSL that was not caused by tumor
recurrence or another identifiable cause. Univar-
iate analysis found age (= 60 years), sex (female),
presence of mental status abnormalities (cognitive,
psychiatric) at PCNSL diagnosis and WBRT to be
statistically significant risk factors for the develop-
ment of neurotoxicity. In the multivariate analysis,
only WBRT remained a significant risk factor of
neurotoxicity [6].

Radiation-induced cerebral neurotoxicity is
known to depend on the total dose of irradiation,
dose per fraction, volume of irradiated brain tis-
sue, associated systemic treatments (medications),
age and patient’s background (genetic, vascular).
Radiation-induced neurotoxicity described after
WBRT is clinically defined as a progressive sub-
cortical dementia: psychomotor slowing, executive
and memory dysfunction, behavioral changes, gait
ataxia, and incontinence. Symptoms are irrevers-
ible and, at present, no treatment has shown effi-

cacy at resolving them. Imaging findings show dif-
fuse white matter disease and cortical-subcortical
atrophy. Available autopsy data show white matter
damage with gliosis, thickening of small vessels,
and demyelination [18]. This clinical, radiological
and histological description corresponds to radi-
ation-induced leukoencephalopathy [19]. Several
independent experiments provided preliminary
evidence that Amifostine might play a role in
the prevention of radiation-induced neurotoxicity
[20]. A randomized controlled trial showed that
Memantine significantly delayed time to cognitive
decline and reduced the rate of decline in memo-
ry, executive function, and processing speed in pa-
tients with brain metastases receiving WBRT [21].
A phase III randomized controlled trial in adult
brain tumor survivors > 6 months after partial or
whole-brain irradiation showed that a treatment
with Donepezil resulted in modest improvements
in several cognitive functions [22]. However, no
pharmacological intervention has shown robust
evidence of efficiency in the prevention or man-
agement of radiation-induced leukoencephalop-
athy. Therefore, the role of WBRT at 40 to 50 Gy
doses as consolidation treatment of newly diag-
nosed PCNSL is currently controversial because,
although it is efficient, delayed neurotoxicity lim-
its its acceptance as a standard of care. Alternative
treatment strategies have been assessed to improve
the therapeutic ratio.

Table 1 summarizes the characteristics and sur-
vival outcomes of various schemes of consolida-
tion treatment given after immuno- and chemo-
therapies.

Table 2 summarizes the characteristics and treat-
ment-induced toxicities of various schemes of con-
solidation treatment given after immuno- and che-
motherapies.

Alternative strategies to WBRT as
consolidation in first line treatment
of PCNSL

Removing or deferring WBRT
In 2000, an unrandomized study compared
the outcome and neurotoxicity of older patients (>
60 years old) treated either with HD MTX-based
CT alone (22 patients) or with the same HD
MTX-based CT and a 45 Gy WBRT (12 patients).
Median OS was similar with or without the addi-
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Table 1. Characteristics and survival outcomes of various schemes of consolidation treatments given after immuno-chemotherapies

Consolidation Reference Number Weight Description
treatment of patients of article of the irradiation
Thiel et al.,, _ . Median: Median:
2010 [24] n=164 High 11.9 months 37.1 months
None Ekenel et al Med Med
enel et al,, _ . edian: edian:
2008 [27] n=122 | Intermediate 15 months 39 months
H°2“(;'1"§r[§;]a"’ n=066 High WBRT 40 Gy (2 Gy/fr) 2-year PFS:58% | 2-year OS:75%
Ferrerietal,, . TSy
2017 [30] n=>59 High (1.8 Gy/fr) = boost 9 Gy 2-year PFS: 76% 2-year 0S: 82%
(1.8 Gy/fr)
WBRT 26 Gy
h ) cal (2 Gy/fr) + boost 28 Gy
e';%ﬂ'; r[ZSZT i n=53 Intermediate (2 Gy/fn 2-year PFS: 67% 2-year 0S: 82%
OR
WBRT 40 Gy (2 Gy/fr)
WBRT
If CR: WBRT 23.4 Gy
Morris et al., - T (1.8 Gy/fr) Median: Median:
2013 [32] - 9 if not: WBRT 45 Gy 40 months 80 months
(1.8 Gy/fr)
Lesueur et al., _ . If CR: WBRT 23.4 Gy o . o
2019 [63] n=27 Intermediate (1.8 Gy/fr) 2-year PFS: 65% 2-year 0S: 90.5%
Tzho'f'oe[tzi']" n=154 High WBRT 45 Gy (1.5 Gy/fr) Median: 18.3 Median: 32.4
M';g'zn(’)a[:;]a"' n=62 High WBRT 30 Gy + boost 10 Gy | 2-year PFS:60.6% | 2-year OS: 86.8%
Mishima et al., .
WBRT + TMZ 2020 [44] n =60 High 2-year PFS:49.9% | 2-year OS:71.4%
HOZ“(;':';'[;;]"‘"' n=66 High 2-yearPFS:70% | 2-year OS: 66%
Fezr(;?; E’foa]lq n=>59 High 2-year PFS: 75% 2-year OS: 77%
Median:
Abrey et al., n=14 Intermediate Median: not reached
2003 [64] - 9.3 months (median follow-up:
28 months)
Yoon et al., _ . Median: } . 5
2011 [65] n=11 Intermediate 15 months 2-year OS: 88.9%
HCT-ASCT Illezrgggs[:;]al., n=13 Intermediate 3-year PFS: 77% 3-year OS: 77%
Orznot.;r;) [’;?I" n=32 Intermediate 2-year PFS: 81% 2-year OS: 81%
Montemurro et al., .
2007 [68] n=16 Intermediate 2-year PFS: 56% 2-year 0S: 61%
Y‘;‘(‘)gg ‘[eétg‘;"' n=48 | Intermediate 2-year PFS:95.2% | 2-year OS:95.2%
Sc2h001r;) [‘;to?l" n=>52 Intermediate 2-year PFS: 80% 2-year OS: 80%
DeFilipp et al., _ . 099 o050
2017 [71] n=41 Intermediate 2-year PFS: 92% 2-year 0S: 95%

MTX — methotrexate; PFS — progression free survival; OS — overall survival; CR — complete response; WBRT — whole brain radiotherapy; HCT-ASCT — high
dose chemotherapy with autologous stem cell transplantation; NT — neurotoxicity; NA — not assessed; TMZ — temozolomide; fr — fraction

tion of RT (32 vs. 33 months, respectively), and late
neurotoxicity was significantly more common
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in patients who received WBRT (p < 0.001) [23].
More recently, a phase III non-inferiority study
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Table 2. Characteristics and treatment-induced toxicities of various schemes of consolidation treatments given after
immuno-chemotherapies

Consolidation
treatment

Reference

Number
of patients

Weight
of article

Description
of the irradiation

Toxicity

Thiel et al., _ . Treatment related NT in patients
2010 [24] n=164 High with CR: 9/34
None X
Ekenel et al., . Incidence of NT at 2 years = 4%
n=122 Intermediate .
2008 [27] Incidence of NT at 5 years = 7%
Houillier et al 1/53 toxic deaths
ouillier et al., .
2019 [29] n =66 High WBRT 40 Gy (2 Gy/fr) > 50% of patients had a decline in their
test score after WBRT
Ferreri et al WBRT 36 Gy 0/55 toxic deaths
2017 [30] ’ n=>59 High (1.8 Gy/fr) £ boost 9 Gy Significant impairment in attention
(1.8 Gy/fr) and executive functions after WBRT
WBRT 26 Gy
- ) - (2 Gy/fr) + boost 28 Gy
esz%l;'zer[?i]e & n=53 Intermediate (2 Gy/fr) NA
OR
WBRT WBRT 40 Gy (2 Gy/fr)
If CR: WBRT 23.4 Gy
Morris et al., (1.8 Gy/fr)
! n=>52 High No cognitive impairment after WBRT
2013 [32] 9 if not: WBRT 45 Gy E P
(1.8 Gy/fr)
Lesueur et al,, _ . If CR: WBRT 23.4 Gy e .
2019 [63] n=27 Intermediate (1.8 Gy/fr) No cognitive impairment after WBRT
Thiel et al,, _ ) Treatment related NT in patients
2010 [24] n=154 High WBRT 45 Gy (1.5 Gy/fr) with CR: 22/45
Mishima et al., _ . WBRT 30 Gy * boost
2020 [44] n=62 Al 10 Gy NA
WBRT + TMZ M';g'zrz‘)a[ﬁ]a"' h=60 High NA
T 5/44 toxic deaths
ouillier et al., .
2019 [29] n =66 High TMT-A and TMT-B: stable scores after
HCT-ASCT
= i etal 2/58 toxic deaths
erreri et al., .
2017 [30] n=>59 High Attention, executive functions, QoL:
significant improvement after HCT-ASCT
AE 58)3/ ?;:]I" n=14 Intermediate No cognitive impairment after HCT-ASCT
Yoon et al., . .
2011 [65] n=11 Intermediate 0/11 toxic death
Illerhaus et al., n=13 Intermediate No severe NT after HCT-ASCT
HCT-ASCT 2008 [66] - (median follow up: 25 months)
Omuro et al,, . 3/32 toxic deaths
n=32 Intermediate o .
2015 [67] No cognitive impairment after HCT-ASCT
MontZ%r;\;JErsc;]et el n=16 Intermediate NA
Ygggg [e6tga]l., n =48 Intermediate 1/27 toxic death
Sczh(;r;) [e7to;1l., n=>52 Intermediate NA
De;)l;p;p[;:]al., n=41 Intermediate NA

MTX — methotrexate; PFS — progression free survival; OS — overall survival; CR — complete response; WBRT — whole brain radiotherapy; HCT-ASCT — high
dose chemotherapy with autologous stem cell transplantation; NT — neurotoxicity; NA — not assessed; TMZ — temozolomide; fr — fraction
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compared the survival of patients with newly di-
agnosed PCNSL (55 to 69 years old, median age
63 years) treated with a MTX-based CT regimen
or with the same CT regimen followed by WBRT.
Five hundred and fifty-one patients were treated per
protocol, and WBRT was delivered at a total dose
of 45 Gy (30 x 1.5 Gy). Two-year PES was higher
in the WBRT group than in the group treated with
CT alone (43.5% vs. 30.7%, respectively), and there
was no significant difference in OS between the two
groups [24]. However, the trial failed to meet its
non-inferiority end-point, and the methods of this
study have been criticized since only 58% of the in-
cluded patients received the intended treatment.
The analysis of quality of life 2 years after the treat-
ment was studied using EORTC-QLQ-C30, EO-
RTC-QLQ-BN20 and MMSE questionnaires.
Thirty-seven patients (no WBRT arm) and 33 pa-
tients (WBRT arm) were eligible for the analysis
of quality of life. Subjective cognitive functioning,
global health status and MMSE scores were signifi-
cantly reduced in the WBRT arm as compared to
patients treated with CT alone. Fatigue, appetite
loss and hair loss were significantly more intense in
the WBRT arm [25]. Several retrospective studies
found similar results: a lack of significant impact
on OS, despite a possibly lower PES, of removing or
deferring WBRT [26, 27]. A multicentric study ret-
rospectively investigated a response-adjusted ap-
proach in PCNSL patients younger than 60 years,
deferring WBRT in chemosensitive patients. All pa-
tients were treated with induction MTX-based CT,
then patients achieving CR received five additional
CT cycles and no further treatment (31 patients)
while patients with a partial response (PR) or stable
disease (SD) were treated with WBRT (9 patients)
or high dose chemotherapy with autologous hema-
topoietic stem cell transplantation (HCT-ASCT) (2
patients). After a median follow-up of 108 months,
PES was disappointing in both the intent-to-treat
population and in patients achieving CR after in-
duction CT, thought to have the best chance of
achieving prolonged remission (median PES of
12 months and 22 months, respectively). Therefore,
an indication of consolidation treatment is suggest-
ed, even in patients achieving CR after induction
CT. In the intent-to-treat population, median OS
was 63 months which is comparable with surviv-
al results in patients treated with MTX-based CT
and immediate WBRT. This suggests that salvage

treatment with WBRT or HCT-ASCT in PCNSL
patients with PR or SD after induction CT is ef-
fective [26] neurotoxicity risks are lower in young
(< 60 years. A retrospective study analyzed 122 pa-
tients who achieved a CR after initial MTX-based
CT. Patients received either no consolidation treat-
ment, or HD Cytarabine alone, or WBRT plus HD
Cytarabine, or WBRT alone. There was no differ-
ence in OS among patients who received a con-
solidation treatment. In univariate analysis, PFS
was longer in patients who received WBRT plus
HD Cytarabine when compared with other groups
(p = 0.03). However, patients who underwent
WBRT plus HD cytarabine were younger (medi-
an age: 51 years old) and multivariate analysis did
not find a significant effect of the consolidation
treatment on PFS nor on OS [27]. A meta-analysis
compared the quality-adjusted life expectancy (de-
fined with a Markov state transition model consist-
ing of a number of health states including CR with
no neurotoxicity, CR with mild neurotoxicity, CR
with severe neurotoxicity, relapse and death) in pa-
tients treated with the combined modality therapy
(MTX-based CT followed by consolidation WBRT)
or with MTX-based CT alone [28]. In patients < 60
years old, there was a benefit of 0.62 quality-adjust-
ed life years (or 7.4 quality-adjusted months) with
the combined modality therapy as compared to CT
alone. Because of the increased risk of radiation-in-
duced neurotoxicity after the combined modality
therapy in patients older than 60 years, quality-ad-
justed life expectancy was similar in patients treat-
ed with the combined modality therapy or with
MTX-based CT alone.

In conclusion, it remains unclear whether con-
solidation WBRT can be safely omitted for young-
er patients (< 60 years) who reach CR after induc-
tion CT.

Replacement of WBRT by HCT-ASCT

PRECIS and IELSG32 trials are two recent phase
II randomized studies that aimed to determine
the efficacy and toxicity of WBRT or HCT-ASCT
as consolidation treatment after induction
MTX-based CT in newly diagnosed PCNSL pa-
tients < 60 (29) or < 70 years old [30]. Apart from
the upper age limit, the PRECIS and IELSG trial
differed by several aspects: (i) WBRT delivered
40 Gy (2 Gy/fraction) in the PRECIS trial while
a dose of 36 Gy (1.8 Gy/fraction) plus a 9 Gy boost
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on the remaining enhancing site in case of PR after
induction CT was delivered in the IELSG32 trial;
(ii) induction CT, although HD MTX-based in
both trials, were not completely similar: R-MBVP
(rituximab, MTX 3 g/m’ VP16, BCNU, predni-
sone) followed by R-AraC (rituximab, cytarabine)
in the PRECIS trial and MTX 3.5 g/m’, cytara-
bine * rituximab + thiotepa in the IELSG32 trial;
(iii) randomization between WBRT or HCT-ASCT
was done at the time of registration in the PRE-
CIS trial and after response assessment following
the induction CT in the IELSG32 trial.

In both trials, 2-year PFS was the primary end-
point.

WBRT and HCT-ASCT were both effective
consolidation treatments, and met the predeter-
mined threshold in both trials. In the PRECIS trial,
an exploratory comparison of the 2-year survival
rates found significantly higher 2-year PFS rates in
the HCT-ASCT arm compared to the WBRT arm
(87% vs. 63%, respectively), whereas the 2-year
OS rates were not significantly different. In
the IELSG32 trial, there were no significant dif-
ferences in 2-year PFS nor in 2-year OS between
WBRT and HCT-ASCT (2-year PFS: 80% vs. 69%,
2-year OS: 85% vs. 71%, respectively).

In both trials, the proportion of toxic deaths
was higher in the HCT-ASCT arm compared to
the WBRT arm (11.4% vs. 1.8% in the PRECIS trial,
3.5% vs. 0% in the IELSG32 trial).

Both trials studied prospectively the impact of
treatment on cognitive functions, by estimating
the delta value between scores of neuropsycholog-
ical tests done after treatment and during follow
up (after 2 years of follow-up in the IELSG32 tri-
al and after 6, 12, 18, 24 and 36 months of follow
up in the PRECIS trial). In the IELSG32 trial, re-
sults showed a significant improvement in atten-
tion and executive functions [Trail Making Test
A (TMT-A), Trail Making Test B (TMT-B), Trail
Making Test B-A (TMT-B-A), Phonemic Verbal
Fluency (PVF)] and visuoconstructive abilities
(Rey Complex Figure Copy Test) in patients treat-
ed with HCT-ASCT. In the PRECIS trial, results
of monthly variations in the mean scores of neu-
ropsychological tests showed a significant differ-
ence between groups in global cognitive function
[Mattis Dementia Rating Scale (MDRS)] and exec-
utive functions (TMT-A and TMT-B) in favor of
HCT-ASCT.

In the absence of phase III trial, the current
trend is to favor HCT-ASCT over WBRT at “stan-
dard dose” due to the risk of radiation-induced
neurotoxicity. However, if the patient is not fit for
HCT-ASCT, WBRT remains an alternative consol-
idation treatment (Fig. 1).

WBRT with reduced dose

The C5R protocol was the first which proposed
to decrease the dose of WBRT as consolidation
treatment of newly diagnosed PCNSL. It consisted
in HD MTX-based CT followed by a WBRT deliv-
ering 20 Gy in 2 Gy fractions. However, an addi-
tional 30 Gy in 2 Gy fractions boost on the site of
the primary tumor before CT was planned. Among
the 25 patients included in the study, 18 patients
completed the induction CT and received the con-
solidation cerebral RT as planned by the C5R pro-
tocol. Of note, 5 of these patients received a 50 Gy
in 2 Gy fractions WBRT because of multiple tumor
lesions. All 18 patients who completed the treat-
ment achieved CR or PR. With a median follow-up
of 32 months, only 2 of these 18 patients relapsed
(respectively, 25 and 96 months after the initial
treatment) [3].

Since then, several trials have been conducted
to study the feasibility of prescribing lower doses
of WBRT in patients who reached CR to induc-
tion CT.

In 2002, a multicentric prospective study includ-
ed 25 patients < 60 years old who reached CR after
induction CT. Fifteen patients were treated with
a WBRT delivering 45 Gy in 1.8 Gy fractions and 10
received a reduced dose WBRT (30.6 Gy in 1.8 Gy
fractions). OS was significantly lower in patients
receiving the reduced dose (3-year OS: 92% ver-
sus 60% for patients receiving 45 or 30.6 Gy, re-
spectively; p = 0.04) and a trend for a higher risk of
relapse was observed in patients receiving the re-
duced dose (3-year risk of relapse: 25% vs. 79% for
patients receiving 45 or 30.6 Gy, respectively;
p = 0.06) [31].

More recently, Memorial Sloan-Kettering Can-
cer Center (MSKCC) conducted a phase II study
including 52 patients, with a median age of 60 years
(30 to 79 years). Patients received induction CT
(five to seven cycles of R-MPV), then patients who
achieved a CR received a reduced dose of WBRT
(rdWBRT) (23.4 Gy, 1.8 Gy/fraction) while those
with a PR or SD received a standard dose (45 Gy,
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<60 years old

| Patient eligible for high dose MTX-based chemotherapy? |

Yes

| High dose MTX-based chemotherapy |

Complete response | Partial response

Stable disease/progression

AA A

[ascT | [rdwerT| | AscT| |rdwerT | | Ascr |

| Salvage chemotherapy | |WBRT| | Best supportive care

>60 years old |

Patient eligible for high dose MTX-based chemotherapy? |

Yes

| High dose MTX-based chemotherapy |

.

Completeresponse| | Partial response |

| Stable disease/progression

Additional MTX
cycles until complete

Consolidation
chemotherapy

Salvage
chemotherapy care

Best supportive Best supportive care

(Cytarabine) response

Figure 1. Current recommendations of the different treatment schedules admitted as consolidation of first line treatment
of primary central nervous system lymphoma (PCNSL), according to the age and response to induction radiotherapy
[34, 35, 74]. ASCT — autologous stem cell transplant; rdWBRT — reduced dose of whole brain radiotherapy; WBRT — whole

brain radiotherapy; MTX — methotrexate

1.8 Gy/fraction). After RT, all patients received two
consolidation HD cytarabine cycles. In patients
treated with rdWBRT (31 patients), 2-year PFS
was 77% and 2-year OS was 90%. Among the 12
patients who received rdWBRT and were progres-
sion free and completed neuropsychological eval-
uation at 2 years (median age, 58 years, including

three patients older than 60 years), there was no
evidence of significant cognitive decline during
the follow-up period, except for motor speed
[32]. Cognitive functions of patients achieving
long-term remission following rdWBRT (23.4 Gy,
1.8 Gy/fraction) or HCT-ASCT was recently re-
ported: there was a decline in attention/executive

278 https://journals.viamedica.pl/rpor


https://www-sciencedirect-com.scd-rproxy.u-strasbg.fr/topics/medicine-and-dentistry/primary-central-nervous-system-lymphoma

Alice Thomas et al. Role and perspective of radiotherapy for newly diagnosed PCNSL

functions and memory after 3 years in both groups,
and no significant differences in terms of cognitive
performance or quality of life (QoL) [33].

Treating patients achieving CR after induction
CT with a rdWBRT was therefore considered ef-
fective, and current guidelines recommend this
approach [34] or offer it as an option [35] (Fig. 1).

These results prompt up the RTOG to set up
a randomized trial (NCT01399372) comparing
the efficacy of a CT-only, MSKCC regimen (see
above) or the same CT regimen with rdWBRT
(23.4 Gy in 1.8 Gy fractions) prior to cytarabine as
first line treatment of PCNSL. A secondary objec-
tive is to determine the treatment-related neuro-
toxicity rates in each arm.

Preliminary results were recently published: 91
newly diagnosed patients were randomized, medi-
an age was 59 years in the CT arm and 66 years in
the CT + rdWBRT arm. After a median follow-up

of 55 months, median PFS was 25 months in
the CT arm and not reached in the CT + rdWBRT
arm (p = 0.015). The 2-year PFS was 54% in the CT
arm and 78% in the CT + rdWBRT arm. Median
OS was not reached in either arm. The rate of clin-
ically-defined moderate to severe neuro-toxicity
was 11.4% in the CT arm and 14% in the CT + rd-
WBRT arm (p=0.75). The study therefore met its
primary endpoint, demonstrating that the addition
of rdWBRT to R-MPV-A improves PFS in newly
diagnosed PCNSL. Neurotoxicity rates at time of
analysis were not increased, but more follow-up is
needed [36]. Further neuropsychological assess-
ments and neuroimaging analyses are ongoing to
characterize cognitive decline and compare it to
other consolidation treatments.

Table 3 summarizes irradiation doses and vol-
umes applied in the largest and most recent ran-
domized trials and current guidelines of irradiation

Table 3. Doses and volumes applied in the largest and most recent randomized trials, and current guidelines of irradiation
doses and volumes in whole brain radiotherapy (WBRT) as consolidation treatment of newly diagnosed primary central

nervous system lymphoma (PCNSL)

Complete response Partial response

WBRT
PRECIS trial [29] 40 Gy
2 Gy/fr
WBRT
36 Gy
WBRT
. 1.8 Gy/fr
IELSG32 trial [30] 36 Gy
+
1.8 Gy/fr
Boost to 45 Gy
1.8 Gy/fr
WBRT WBRT
French recommendations from the LOC
network, 2014-2015 [72] [23-301 Gy 406y
[1.8-2] Gy/fraction [1.8-2] Gy/fraction
WBRT WBRT
ILROG guidelines, 2015 [34] 24 Gy [36-45] Gy
2 Gy/fraction 1.5-1.8 Gy/fraction
WBRT
Guidelines for the diagnosis WBRT =07
and management of primary central 1.8 Gy/fraction
- 36 Gy
nervous system diffuse large B-cell ] +
1.8 Gy/fraction
lymphoma, 2018 [35] 4 Boost to 45 Gy
1.8 Gy/fraction
WBRT
WBRT [30-36] Gy
NCCN guidelines Version 3.2020 Central 234G .
Nervous System Cancers [73] i
1.8 Gy/fraction Boost to 45 Gy
[1.8-2] Gy/fraction

ILROG — International Lymphoma Radiation Oncology Group; NCCN — National Comprehensive Cancer Network; WBRT — whole brain radiotherapy
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doses and volumes in consolidation treatment of
newly diagnosed PCNSL.

Radiosensitization of WBRT
with concomitant temozolomide

Temozolomide (TMZ) is an oral alkylating agent
that has shown anti-tumor activity in PCNSL in
single arm studies [37-39].

A phase III trial showed a significant improve-
ment in survival of glioblastoma patients treated
with surgical resection followed by adjuvant RT
plus TMZ given concomitantly with and after
RT as compared to the same regimen without
TMZ [40]. TMZ is known to be more active in
glioblastoma patients who have a methylation of
the MGMT promoter [41]. A proportion of pa-
tients with PCNSL also exhibit methylation of
the MGMT promoter, which suggests a role for
TMZ in this disease: a retrospective study explored
the efficiency of TMZ monotherapy in the treat-
ment of PCNSL in 17 elderly patients with se-
vere comorbidities (3 of whom had a methylation
of the MGMT promoter). The CR rate was 47%
and median OS was 21 months (42). A phase II
trial investigated the treatment of PCNSL with HD
MTX, TMZ, and rituximab, followed by hyper-
fractionated WBRT and subsequent TMZ. Com-
pared with historical controls from RTOG 93-10,
2-year OS and PFS were significantly improved
(p = 0.006 and 0.03, respectively) [43]. Based on
these results, a phase III trial was recently done
to examine whether the benefit of TMZ concom-
itant and adjuvant to RT can be found in PCNSL
patients. The study randomized 122 patients with
newly diagnosed PCNSL, after a HD-MTX CT
regimen (MTX; 3.5 g/m® at day 1, 15, 29), be-
tween the control arm (WBRT, 30 Gy + 10 Gy
boost) and the experimental arm (WBRT + boost
with concomitant and adjuvant TMZ). Two-year
PES was 60.6% in the control arm and 49.9% in
the experimental arm, and 2-year OS was 86.6%
in the control arm and 71.4% in the experimen-
tal arm. Thus, this study failed to demonstrate
the benefit of the addition of TMZ to WBRT [44].

A phase II trial (NCT03495960) is ongoing on
elderly patients (= 70 years old) ineligible for HD
MTX, to assess the efficacy of concomitant WBRT,
TMZ and rituximab as induction therapy, followed
by TMZ as maintenance treatment.

Reduction of irradiation target volume

Among patients with 1 to 3 brain metastases,
the use of a focal stereotactic radiotherapy (SRS)
alone resulted in less cognitive deterioration at
3 months than SRS combined with WBRT [45].
Thus, the current approach is to favor partial ir-
radiation in patients with brain metastases. In pa-
tients with PCNSL, studies were conducted to as-
sess whether the irradiation target volume could
be safely reduced to partial-brain radiotherapy
(PBRT), in order to reduce the radiation-induced
neurotoxicity.

Iwabuchi et al. retrospectively analyzed the out-
come of 16 PCNSL patients treated with PBRT
(54 Gy, 2 Gyl/fraction, focused on the initial en-
hancing lesion plus 4 cm margins) following
a HD-MTX based CT regimen (MTX 3.5 g/m’
alone in 9 patients, MTX 3.5 g/m’ + rituximab in
6 patients, MTX 3.5 g/m” + rituximab + procar-
bazine + vincristine in 1 patient) [46]. The 3-year
OS and PFS were, respectively, 68% and 36%.
The in-field and outfield recurrence rates at 3 years
were 27% and 21%, respectively. Late symptomatic
neurotoxicity was encountered in 3 of the 16 (19%)
patients, all of whom were > 58 years old.

A prospective observational cohort study showed
significantly improved survival rates in PCNSL pa-
tients treated with HD MTX-based CT followed by
Gamma Knife single fraction radiosurgery com-
pared to patients treated with HD MTX-based
CT alone. Seventy-three patients received HD
MTX-based CT alone and 55 patients received CT
followed by Gamma Knife single fraction radiosur-
gery. There were no significant differences in pa-
tient demographics and histology was a large dif-
fuse B-cell lymphoma in all patients. Gamma Knife
single fraction radiosurgery doses were ranging
from 11 Gy to 16 Gy (median: 11 Gy) to the 50%
isodose line. Median OS was 47.6 months in pa-
tients who received HD MTX-based CT followed
by Gamma Knife single fraction radiosurgery
versus 26.8 months in patients who received HD
MTX-based CT alone (p = 0.0034) [47].

A study of the pattern of relapse in PCNSL af-
ter partial brain irradiation showed that the cu-
mulative in-field and out-field recurrence rates at
5 years were 57% and 49%, respectively, and that
the out-field recurrence rate was 22% for pa-
tients treated with safety margins > 4 cm and 83%
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for those treated with safety margins < 4 cm
(p =0.0079) [48]. A study of the pattern of relapse
in PCNSL after first line CT alone (without cere-
bral irradiation) showed that 46% of relapses oc-
curred in the initial tumoral site, 40% distant from
the initial tumoral site and 14% in both [13]. Au-
topsy studies revealed that most PCNSL extensive-
ly infiltrate the brain, even far from radiologically
detected sites [19].

In that respect, partial irradiation in PCNSL pa-
tients appears counter-intuitive regarding the infil-
trative nature of the disease, and the efficiency of
this approach has not been convincingly demon-
strated. WBRT thus remains the standard RT ap-
proach. In case a partial irradiation was performed,
safety margins should be > 4 cm.

Conformal avoidance of the hippocampus during
WBRT is known to be associated with preservation
of memory and QOL as compared with historical
series [49]. In this study, included patients had
brain metastases outside a 5 mm margin around ei-
ther hippocampus, and bilateral hippocampal con-
tours were expanded by 5 mm to generate the hip-
pocampal avoidance regions. Detailed data are still
lacking regarding the possibility of sparing the hip-
pocampal region in PCNSL patients. A study con-
sidered 36 patients with 57 PCNSL lesions (defined
as T1 weighted contrast enhancement after HD
MTX-based CT), and found 18 out of 57 lesions
(31.6%) localized less than 5 mm from the hippo-
campus region and seven of them (12%) involving
the hippocampus [50]. This high rate of PCNSL
lesions near the hippocampus region does not en-
courage conformal avoidance of the hippocampus
during WBRT in this indication.

Before the introduction of combined modal-
ity treatment with HD MTX-based CT prior to
cerebral irradiation, it was generally agreed that
a boost to the tumor bed should be employed
[12, 51-55]. However, in the RTOG 8315 pro-
spective trial patients treated with 40 Gy WBRT
and a 20 Gy boost to tumor bed had a low median
survival of 11.6 months. Although the poor prog-
nosis may have been related to age (median age: 66
years), the 60 Gy irradiated tumor bed was the pre-
dominant site of failure which does not encourage
a dose-escalation strategy to increase PCNSL local
control [1]. A retrospective analysis of 50 stud-
ies published between 1980 and 1995 regarding

the therapeutic management of PCNSL in a total of
1180 immunocompetent patients did not find, in
patients treated with RT alone, tumor bed dose to
be an independent prognostic factor [56].

Some retrospective series suggest an additional
boost to rdWBRT may be valuable in case of a PR
after induction CT [57-59], although the efficiency
of this strategy has never been demonstrated.

Current recommendations of irradiation vol-
umes are visible in Table 3.

No data support the prescription of craniospinal
RT in patients with PCNSL involving the cerebro-
spinal fluid. Indeed, craniospinal RT provides con-
siderable toxicity (neurologic, haematologic, diges-
tive) and may compromise a subsequent CT due to
bone marrow toxicity.

Hyperfractionation

Hyperfractionation is defined as a dose per frac-
tion < 1.8 Gy. It allows normal tissues to repair
sublethal radiation damage, and should therefore
theoretically minimize deleterious effects on nor-
mal brain structures and reduce the risk of leuko-
encephalopathy.

In the prospective RTOG 93-10 trial, after a HD
MTX-based CT, 16 patients in CR received a hy-
perfractionated WBRT (36 Gy, 1.2 Gy/fraction)
and 27 patients in CR received a normofraction-
ated WBRT (45 Gy, 1.8 Gy/fraction). Severe (grade
3, 4 or 5) neurotoxicity was observed in 23% of pa-
tients treated with hyperfractionated RT compared
with only 3.7% of those treated with normofrac-
tionated WBRT. There was no significant difference
in MMSE scores at 8 months between the 2 groups,
nor in time to decrease of MMSE score below 24,
used as a measure of dementia [14]. A secondary
analysis found, by 4 years, 2/16 (13%) grade 5 en-
cephalopathies in patients treated with hyperfrac-
tionated RT and 0/27 (0%) in patients treated with
normofractionated RT [60].

A phase II study investigated the treatment of
PCNSL patients < 65 years old with HD MTX-based
CT and HCT-ASCT followed by hyperfractionated
WBRT (45 Gy, 1 Gy/fraction, 2 fractions/day). After
a median follow-up of 63 months, five of 30 patients
(16.7%) developed leukoencephalopathy [61].

These data suggest that hyperfractionated was
not effective in preventing from radiation-induced
neurotoxicity.
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Conclusion

The risk of radiation-induced neurotoxicity in
older (> 60 years old) newly diagnosed PCNSL
patients treated with WBRT at doses > 40 Gy is
important. Hence, this procedure is no longer
recommended. In younger patients (< 60 years
old) the risk of radiation-induced neurotoxicity
is lower, although it remains present. Hence, in
younger patients, WBRT at doses > 40 Gy can be
regarded as a consolidation treatment in the same
way as HCT-ASCT after a case-by-case discussion
(HCT-ASCT is favored for fit patients while WBRT
remains preferential for unfit patients).

Recently, a randomized clinical trial comparing
newly diagnosed PCNSL patients treated with CT
only and with CT + rdWBRT (23.4 Gy in 1.8 Gy
fractions) showed a significant benefit of the ad-
dition of the rdWBRT consolidation treatment on
local control (PFS) but not on OS. The use of rd-
WBRT has shown encouraging results in terms of
neurotoxicity.

A dose-escalation strategy with the addition
of a boost to the original tumor site has failed
to demonstrate efficiency on local control or on
survival. Autopsy and pattern of relapse reports
lead to consider PCNSL as a very infiltrative dis-
ease throughout the brain. For that reason, par-
tial brain irradiation and hippocampal avoid-
ance approaches do not seem to be adapted to
the treatment of PCNSL. Due to its considerable
toxicity, there is no place for craniospinal RT in
the treatment of patients with a PCNSL involving
the cerebrospinal fluid. Hyperfractionation has
failed to show efficiency in the prevention of ra-
diation-induced neurotoxicity. Perspectives in
the treatment of PCNSL patients are: (i) the use
of targeted therapies or anti-PD1 immunothera-
pies in association with HD MTX-based induc-
tion CT. LOC-R01 (NCT04446962) is currently
running to study the feasibility and efficiency of
Lenalidomide or Ibrutinib to a HD MTX-based
CT. (ii) The evaluation of the use of neuropro-
tective therapies (as Memantine) which have
shown efficiency on cognitive decline in patients
receiving WBRT for the treatment of brain me-
tastases. (iii) A better evaluation of the response
to treatment thanks to imaging examinations
(multimodal MRI, TEP TDM) enabling a better
distinction between tumoral and radiation-in-

duced white matter abnormalities, both resulting
in flair-weighted hypersignal.

Prospective clinical trials and consensual guide-
lines are needed in the treatment of PCNSL. The ef-
ficiency of therapeutic approaches must be studied
with regard to treatment-induced neurotoxicity
and quality of life.
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