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CLINICAL CASE

q 63 years, male

q Hypertension, diabetes, coronary heart disease (coronary angioplasty)

q April 2020: tiredness and loss weight

q CT: exophytic left kidney neoformation



q Headache and neurocognitive decline 

q MRI: at right cerebellar hemisphere, expansive processs (25 mm) with peripheral enhancement and 

central necrotic component. Marked mass effect due to presence of edema

CLINICAL CASE



HOW WOULD YOU STAGING 
THIS PATIENT?

A. Stereotactic biopsy

B. Neurosurgical exeresis

C. Other radiological imaging

D. Other strategy



q Neurosurgical exeresis: PCNSL, EBV+

q MRI: small area referable to further localization

CLINICAL CASE

q PET-CT and Bone Marrow Biopsy: no extracranial dissemination of lymphoma

q Renal neoformation biospy: clear cell carcinoma

q KPS: 70



HOW WOULD YOU TREAT THIS 
PATIENT?

A. High dose Methotrexate

B. High dose Methotrexate + ARA-C

C. High dose Methotrexate + ARA-C + Rituximab

D. High dose Methotrexate + ARA-C + Rituximab + 
Thiotepa

E. High dose Methotrexate + ARA-C+ Rituximab + 
Procarbazine + Vincristine

F. Whole Brain RT 



q The patient was treated according to HD-MTX regimen x 4

(Methotrexate + ARA-C + Rituximab) 

q Complete response after CT

CLINICAL CASE

After CT Before CT 



CONSOLIDATIVE TREATMENT?

A. No

B. Autologous stem cell  transpantation

C. Whole Brain RT 30-36 Gy

D. Whole Brain RT 40-45 Gy

E. Whole Brain RT Reduced Dose (23.4 Gy)



WHOLE BRAIN RADIOTHERAPY: 

RT fields for PCNSL



Total Dose 23,4 Gy/13 fractions



WBRT

CONSOLIDATION 
TREAMENT

Auto-
HCT

Novel 
agents



Annals Oncol. 2007;18

ü Pts treated with WBRT + HD-MTX: diffuse cognitive impairments of sufficient severity to interfere with 

QoL; more cognitive impairment than CT alone

ü Areas of attention, executive function, memory and psychomotor speed

ü Relationship between disease control, treatment modality, survival, cognitive functions, and QoL in order

to guide treament choice

ü High incidence of neurotoxicity in patients >60 years

NEUROTOXICITY



routinely assessed in prospective trials, and worldwide con-
sensus on the definition of, and best detection methods for,
iatrogenic neurotoxicity is far to be achieved. Moreover,
the impact on survival and neurotoxicity risk of different con-
solidation RT doses has been rarely addressed in prospective
PCNSL trials because these studies usually have homoge-
neous irradiation doses. Despite these methodologic limita-
tions, and in line with the present observations, it is clear
that elderly patients treated with chemoradiation therapy
are frequently affected by this depressing complication
(12). Some authorities have proposed avoidance of consoli-
dation RT to minimize the risk of neurotoxicity, at least in el-
derly patients. Alternatively, RT doses could be reduced,
considering that neurotoxicity severity is directly correlated
with this parameter. The value of this strategy is supported
by the present study, wherein WBRT doses of 40 Gy or
more and tumor bed doses of 45 Gy or more were not asso-
ciated with better local control or survival in patients in CR
after chemotherapy based on HD-MTX. These observations

are in conflict with a retrospective study suggesting that
a dose reduction from 45 Gy to 30.6 Gy in consolidation
WBRT could be associated with poorer prognosis (4), al-
though they are in line with a meta-analysis of 19 published
prospective series (5) and a large prospective trial, where two
different consolidation strategies, a conventional 45-Gy
WBRT and a 36-Gy hyperfractionated WBRT, were associ-
ated with similar progression-free survival (13). The present
results are consistent also with a single-arm Phase II trial (6),
where WBRT dose reduction to 23.4 Gy in patients in CR af-
ter primary chemotherapy was associated with a 2-year OS of
89%, which is not inferior to results obtained with a similar
chemotherapy regimen but followed by WBRT 45 Gy (14).
Even if based on a comparison of two nonsimultaneous Phase
II trials (6, 14), these pioneering findings, together with the
results of the present retrospective series, constitute the
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Fig. 2. Failure-free survival (A) and overall survival (B) curves ac-
cording to whole-brain radiation therapy dose. There were no signif-
icant differences between patients treated with a whole-brain dose of
30–36 Gy (continuous line) and those treated with 40–45 Gy (dotted
line).
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Fig. 3. Failure-free survival (A) and overall survival (B) curves ac-
cording to tumor bed dose. There were no significant differences be-
tween patients treated with a tumor bed dose of 36–44 Gy
(continuous line) and those treated with 45–54 Gy (dotted line).
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30-36 Gy

40-45 Gy

OS according to WBRT dose

Ferreri AJ et al, IJROBP 2011; 80

WBRT 30 to 36 Gy; higher doses are not advisable (not change
outcome and could increas risk of severe neurotoxicity)
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Figure 3: Progression-free survival in the per-protocol and intention-to-treat populations by treatment group
PP=per protocol. ITT=intention to treat. HR=hazard ratio.
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Figure 4: Overall survival in the per-protocol and intention-to-treat populations by treatment group
PP=per protocol. ITT=intention to treat. HR=hazard ratio. 
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“Although whole brain radiotherapy has a role in disease control, the absence of a 
survival benefit in this study could justify its omission from first-line treatment in 

primary CNS lymphoma.”

Thiel E. et al. Lancet Oncol 2010;11

OSPFS

WBRT: 45 Gy/30 fr
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sudden and steep (logarithmic) increase 
in BCR-ABL expression, whereas other 
patients fl uctuated between major 
molecular remission and CMR, even 
without imatinib treatment. This 
fi nding would suggest the existence 
of more than one mechanism of CML 
persistence despite imatinib treatment. 
Logarithmic increases in BCR-ABL 
expression would be compatible 
with a proliferative leukaemic stem 
or progenitor compartment that 
is pharmacologically contained by 
imatinib treatment,2,3 whereas fl uc-
tuating molecular relapses suggest the 
existence of one or more mechanisms 
of disease control (eg, genetic or 
immunological) that are independent 
from BCR-ABL kinase activity.

Second, although the presented 
data are for short-term follow-up, 
they indicate that patients who are 
exposed to imatinib for longer periods 
might be more likely to maintain 
their CMR. If these fi ndings were to be 
confi rmed with longer follow-up, they 
would suggest that longer exposure 
to imatinib after achievement of 
CMR might be benefi cial for CML 
patients. Hence, future studies that 
aim to investigate pharmacological 
eradication of the disease should 
probably consider stopping imatinib 
after patients have achieved lengthier 
periods of CMR (eg, 4–5 years).
The authors declared no confl icts of interest.
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Imatinib 
discontinuation: realistic 
for patients with chronic 
myeloid leukaemia 
achieving complete 
molecular remission?

In the November, 2010, issue of 
The Lancet Oncology, François-Xavier 
Mahon and colleagues1 suggest that 
some patients with chronic myeloid 
leukaemia (CML), who have maintained 
a complete molecular remission (CMR) 
for at least 2 years, might be cured 
by standard (400 mg daily) imatinib 
mesilate treatment. They conclude that 
a selected—although not defi ned—
cohort of patients with CML who are 
in CMR could be considered for drug 
discontinuation. These fi ndings hold 
promise for further improvements 
in CML care, but they also raise two 
further issues.

First, Mahon and colleagues describe 
two diff erent kinetics for increases in 
BCR-ABL levels in patients who had 
molecular relapse. Most patients had a 

Whole-brain 
radiotherapy in primary 
CNS lymphoma

We read with interest the Article by 
Eckhard Thiel and colleagues on the 
German Primary CNS Lymphoma 
Study Group (G-PCNSL-SG-1) trial,1 
and the accompanying Comment by 
Fernando Cabanillas.2 The investi-
ga tors should be commended for 
their eff orts in this randomised trial 
about the role of consolidation or 
complementary whole-brain radio-
therapy in patients with primary CNS 
lymphoma. However, the study did 
not meet many standards in design, 
undertaking, and interpretation. Poor 
protocol adherence, randomisation 
caveats, and low statistical power 
were recognised in part by the 
investigators and emphasised in 
the Comment. Nevertheless, the 
investigators recommend avoidance 
of this intervention because it did 
not improve survival and increased 
neurotoxicity. In our opinion, however, 
the eff ect of whole-brain radiotherapy 
on survival and neurotoxicity cannot 
be interpreted successfully in this trial. 

The overall results of the G-PCNSL-
SG-1 trial are disappointing, and cannot 
be explained by negative selection of 
patients because eligibility criteria used 
match those in most previous trials. 
The disappointing results are more 
easily explained by the involvement of 
many centres with little experience in 
management of patients with primary 
CNS lymphoma and the negative eff ect 
of a long accrual period. The eff ect of 
small centres is also suggested by high 
rates of erroneous response assessment 
(MRI was often unavailable), patients 
lost to follow-up, and toxic deaths. The 
investigators tried to exclude this bias 
by comparing centres enrolling 20 or 
fewer patients with those that enrolled 
more than 20; however, they could have 
more appropriately addressed this issue 
by analysis of the eff ect on the outcome 
of the 42 centres and private doctors 
that enrolled four (or fewer) patients in 
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Authors’ reply
The German Primary CNS Lymphoma 
Study Group (G-PCNSL-SG-1) trial1 
is the only completed randomised 
phase 3 trial in patients with primary 
CNS lymphoma (PCNSL). It answered 
the question repeatedly identifi ed 
in many review articles as the most 
challenging and important question 
to answer in the treatment of PCNSL: 
does the omission of whole-brain 
radiotherapy (WBRT) from the treat-
ment of newly diagnosed PCNSL com-
p ro mise survival? The answer is no. 

G-PCNSL-SG-1 was an investigator-
initiated trial that was done without 
industry funding and designed in 1998. 
It should not be judged by quality 
criteria of present industry-sponsored 
trials. We detailed limitations in our 
Article and fi nd no new consider-
ations in the comments of Ferreri and 
colleagues.

Although our eligibility criteria were 
much the same as in many smaller 
trials, we enrolled a patient population 
with a high median age (63 years 
[nearly a quarter older than 70 years]) 
and low Karnofsky performance scores. 
We showed a complete response 
rate of 32·4% in 401 patients, which 
compares favourably with the 18% of 
40 patients reported in a contemporary 
oligocentric trial by the International 
Extranodal Lymphoma Study Group.2 

By contrast with the trial done by the 
International Extranodal Lymphoma 
Study Group,2 we analysed a possible 
negative eff ect on outcome from 
centres with a small patient volume, 
but did not identify one, suggesting 
that decentralised care is not harmful 
to outcome.

We did not monitor neurotoxicity 
only by MRI, but also clinically, which 
does not diff er from the technique 
used by many other investigators.

The statement that 40% of the 
patients were excluded from analysis 
is misleading. Randomisation was 
appro priately done up-front, be-
fore high-dose methotrexate-based 
chemo therapy, but could only 
become eff ective if patients were 

10 years, as they did in a previous report.3 
The negative eff ect of lengthy accrual is 
confi rmed by a 30% reduction in accrual 
in the last 3 years of the study and poor 
protocol adherence (major violations in 
30% of patients), which probably was 
the result of newly available evidence 
that made participation less attractive. 
An additional interpretation bias was 
introduced through the exclusion of 
patients with protocol violations from 
the denominator in various compari-
sons in the alternating per-protocol and 
intention-to-treat analyses—neither of 
which accounted for the entire enrolled 
popu la tion (about 40% of patients were 
excluded from the primary analysis). 
Finally, a positive eff ect of whole-brain 
radiotherapy on progression-free 
survival but not on overall survival 
suggests an unbalanced eff ect of 
salvage therapy. A higher proportion 
of patients who experienced disease 
failure (progression or relapse) after 
chemotherapy alone received salvage 
treatment compared with relapsed 
patients assigned to initially receive 
chemo radiation. Most patients assigned 
to receive chemo radiation who relapsed 
received salvage chemo therapy, often 
including drugs with unproven activity 
in primary CNS lymphoma, whereas 
76% of patients who experienced 
disease failure after chemo therapy 
alone received salvage whole-brain 
radiotherapy, which is highly eff ective.4 
This disparity led to a consequent biased 
benefi t for these patients.

Thiel and colleagues’ trial provides 
inconsistent data for iatrogenic 
neurotoxicity because this complication 
was exclusively assessed by MRI, 
which is unreliable in this context.5 
Mini-mental status examination was 
not done and clinical assessment was 
available only in a third of complete 
responders. Moreover, both subgroups 
of patients, that is, those who 
achieved complete remission after 
chemotherapy but before whole-brain 
radiotherapy (32 in the chemoradiation 
group; 24 in the chemotherapy-alone 
group) and those who remitted after 
whole-brain radiotherapy (25 in the 

chemotherapy-alone group) were 
analysed together; necessarily, the last 
subgroup of irradiated patients suff ered 
the negative eff ects of persistent 
disease for longer than did the former 
two groups.

The G-PCNSL-SG-1 trial is compro-
mised by several fl aws in design and 
under taking, and failed to prove its 
primary hypothesis. In the Comment,2 
Cabanillas answered the open question 
about consolidation whole-brain 
radio therapy with another question, 
which confi rms that the uncertainty 
remains unaltered after the G-PCNSL-
SG-1 trial. In the future, improved trial 
design and execution will maximise 
opportunities for assessment of this 
rare malignancy. 
The authors declared no confl icts of interest.
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sudden and steep (logarithmic) increase 
in BCR-ABL expression, whereas other 
patients fl uctuated between major 
molecular remission and CMR, even 
without imatinib treatment. This 
fi nding would suggest the existence 
of more than one mechanism of CML 
persistence despite imatinib treatment. 
Logarithmic increases in BCR-ABL 
expression would be compatible 
with a proliferative leukaemic stem 
or progenitor compartment that 
is pharmacologically contained by 
imatinib treatment,2,3 whereas fl uc-
tuating molecular relapses suggest the 
existence of one or more mechanisms 
of disease control (eg, genetic or 
immunological) that are independent 
from BCR-ABL kinase activity.

Second, although the presented 
data are for short-term follow-up, 
they indicate that patients who are 
exposed to imatinib for longer periods 
might be more likely to maintain 
their CMR. If these fi ndings were to be 
confi rmed with longer follow-up, they 
would suggest that longer exposure 
to imatinib after achievement of 
CMR might be benefi cial for CML 
patients. Hence, future studies that 
aim to investigate pharmacological 
eradication of the disease should 
probably consider stopping imatinib 
after patients have achieved lengthier 
periods of CMR (eg, 4–5 years).
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Fabio Stagno*, Paolo Vigneri, 
Francesco Di Raimondo
fsematol@tiscali.it
Department of Clinical and Molecular Bio-Medicine, 
Section of Hematology, Oncology and General 
Pathology, University of Catania, Ferrarotto 
Hospital, Catania, Italy

1 Mahon FX, Réa D, Guilhot J, et al. 
Discontinuation of imatinib in patients with 
chronic myeloid leukaemia who have 
maintained complete molecular remission for 
at least 2 years: the prospective, multicentre 
Stop Imatinib (STIM) trial. Lancet Oncol 2010; 
11: 1029–35. 

2 Michor F, Hughes TP, Iwasa Y, et al. Dynamics 
of chronic myeloid leukaemia. Nature 2005; 
435: 1267–70.

3 Copland M, Hamilton A, Elrick LJ, et al. 
Dasatinib (BMS-354825) targets an earlier 
progenitor population than imatinib in 
primary CML but does not eliminate the 
quiescent fraction. Blood 2006; 107: 4532–39.

Imatinib 
discontinuation: realistic 
for patients with chronic 
myeloid leukaemia 
achieving complete 
molecular remission?

In the November, 2010, issue of 
The Lancet Oncology, François-Xavier 
Mahon and colleagues1 suggest that 
some patients with chronic myeloid 
leukaemia (CML), who have maintained 
a complete molecular remission (CMR) 
for at least 2 years, might be cured 
by standard (400 mg daily) imatinib 
mesilate treatment. They conclude that 
a selected—although not defi ned—
cohort of patients with CML who are 
in CMR could be considered for drug 
discontinuation. These fi ndings hold 
promise for further improvements 
in CML care, but they also raise two 
further issues.

First, Mahon and colleagues describe 
two diff erent kinetics for increases in 
BCR-ABL levels in patients who had 
molecular relapse. Most patients had a 

Whole-brain 
radiotherapy in primary 
CNS lymphoma

We read with interest the Article by 
Eckhard Thiel and colleagues on the 
German Primary CNS Lymphoma 
Study Group (G-PCNSL-SG-1) trial,1 
and the accompanying Comment by 
Fernando Cabanillas.2 The investi-
ga tors should be commended for 
their eff orts in this randomised trial 
about the role of consolidation or 
complementary whole-brain radio-
therapy in patients with primary CNS 
lymphoma. However, the study did 
not meet many standards in design, 
undertaking, and interpretation. Poor 
protocol adherence, randomisation 
caveats, and low statistical power 
were recognised in part by the 
investigators and emphasised in 
the Comment. Nevertheless, the 
investigators recommend avoidance 
of this intervention because it did 
not improve survival and increased 
neurotoxicity. In our opinion, however, 
the eff ect of whole-brain radiotherapy 
on survival and neurotoxicity cannot 
be interpreted successfully in this trial. 

The overall results of the G-PCNSL-
SG-1 trial are disappointing, and cannot 
be explained by negative selection of 
patients because eligibility criteria used 
match those in most previous trials. 
The disappointing results are more 
easily explained by the involvement of 
many centres with little experience in 
management of patients with primary 
CNS lymphoma and the negative eff ect 
of a long accrual period. The eff ect of 
small centres is also suggested by high 
rates of erroneous response assessment 
(MRI was often unavailable), patients 
lost to follow-up, and toxic deaths. The 
investigators tried to exclude this bias 
by comparing centres enrolling 20 or 
fewer patients with those that enrolled 
more than 20; however, they could have 
more appropriately addressed this issue 
by analysis of the eff ect on the outcome 
of the 42 centres and private doctors 
that enrolled four (or fewer) patients in 
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The German Primary CNS Lymphoma 
Study Group (G-PCNSL-SG-1) trial1 
is the only completed randomised 
phase 3 trial in patients with primary 
CNS lymphoma (PCNSL). It answered 
the question repeatedly identifi ed 
in many review articles as the most 
challenging and important question 
to answer in the treatment of PCNSL: 
does the omission of whole-brain 
radiotherapy (WBRT) from the treat-
ment of newly diagnosed PCNSL com-
p ro mise survival? The answer is no. 

G-PCNSL-SG-1 was an investigator-
initiated trial that was done without 
industry funding and designed in 1998. 
It should not be judged by quality 
criteria of present industry-sponsored 
trials. We detailed limitations in our 
Article and fi nd no new consider-
ations in the comments of Ferreri and 
colleagues.

Although our eligibility criteria were 
much the same as in many smaller 
trials, we enrolled a patient population 
with a high median age (63 years 
[nearly a quarter older than 70 years]) 
and low Karnofsky performance scores. 
We showed a complete response 
rate of 32·4% in 401 patients, which 
compares favourably with the 18% of 
40 patients reported in a contemporary 
oligocentric trial by the International 
Extranodal Lymphoma Study Group.2 

By contrast with the trial done by the 
International Extranodal Lymphoma 
Study Group,2 we analysed a possible 
negative eff ect on outcome from 
centres with a small patient volume, 
but did not identify one, suggesting 
that decentralised care is not harmful 
to outcome.

We did not monitor neurotoxicity 
only by MRI, but also clinically, which 
does not diff er from the technique 
used by many other investigators.

The statement that 40% of the 
patients were excluded from analysis 
is misleading. Randomisation was 
appro priately done up-front, be-
fore high-dose methotrexate-based 
chemo therapy, but could only 
become eff ective if patients were 

10 years, as they did in a previous report.3 
The negative eff ect of lengthy accrual is 
confi rmed by a 30% reduction in accrual 
in the last 3 years of the study and poor 
protocol adherence (major violations in 
30% of patients), which probably was 
the result of newly available evidence 
that made participation less attractive. 
An additional interpretation bias was 
introduced through the exclusion of 
patients with protocol violations from 
the denominator in various compari-
sons in the alternating per-protocol and 
intention-to-treat analyses—neither of 
which accounted for the entire enrolled 
popu la tion (about 40% of patients were 
excluded from the primary analysis). 
Finally, a positive eff ect of whole-brain 
radiotherapy on progression-free 
survival but not on overall survival 
suggests an unbalanced eff ect of 
salvage therapy. A higher proportion 
of patients who experienced disease 
failure (progression or relapse) after 
chemotherapy alone received salvage 
treatment compared with relapsed 
patients assigned to initially receive 
chemo radiation. Most patients assigned 
to receive chemo radiation who relapsed 
received salvage chemo therapy, often 
including drugs with unproven activity 
in primary CNS lymphoma, whereas 
76% of patients who experienced 
disease failure after chemo therapy 
alone received salvage whole-brain 
radiotherapy, which is highly eff ective.4 
This disparity led to a consequent biased 
benefi t for these patients.

Thiel and colleagues’ trial provides 
inconsistent data for iatrogenic 
neurotoxicity because this complication 
was exclusively assessed by MRI, 
which is unreliable in this context.5 
Mini-mental status examination was 
not done and clinical assessment was 
available only in a third of complete 
responders. Moreover, both subgroups 
of patients, that is, those who 
achieved complete remission after 
chemotherapy but before whole-brain 
radiotherapy (32 in the chemoradiation 
group; 24 in the chemotherapy-alone 
group) and those who remitted after 
whole-brain radiotherapy (25 in the 

chemotherapy-alone group) were 
analysed together; necessarily, the last 
subgroup of irradiated patients suff ered 
the negative eff ects of persistent 
disease for longer than did the former 
two groups.

The G-PCNSL-SG-1 trial is compro-
mised by several fl aws in design and 
under taking, and failed to prove its 
primary hypothesis. In the Comment,2 
Cabanillas answered the open question 
about consolidation whole-brain 
radio therapy with another question, 
which confi rms that the uncertainty 
remains unaltered after the G-PCNSL-
SG-1 trial. In the future, improved trial 
design and execution will maximise 
opportunities for assessment of this 
rare malignancy. 
The authors declared no confl icts of interest.
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ü Poor protocol adherence (57.7%)

ü Randomisation caveats and low statistical power

ü Long accrual period (2000-2009, 75 centers)

ü Involvement of many centers with little experience in PCNSL (high rates of erroneous

response assessment, patients lost to follow-up, and toxic deaths).

ü Inconsistent data for iatrogenic neurotoxicity (exclusively assessed by MRI)

ü Positive effect of WBRT on PFS and not in OS suggest an unbalanced effect of salvage therapy

The G-PCNSL-SG-1 trial is compromised by several 
flaws and failed to prove its primary hypothesis.

Lancet 2011



Combined Immunochemotherapy With Reduced
Whole-Brain Radiotherapy for Newly Diagnosed Primary
CNS Lymphoma
Gaurav D. Shah, Joachim Yahalom, Denise D. Correa, Rose K. Lai, Jeffrey J. Raizer, David Schiff,
Renato LaRocca, Barbara Grant, Lisa M. DeAngelis, and Lauren E. Abrey

A B S T R A C T

Purpose
Our goals were to evaluate the safety of adding rituximab to methotrexate (MTX)-based
chemotherapy for primary CNS lymphoma, determine whether additional cycles of induction
chemotherapy improve the complete response (CR) rate, and examine effectiveness and toxicity
of reduced-dose whole-brain radiotherapy (WBRT) after CR.

Patients and Methods
Thirty patients (17 women; median age, 57 years; median Karnofsky performance score, 70) were
treated with five to seven cycles of induction chemotherapy (rituximab, MTX, procarbazine, and
vincristine [R-MPV]) as follows: day 1, rituximab 500 mg/m2; day 2, MTX 3.5 gm/m2 and vincristine
1.4 mg/m2. Procarbazine 100 mg/m2/d was administered for 7 days with odd-numbered cycles.
Patients achieving CR received dose-reduced WBRT (23.4 Gy), and all others received standard
WBRT (45 Gy). Two cycles of high-dose cytarabine were administered after WBRT. CSF levels of
rituximab were assessed in selected patients, and prospective neurocognitive evaluations were
performed.

Results
With a median follow-up of 37 months, 2-year overall and progression-free survival was 67% and
57%, respectively. Forty-four percent of patients achieved a CR after five or fewer cycles, and
78% after seven cycles. The overall response rate was 93%. Nineteen of 21 CR patients received
the planned 23.4 Gy WBRT. The most commonly observed grade 3 to 4 toxicities included
neutropenia (43%), thrombocytopenia (36%), and leukopenia (23%). No treatment-related neuro-
toxicity has been observed.

Conclusion
The addition of rituximab to MPV increased the risk of significant neutropenia requiring routine
growth factor support. Additional cycles of R-MPV nearly doubled the CR rate. Reduced-dose
WBRT was not associated with neurocognitive decline, and disease control to date is excellent.

J Clin Oncol 25:4730-4735. © 2007 by American Society of Clinical Oncology

INTRODUCTION

Treatment of primary CNS lymphoma (PCNSL)
typically consists of methotrexate (MTX)-based
chemotherapy with or without the addition of
whole-brain radiotherapy (WBRT). Although
this treatment strategy results in high rates of
disease remission, more than half of patients
eventually progress, and few patients are cured of
their disease. Furthermore, the addition of WBRT
significantly increases the risk of treatment-
related neurotoxicity, particularly in the elder-
ly.1,2 Therefore, a treatment regimen that is both
more effective and less toxic is required to im-
prove patient outcome.

We recently reported long-term follow-up on a
series of 57 patients treated with a high-dose MTX-
based regimen with or without WBRT.3 In this se-
ries, median overall survival (OS) with more than a
decade of follow-up was 51 months; 48% of patients
developed tumor progression, and 33% developed
treatment-related neurotoxicity. In an effort to
improve on these results, we modified both the
chemotherapy and WBRT regimen. Rituximab, a
chimeric monoclonal antibody designed to target
the CD20 antigen present on B lymphocytes, was
incorporated into our chemotherapy regimen. It en-
hances the efficacy of standard chemotherapy regi-
mens for comparable systemic non-Hodgkin’s
lymphoma (NHL) and has been incorporated into
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all initial combination chemotherapy regimens.4-6 Clinical experi-
ence with rituximab in PCNSL is limited; however, a number of
reports suggest that it may be an active agent despite its large size
and difficulty crossing an intact blood-brain barrier.7,8 We also
extended the chemotherapy cycles in an effort to improve the
complete response (CR) rate.

WBRT is an effective treatment modality that contributes to
disease control, but the risk of late neurotoxicity associated with com-
bined MTX-based chemotherapy and WBRT is unacceptably high.
Up to 90% of PCNSL patients older than 60 years treated with
combined-modality therapy develop leukoencephalopathy; the risk to
younger patients is poorly defined because symptoms do not develop
for several years after treatment.9 As a result, recent investigations have
focused on using chemotherapy alone and reserving WBRT for tumor
recurrence. An alternate strategy may be to deliver a lower dose of
WBRT to patients in radiographic remission after chemotherapy. The
current dose recommended for PCNSL (45 Gy) was derived in part
when WBRT was the sole treatment modality before the use of MTX-
based chemotherapy.10 It is possible that a lower total dose would
retain efficacy in terms of disease control with less neurocognitive
morbidity. In recent years, several studies have indicated that lowering
the dosage of consolidation radiotherapy from 40 to 45 Gy down to
the 20- to 30-Gy range in Hodgkin’s lymphoma and NHL has not
compromised disease control. In light of these results in systemic
lymphoma, the dose of WBRT was decreased to 23.4 Gy in our PCNSL
patients who achieved a CR to induction chemotherapy.11-13

PATIENTS AND METHODS

Patient Characteristics
Immunocompetent patients with newly diagnosed, histologically con-

firmed B-cell PCNSL were eligible to participate. This prospective multicenter
trial recruited patients between 2002 and 2005 from Memorial Sloan-
Kettering Cancer Center (New York, NY), Northwestern University (Chicago,
IL), University of Virginia Health Science Center (Charlottesville, VA), Uni-
versity of Vermont (Burlington, VT), and the Kentuckiana Cancer Institute
(Louisville, KY). All patients signed written informed consent before partici-
pation, and the protocol was approved by the institutional review board at
each participating institution.

Pretreatment evaluation included 24-hour urine collection for creat-
inine clearance (minimum required 50 mL/min); CSF cytology; complete
ophthalmologic examination including slit lamp; computed tomography
scan of the chest, abdomen, and pelvis; bone marrow biopsy; and a baseline
neuropsychological evaluation. Adequate bone marrow, renal, and liver
functions were required for participation. Patients with evidence of sys-
temic lymphoma or other active malignancy were excluded. All patients
were HIV-1 negative, and none had received any prior therapy for PCNSL.
There were no limits with regard to age or performance status. Patients
whose CSF was positive for malignant cells had an Ommaya reservoir
placed for intrathecal MTX administration.

Induction Chemotherapy
Induction chemotherapy consisted of five to seven biweekly cycles of

rituximab, MTX, procarbazine, and vincristine (R-MPV; Fig 1). Rituximab
500 mg/m2 was administered intravenously on day 1 of each cycle as a 5-hour
infusion with standard premedications. MTX 3.5 gm/m2 was infused over 2
hours on day 2 of each cycle, with standard pretreatment hydration and
alkalinization of urine (target urine pH ! 7.0). Leucovorin rescue (20 to 25 mg
every 6 hours) was begun 24 hours after MTX infusion and continued for at
least 72 hours or until the serum MTX level fell below 1 " 10#8 mg/dL.
Leucovorin was increased to 40 mg every 4 hours if MTX levels were toxic

(48-hour level ! 1 " 10#5 mg/dL, or 72-hour level ! 1 " 10#8 mg/dL).
Vincristine 1.4 mg/m2 (maximum dose, 2.8 mg) was administered on day 2 of
each cycle. Procarbazine 100 mg/m2/d for 7 days was administered during
odd-numbered cycles only. Intra-Ommaya MTX 12 mg was administered
between days 5 and 12 of each cycle to patients with positive CSF cytology.

Patients were evaluated for response after five cycles of R-MPV (dis-
cussed later herein). If a CR was seen, the patients went on to receive reduced-
dose WBRT. If a partial response (PR) was observed, patients received two
additional cycles of R-MPV and were re-evaluated. A CR after seven cycles also
led to low-dose WBRT, but evidence of any persistent disease led to full-dose
WBRT. Patients with stable disease or progressive disease after five cycles
received full-dose WBRT.

Radiotherapy
WBRT was started 3 to 5 weeks after the completion of R-MPV. Patients

who attained a CR after R-MPV received WBRT to a total dose of 23.4 Gy
(1.8 Gy/fraction " 13 daily). Patients who attained less than a CR after seven
courses of R-MPV received a total dose of 45 Gy (1.8 Gy/fraction " 25 daily).
Patients with ocular involvement were irradiated without orbital shielding to
the full dose of 23.4 Gy for patients with CR, and to a dose of 36 Gy for patients
with less than a CR.

Consolidation Chemotherapy
After completion of WBRT, two cycles of cytarabine were adminis-

tered at 3 gm/m2/d (maximum daily dose, 6 gm) for 2 days, infused over
approximately 3 hours. Granulocyte colony-stimulating factor support
was administered to all patients for 10 days starting 48 hours after comple-
tion of the day-2 cytarabine infusion. A second cycle of cytarabine was
administered 1month later.

Evaluation During Treatment
Treatment response was evaluated after five and/or seven cycles of

R-MPV, after WBRT, and at completion of all treatment. Response was deter-
mined according to the International Criteria for PCNSL.14

Neuropsychological evaluations were performed in a subset of pa-
tients at baseline, after R-MVP and before WBRT, and 6 and 12 months
after completion of all therapy. The neuropsychological test battery in-
cluded tests of attention (Digit Span subtest, WAIS-III), executive func-
tions (Trail Making Test Parts A & B; Brief Test of Attention, Controlled
Oral Word Association Test; Stroop Color-Word Test), verbal memory
(Hopkins Verbal Learning Test, Revised), psychomotor speed (Grooved
Pegboard Test), Language (Boston Naming Test; Semantic Fluency), and
visual-construction (Clock Drawing Test).

In patients with an Ommaya reservoir, serum and CSF were collected for
measurement of rituximab levels. CSF and serum samples were collected

R-MPV (5 cycles)

MRI

PR

2 more cycles
CR SD or PD

WBRT 23.4 Gy WBRT 45 Gy

Ara-C

Less than CR

Fig 1. Schematic of study design. R-MPV, rituximab, methotrexate, procarba-
zine, and vincristine; CR, complete response; PR, partial response; SD, stable
disease; PD, progressive disease; WBRT, whole-brain radiotherapy.
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Reduced dose WBRT
ü Chemotherapy R-MVP

• Rituximab
• Methotrexate
• Vincristine
• Procarbazine

ü WBRT
• rdWBRT (23.4 Gy/13 fr) if CR after chemo
• WBRT (45 Gy/25 fr) if PR-SD-PD after chemo

ü Consolidative CT
• High dose ARA-Cx 2 cycles

CR rate: 47%
ORR rate: 95%

Gaurav et al. 2007



Reduced Dose WBRT

Median PFS 7.7 years

Median OS not reached

PFS:
1 year 84%
2 year 77%
3 year 71%

OS:
1 year 94%
2 year 90%
3 year 87%

Morris et al. 2013



Toxicity profile

Prospective comprehensive neuropsychological evaluations:
ü At baseline
ü After induction chemotherapy (before rdWBRT)
ü At 6-months after completion of rdWBRT

Three cognitive domains were evaluated:
ü Executive (Trail Making Test; Brief Test of Attention)
ü Verbal memory (Hopkins Verbal Learning Test)
ü Motor speed (Grooved Pegboard Test)

RESULTS
ü At baseline, cognitive impairment was present in several domains.
ü After CT, there was a significant improvement in executive (P<0.01)

and verbal memory (P<0.05)
ü There was no evidence of significant cognitive decline, except

for motor speed (P<0.05).
ü Self-reported quality of life remained stable during the follow-up

period
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Patient Population:  (See Section 3.0 for Eligibility)  
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o Brain biopsy  

 
 
 
 
 
 
 
 
 
 
 
 
Required Sample Size: 89 patients 
  

ENROLLMENT CLOSED



ü Median follow up 55 months, 91 patients

ü Response rate: 83% (CT) vs 81% (CTRT)

ü Median PFS: 25 months CT arm, not reached CTRT arm

ü 2 year PFS 54% (CT) vs 78% (CTRT)

ü Addiction of LD-WBRT to R-MPV-A improves PFS

ü Severe neurotoxicity rates were not statistically

significantly increased

LD-WBRT dose: 23,4 Gy/13 fr



219 pts (118 for second
randomisation)



ORR:
Arm A: 53% (CR 23%)
Arm B: 74% (CR 30%)
Arm C: 87% (CR 49%)

OS @ 2 years:
Arm A: 40%
Arm B: 58%
Arm C: 66%

Ferreri AJM. et al. Lancet Hematol 2016;3





Ferreri AJM. et al. Lancet Haematol 2017

PFS (per protocol) OS (per protocol)

2 ys PFS 80% (WBRT) vs 
69% (ASCT)





Houillier C et al JCO 2019

ü No significative difference in OS, PFS, ORR, CR rate, relapse rate 

ü Neuropsychological tests were different and inconsistently reported in the two studies

ü A trend toward lower tretament related mortality in WBRT arm compared to auto-HCT arm (not significant)

ü Both studies showed a significant decline in attention/executive function in WBRT compared to auto-HCT



ü NO superiority of auto-HCT or WBRT consolidation therapies, but more neurocognitive decline

associated with WBRT

ü Decision is individualized based on age, frailty, and co-morbidities. 

ü One of the main goals is to improve efficacy while minimizing toxicity

ü Ongoing clinical trials with novel agents as maintenance strategies can provide similar outcomes with 

better toxicity profile



JCO 2022

ü Median follow-up 8 years

ü 53 and 44 pts: induction CT followed by WBRT or ASCT, respectively

R-MBVP (rituximab, HD-MTX, etoposide, carmustine, prednisone)



JCO 2022

ü Event free survival: 67% and 39% in ASCT and WBRT respectively (significantly lower risk of relapse after ASCT, 

p<0,001)

ü OS: 69% and 65% in ASCT and WBRT respectively (not significant)

ü Balance (52% vs 10%) and neurocognition (64% vs 13%) significantly deteriorated after WBRT compared with ASCT



Blood Advances 2022

ü Retrospective data in patients <60 years inCR after HD-MTD

ü 2013-2018, 29 pts

ü Neuropsychological follow up: maintenance or improvements their

baseline conditions



ü Statistically significant improvement from baseline up to year 3 in attention/executive functions, 

graphomotor speed, and memory in both groups

ü Decline in attention/ececutive functions and memory after year 3 in both groups and increase in brain 

structure abnormalities

ü No difference in cognitive performance or QoL



ONGOING TRIALS on the role of maintenance therapy



CONCLUSIONS 

ü A Consolidative therapy is strongly recommended after

induction chemotherapy for PCNSL

ü WBRT and ASCT are both effective, as consolidation

therapies after high-dose-methotrexate-based

chemoimmunotherapy with a 95% CR rate, and 75-80%

progression-free survivors at 2 years

ü The best consolidative approach should be individualized

based on age, frailty and co-morbidities within a

multidisciplinary tumor board, taking into account the toxicity

profile of each strategy.

Multidisciplinary 
Team 



Keith Haring -
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