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Abstract: Delayed treatment-related neurotoxicity is a frequent complication among long-term survivors
of primary central nervous system lymphoma (PCNSL), and many patients experience cognitive difficulties
that interfere with their ability to function at pre-diagnosis levels. This article provides a comprehensive
review of cognitive functioning in adult patients with PCNSL according to treatment modality, and it
includes articles reporting the results of standardized cognitive assessments. The literature review indicated
that cognitive functions were assessed with standardized neuropsychological tests in a relatively limited
number of studies. Most studies reported diffuse cognitive impairment at baseline and prior to treatment,
likely related to the disease, and improvement following induction high-dose methotrexate (HD-MTX)-based
chemotherapy. Studies that assessed cognitive functions systematically months to years after HD-MTX-
based chemotherapy and consolidation whole-brain radiotherapy (WBRT) reported cognitive impairment
and white matter abnormalities in most patients. The cognitive domains often disrupted by treatment adverse
effects include attention, executive functions, graphomotor speed, and memory. Among patients treated with
HD-MTX-based chemotherapy or blood brain barrier disruption (BBBD) chemotherapy alone, there was
evidence of stable or improved cognitive performance and quality of life (QoL) over time, with subsets of
patients showing cognitive decline. Recent prospective randomized longitudinal studies comparing treatment
modalities have reported stable or improved cognitive functions over time among most patients treated
with HD-MTX-based chemotherapy alone or followed by consolidation with high-dose chemotherapy and
autologous stem cell transplantation (ASCT), and cognitive decline in patients treated with consolidation
WBRT; although reduced-dose WBRT was associated with less pronounced neurotoxicity. Additional
collaborative, randomized, prospective longitudinal studies including standardized assessments of cognitive
functions are needed to improve our knowledge and understanding of treatment-related neurotoxicity in this

population.
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Introduction

Primary central nervous system lymphoma (PCNSL) is a
rare infiltrative tumor that develops most frequently in the
subcortical periventricular white matter, with multifocal

lesions occurring in 30-40% of patients (1,2). It is a
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disease with a mean age at diagnosis of 60 years, and it is
more common in men (3). Focal neurological signs are
the most typical presentation followed by behavioral and
cognitive symptoms, headaches and seizures (4,5). The
standard treatment for PCNSL often includes high-dose
methotrexate (HD-MTX)-based regimens, high-dose
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cytarabine (HD-ARA-C) and whole-brain radiotherapy
(WBRT) (6,7). Although this combined modality
treatment approach is effective, with a median survival of
30 to 60 months (1,8), it is often associated with delayed
neurotoxicity in most patients (9-12). HD-MTX-based
chemotherapy without WBRT has shown to be effective in
the treatment of PCNSL and to reduce the risk of delayed
neurotoxicity (5). However, the long-term efficacy of HD-
MTX-based regimens with or without blood brain barrier
disruption (BBBD) or followed by high-dose chemotherapy
and autologous stem cell transplantation (ASCT) remains
to be confirmed, as many patients relapse and require
treatment with WBRT or chemotherapy (4,7,13). Novel
agents like the Bruton tyrosine kinase inhibitor ibrutinib
or immunomodulatory drugs have shown promising results
in the treatment of recurrent/refractory PCNSL (14), and
future studies assessing cognitive outcome associated with
these regimens would be relevant.

Long-term survivors of PCNSL often experience
delayed treatment-related cognitive dysfunction that can
interfere with their quality of life (QoL) (15,16). Cognitive
dysfunction is likely related to multiple factors including
the effects of the tumor itself given its infiltrative pattern,
age, and the delayed effects of treatment with HD-MTX-
based chemotherapy and WBRT, either combined or
alone (17). It is considered the most frequent complication
among long-term survivors (18), and may disrupt their
ability to function at pre-diagnosis levels professionally
and socially (19,20). The pattern of cognitive deficits is
often diffuse and the domains disrupted include attention,
executive functions, graphomotor speed, and learning and
retrieval of new information (15).

The importance of assessing cognitive dysfunction
associated with HD-MTX-based regimens with and
without WBRT has been recognized by the International
Primary CNS Lymphoma Collaborative Group IPCG)
(7,21). Guidelines for standardized cognitive assessments
and follow up intervals have been developed (15), and these
have been incorporated in recent studies (22-24).

An initial literature review (15) indicated that cognitive
function was evaluated systematically with standardized
neuropsychological tests in a relatively small number
of studies, and methodological problems limited the
understanding of the contribution of disease and treatment
in early studies. A more recent systematic literature
review (16) indicated an increase in the number of studies
including standardized neuropsychological tests to assess
cognitive outcome; however, several continued to use only
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mental status screening tools to assess cognitive functions.
Brief cognitive screening tests (e.g., mini-mental status
exam) have been shown decreased sensitivity to detect
cognitive dysfunction in patients with brain tumors (25,26),
and provide an underestimation of the incidence and extent
of cognitive dysfunction in patients with PCNSL. The
current review focuses primarily on cognitive outcome in
patients with PCNSL, and it includes studies that reported
the results of standardized cognitive assessments.

We present the following article in accordance with the
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/a0l-20-37).

Methods

This article provides a comprehensive review and update
of studies assessing neurocognitive functions in patients
with PCNSL according to different treatment modalities.
An extensive search for articles published up until October
1, 2020 and available in MEDLINE/PubMed, Cochrane,
and Google Scholar was performed. Search terms included
“PCNSL”, “cognitive” and “cognition.” Original peer-
reviewed articles published in English and reporting the
results of standardized cognitive assessments in adult
patients with PCNSL were eligible for inclusion. Case
studies and articles including only the results of mental
status screening examinations or Karnofsky Performance
Scale scores were excluded.

Discussion
Treatment-related delayed neurotoxicity

The adverse effects of chemotherapy and radiotherapy have
been described to involve demyelination, inflammation, and
microvascular injury (27). The pathophysiological mechanisms
of radiation injury involve interactions among multiple cell
types within the brain including astrocytes, endothelial cells,
microglia, neurons and oligodendrocytes (28). Blood-vessel
dilatation and wall thickening with hyalinization, increased
BBB permeability due to endothelial cell loss and apoptosis,
and a decrease in vessel density have been hypothesized
to lead to white matter necrosis (28,29). Depletion of
oligodendrocytes, microglial inflammation and disruption
of hippocampal neurogenesis have been described after
radiation (30,31). Radiation may diminish the reproductive
capacity of the O-2A progenitors of oligodendrocytes,
astrocytes and microglia, disrupting the normal turnover
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Figure 1 T1-weighted axial FLAIR MRI images from a 64-year-old patient with PCNSL showing (A) homogeneously enhancing tumor

at diagnosis, and periventricular white matter abnormalities: (B) post-induction HD-MTX-based chemotherapy, (C) one-year post-

consolidation with WBRT and HD-ARA-C, (D) two years post-treatment, (E) three years post-treatment, and (F) four years post-treatment.

FLAIR, fluid-attenuated inversion recovery; MRI, magnetic resonance imaging; PCNSL, primary central nervous system lymphoma; HD-
MTX, high-dose methotrexate; HD-ARA-C, high-dose cytarabine; WBRT, whole-brain radiotherapy.

of myelin (32,33). Progressive demyelination may take
months to cause symptoms because of the slow turn-over
of oligodendrocytes, contributing to the latency in onset
of neurotoxicity and its progressive nature. The prevalence
of radiation-induced brain injury appears to increase with
volume of radiated tissue, dose of radiation, dose per
fraction, concomitant administration of chemotherapy, and
age >60 years (34,35).

There is increasing evidence that chemotherapy has
direct toxic effects on progenitor cells and oligodendrocytes,
and disrupts gliogenesis and neurogenesis (36). The
pathophysiological mechanisms are suggested to include
demyelination, secondary inflammatory response, oxidative
stress and DNA damage, immune dysregulation, and
microvascular injury (37). Neurotoxicity has been reported
after treatments including HD-MTX-based chemotherapy
and HD-ARA-C (1,38), and intrathecal chemotherapy
is more likely to cause CNS toxicity. A recent study
demonstrated that MTX can induce long-term tri-glial
dysfunction and disrupt oligodendrocyte lineage cells,
astrocytes, and microglia homeostasis (33). Decrease in
white matter density in the corpus callosum, hippocampal
cell death, and memory impairments were reported in
rats after administration of HD-MTX (39). Combined
treatment with radiotherapy and chemotherapy may have
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synergistic adverse effects (40), as chemotherapy agents may
act as a radiosensitizer.

In patients with PCNSL treated with combined modality
therapy including HD-M'TX-based chemotherapy and
WBRT, magnetic resonance imaging (MRI) studies often
show diffuse white matter abnormalities (Figure 1)
and atrophy, and in some cases, communicating
hydrocephalus (27). Several chemotherapeutic agents,
particularly HD-MTX-based chemotherapy and HD-
ARA-C, have been associated with the development of
periventricular white matter abnormalities (36), but often
less extensive following combined modality treatment. In
a recent prospective study, Estephan ez a/. (41) reported
that 62% of patients with PCNSL developed white matter
abnormalities 3-6 months after treatment with HD-MTX-
based chemotherapy, and these were more extensive in
patients treated with rituximab.

Recent studies suggest that HD-MTX-based regimens
without WBRT (11,42,43), or with reduced-dose
WBRT (44), and HD-MTX-based chemotherapy followed
by high-dose chemotherapy and ASCT (22,45,46), can
be efficacious and may diminish the risk for delayed
neurotoxicity. However, since disease relapse is relatively
common, requiring additional therapy with WBRT or
chemotherapy (13), the optimal induction and consolidative
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treatment for PCNSL remains controversial. The
contribution of the disease and the adverse effects of
different treatments regimens to cognitive dysfunction
requires further study, as the neurotoxicity of combined
treatments and individual chemotherapy agents is difficult
to determine when each can contribute to CNS damage (40).

HD-MTX-based chemotherapy + WBRT regimens

Pels et al. (47) studied cognitive functions in twenty-seven
patients with PCNSL (age range, 27-74 years) subsequent
to treatment with HD-MTX-based chemotherapy alone,
WBRT alone, or combined modality therapy. Thirteen
patients were evaluated between 1 and 95 months after
WBRT either alone or in combination with HD-MTX-
based chemotherapy, and eight had cognitive deficits
[five had progression of disease (PD), or partial treatment
response (PR), and two had complete treatment response
(CR)]. On subsequent follow-ups, nine of the thirteen
patients had cognitive decline (three had PD or PR, and
five had stable disease). Fourteen patients had cognitive
evaluations 10 to 38 months post-HD-MTX-based
chemotherapy, with ten showing cognitive deficits (two had
PR and seven had CR). On subsequent follow-ups, nine of
the fourteen patients with CR improved, and two patients
with PD declined. The neuropsychological tests and
scores were not reported. The findings were interpreted to
suggest that WBRT either alone or in combination with
chemotherapy was associated with cognitive deterioration.
However, the inclusion of patients with PD or PR limited
the ability to differentiate tumor and treatment adverse
effects.

Harder et al. (20) studied cognitive functions in nineteen
PCNSL patients (median age =44 years, range, 24-63 years)
treated with HD-MTX-based chemotherapy followed by
WBRT. Patients had a CR and were evaluated at a mean
of 23 months (SD =14) after treatment completion. Eleven
patients had mild to moderate impairment (4/18 test indices
impaired), and four patients had severe impairment (>6
test indices impaired). In comparison to a non-CNS cancer
control group, patients with PCNSL had lower scores on
verbal and visual memory, attention, executive functions,
and motor speed. Self-report QoL assessment showed that
compared to controls, patients with PCNSL reported lower
cognitive, emotional, and social functioning. The authors
concluded that combined modality therapy was associated
with cognitive impairment even in patients younger than
60 years.
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Correa et al. (19) studied cognitive functions in twenty-
eight patients with PCNSL treated with WBRT + HD-
MTX-based chemotherapy (n=18, median age =53 years,
range, 36-73 years) or HD-MTX-based chemotherapy
alone (n=10, median age =72, range, 60-85 years). Patients
were without evidence of disease progression and the mean
time since treatment completion was 61 months (SD =40)
for patients who had combined modality therapy, and 18
months (SD =16) for patients treated with chemotherapy
alone. Patients treated with WBRT + HD-MTX-based
chemotherapy had impairments (scores 1.5 SD below the
normative mean) in attention/executive function, verbal
memory, graphomotor speed, and naming. Patients treated
with chemotherapy only had impairments in graphomotor
speed and scored within 1 SD below the normative mean
on other cognitive domains. In patients treated with WBRT
+ HD-MTX-based chemotherapy, memory performance
did not differ according to time since treatment completion
(260 months, n=9; >60 months, n=9), but it was significantly
more impaired than that of patients treated with
chemotherapy only (<60 months). Patients treated with
the combined modality regimen had more extensive white
matter abnormalities on MRI, and these were associated
with worse performance in attention/executive functions
and memory. Self-report QoL showed that 50% of patients
were either unemployed or worked at a lower capacity
than prior to their illness, with no differences according to
treatment modality. The authors concluded that WBRT =
HD-MTX-based chemotherapy was associated with more
pronounced cognitive impairment than chemotherapy
alone.

In a subsequent study including additional PCNSL
survivors, Correa ef /. (10) reported cognitive outcome
in patients treated with WBRT + HD-MTX-based
chemotherapy (n=24, mean age =53.5 years, SD =8.9) or
HD-MTX-based chemotherapy alone (n=26, mean age
=70.6 years, SD =8.2). Compared with patients treated
with combined regimens, patients treated with HD-
MTX-based chemotherapy alone were significantly
older and had shorter time since treatment completion
(mean =15 months, SD =12.9 vs. 51 months, SD =39.5).
Comparisons according to treatment type, controlling
for age and time since treatment completion, showed that
patients treated with chemotherapy alone had significantly
higher scores in attention, executive function, and
memory, compared to patients treated with WBRT + HD-
MTX-based chemotherapy, who had impaired scores on
most cognitive domains. However, patients treated with
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chemotherapy alone scored 1 SD below the normative
sample. Patients with more extensive white matter
abnormalities on MRIs (regardless of treatment modality)
had lower scores on tests of set-shifting and memory.
Consistent with the cognitive findings, patients treated with
chemotherapy alone reported more intact QoL. Thirty-
three patients completed an additional follow-up assessment
at a mean of 14-16 months after the initial visit. There
were no significant changes on any of the cognitive tests
among patients treated with WBRT + HD-MTX, and an
improvement in auditory attention in patients treated with
HD-MTX-based chemotherapy alone. The findings were
interpreted to suggest that cognitive dysfunction was more
frequent in PCNSL survivors treated with WBRT + HD-
MTX-based chemotherapy.

Blood-brain barrier disruption chemotherapy with WBRT

Neuwelt ez al. (48) studied twelve patients with PCNSL (age
range, 18-66 years) prior to and one-year post treatment
and all patients had a CR. WBRT was completed pre-
BBBD chemotherapy for three patients and post-BBBD
chemotherapy for two patients, and seven had no WBRT.
Among the seven patients treated with BBBD chemotherapy,
6 had stable or improved summary z-scores 1-7 years
post-treatment, relative to baseline. Of note, most scores
at treatment completion were within the normal range.
Specific tests used and scores were not reported. Among
patients who received WBRT, results were more equivocal,
with two of five patients having significant cognitive decline.
Dahlborg er al. (49) studied twenty-two patients with
PCNSL [some were included in Neuwelt ez /. (48)] pre-
and one-year post-treatment with BBBD chemotherapy
with and without WBRT. The results (summary z-scores)
showed that of the fifteen patients treated with BBBD
chemotherapy, cognitive functioning either remained stable
or improved. In contrast, three of eight patients treated with
WBRT had declines approaching one standard deviation.
There was stability or improvement in cognitive functions
following BBBD chemotherapy without WBRT in all age
groups, including among patients over the age of 60 (n=7).

Blood-brain barrier disruption chemotherapy without
WBRT

Crossen et al. (50) studied eight patients with PCNSL
(mean age =55.6, range, 37-69 years) pre- and post-BBBD
chemotherapy (median of 1 year, range, 1-7 years) using
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standardized tests of intellectual functioning, psychomotor
speed, executive functioning, verbal and visual memory, and
motor speed. Patients had significant impairment on tests of
executive functions, learning and memory, and motor speed
at baseline. There was no decline in the summary z-score
(defined as a difference of at least one SD) post-treatment;
two patients improved while six remained stable. All
patients had a CR. However, examination of individual test
scores, showed that two patients declined on visual memory,
and one declined in executive function, delayed memory,
and motor speed.

McAllister et al. (51) studied twenty-three patients
with PCNSL (age <60 years) before and after BBBD
chemotherapy (mean =16.5 months, SD =10.9); all
had a CR. The standardized cognitive tests used were
described previously (50). The results showed a significant
improvement in cognitive functioning post-treatment
(summary z-score). An evaluation of individual scores
showed improvement in intellectual functioning, learning
and memory, attention and visuospatial skills; a non-
significant trend was seen for executive functions. Seven
patients had declines in individual test scores, primarily in
motor speed.

Neuwelt ez al. (52) studied fifteen patients with PCNSL
(mean age =50.5, range, 28—68 years) pre- and one-year
post-treatment; nine patients also had long-term follow-up
(mean =3.5 years after diagnosis). The neuropsychological
test battery was described previously (50). The summary
z-scores ranged from -2.59 to 0.46 (mean =-1.1, SD =1.1)
at baseline, and from -1.45 to 0.26 (mean =0.35, SD =0.5)
at the end of treatment. Paired samples 7-tests indicted
a significant improvement in cognitive functioning from
baseline. Long-term follow up showed no evidence of
cognitive decline among patients without disease recurrence
for more than two years.

HD-MTX-based chemotherapy regimens

Schlegel et al. (53) studied cognitive functions in ten
patients with PCNSL (median age =64 years, range,
27-71 years) pre- and post-treatment with HD-MTX-based
chemotherapy (median =32 months, range, 2-59 months).
Patients had either a PR (n=2) or CR (n=8). A standardized
neuropsychological test battery was used to assess attention,
verbal and visual memory, verbal fluency and visuospatial
skills (tests and test scores were not included). Nine patients
showed stable or improved cognitive summary test scores
with a median of 95 (with 10010 as reference value) at the
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last follow-up evaluation performed 15-41 months post-
treatment; one patient with a history of PD had severe
cognitive impairment. The authors reported no evidence of
treatment-related cognitive impairment.

Pels et al. (54) assessed cognitive functions in twenty-
two patients with PCNSL (median age =62 years, range,
27-75 years) between 4 and 82 months post-HD-MTX-
based chemotherapy. There was no decline in attention,
verbal memory, visual memory, word fluency or visual-
construction abilities in patients who had either a PR or CR
(test scores were not included). Although older patients had
lower test scores, cognitive performance post-treatment was
similar for patients younger and older than 60 years.

Fliessbach ez al. (55) studied ten patients with PCNSL
(median age =60 years, range, 27-67 years) who completed
serial cognitive assessments pre- and post-HD-MTX-
based chemotherapy (median =36 months, range,
21-69 months), and had either a CR or PR. At baseline,
five of the eight patients who were tested had cognitive
impairment. At a 4-month follow-up, four of the ten
patients improved, particularly in attention and verbal
memory. Patients without impairment at baseline remained
stable at follow-up. At the last follow-up, the summary
scores (with 100£10 as reference value) ranged from 86 to
109 (median =94), but test scores declined (for each test
in at least one patient) in written phonemic verbal fluency
and visual and verbal memory. There were no differences
in cognitive performance according to age. Cognitive
test scores were impaired in four patients with PD and
in two patients treated with WBRT or HD-MTX-based
chemotherapy. The authors concluded that there was no
treatment-related cognitive decline.

In another study, Fliessbach et a/. (56) assessed cognitive
functions in twenty-three patients with PCNSL (median
age =60 years, range 27-67 years) pre- and up to 44 months
post-HD-MTX-based chemotherapy (median =36 months,
range 21-69 months). All patients were in PR or CR.
At baseline, patients had impairments in attention and
executive functions, verbal and visual memory, and word
fluency (test scores were not included); these were classified
as mild in three patients, moderate in ten patients, and
severe in six patients. At the last follow-up, impairment (in
at least one domain) was mild in five patients, moderate
in five patients, and severe in one; twelve patients had no
deficits. Twenty-one patients improved, but scores remained
in the low average range on tests of attention, visual
memory, and word fluency. The authors concluded that the
cognitive deficits were mostly disease-related and there was
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no treatment-related cognitive decline.

Juergens er al. (42) studied cognitive functions in
nineteen patients with PCNSL before treatment with
systemic and intrathecal HD-MTX-based chemotherapy,
and 3-4 months and at a median of 100 months (range,
77-149 months) post-treatment. At baseline, there was
impairment in attention, executive functions, memory, word
fluency and psychomotor speed. There was improvement
at the initial post-treatment evaluation and either stable or
improved performance at the long-term follow ups in all
cognitive domains, except for visual memory which declined
at the last follow up. At the individual level, three patients
declined in verbal and visual memory and one patient
declined in visual memory and psychomotor speed at the
long-term follow up; 72% of patients reported good or very
good QoL. The authors concluded that the chemotherapy

regimen was not associated with delayed neurotoxicity.

Studies comparing multiple treatment modalities

Doolittle et /. (24) studied cognitive and neuroimaging
outcomes in eighty patients with PCNSL evaluated
at a median of 5.5 years (range, 2 to 26 years) after
diagnosis, and in stable remission. Treatment modalities
included: HD-MTX-based chemotherapy (n=32), HD-
MTX-based intra-arterial chemotherapy in conjunction
with BBBD chemotherapy (n=25), HD-MTX-based
chemotherapy followed by high-dose chemotherapy
and ASCT (n=8), and HD-MTX-based chemotherapy
followed by WBRT (median dose =4,500 cGy) (n=15); five
of these patients also received high-dose chemotherapy
and ASCT prior to WBRT. Patients treated with HD-
MTX-based chemotherapy and WBRT had significantly
lower mean test scores in attention, executive function
and motor speed compared to patients treated with HD-
MTX-based chemotherapy alone or in conjunction with
BBBD chemotherapy, and to all patients treated without
WBRT combined. Among patients treated with BBBD
chemotherapy evaluated at a median of 12 years post-
treatment, there was a significant improvement in executive
functions compared to baseline (pre-treatment), and no
changes or decline in other cognitive domains (57). White
mater abnormalities were more extensive in the patients
treated with WBRT, compared to patients treated with
chemotherapy alone regimens. The findings were consistent
with other studies suggesting a greater risk for delayed
neurotoxicity with regimens including WBRT.

Correa er al. (23) assessed cognitive functions
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prospectively up to five years in patients with PCNSL
treated with induction HD-MTX-based chemotherapy
followed by consolidation with either reduced-dose WBRT
(2,340 cGy) and ARA-C (n=14, mean age =59 years, SD
=7.2), or with high-dose chemotherapy and ASCT (n=15,
mean age =52 years, SD =13.2), who were without evidence
of disease progression. At baseline (pre-treatment), cognitive
test scores were impaired in all patients, likely related to
disease burden. There were no significant longitudinal
group differences in cognitive functions. There was a
significant improvement in attention/executive functions,
memory and motor speed from baseline up to three years,
regardless of treatment modality. However, there was a
significant decline in attention/executive functions and
memory after year 3 in both treatment groups. Patients
treated with reduced-dose WBRT had lower scores in
memory (learning and delayed recall) than patients treated
with high-dose chemotherapy and ASCT, particularly
after year 3, although the group comparisons were not
significant. Like the cognitive findings, there was an
improvement in self-reported QoL in both groups, and no
significant group differences. White matter abnormalities
increased over time in both groups, but more patients
treated with reduced-dose WBRT had cortical atrophy and
white matter abnormalities. The results suggested that both
treatment regimens may be associated with long delayed
neurotoxicity, although the adverse effects of reduced-
dose WBRT may be less severe than those described after
full-dose WBRT (10,24,44). The importance of long-term
follow up to characterize cognitive functions and treatment
adverse effects was highlighted.

Ferreri et al. (22) studied cognitive functions
prospectively in the context of the International Extranodal
Lymphoma Study Group-32 (IELSG-32) in fifty-seven
patients with PCNSL treated with induction HD-MTX-
based chemotherapy and subsequently randomized to
consolidation with either WBRT (3,600 cGy) (n=30,
mean age =58 years, range, 18-70 years) or myeloablative
high-dose chemotherapy and ASCT (n=27, mean age =56
years, range, 26-69 years); patients had stable disease.
Patients were evaluated at baseline (pre-treatment),
after completion of consolidation therapy, and every six
months up to two years. Compared to baseline, there was
improvement in most cognitive domains after consolidation
treatment in all patients, with a significant improvement
in attention, executive functions and visuospatial abilities
in patients treated with high-dose chemotherapy and
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ASCT. A comparison between assessments performed after
consolidation and at two years post-treatment (median
=28 months, range, 21-31 months for WBRT, range,
23-32 months for ASCT), showed a significant decline in
attention and executive functions in patients treated with
consolidation WBRT and a significant improvement in
attention, executive functions and memory, and QoL in
patients treated with consolidation high-dose chemotherapy
and ASCT. The findings suggested that WBRT was
associated with more neurotoxicity than chemotherapy-only
regimens, although less severe than reported in patients
treated with higher radiation doses.

Houillier er al. (46) studied cognitive functions
prospectively in the context of the PRECIS study in
patients with PCNSL (age range, 22-60 years) treated with
HD-MTX-based induction chemotherapy and randomized
to receive consolidation with either WBRT (4,000 cGy)
or high-dose chemotherapy and ASCT, and with stable
disease. Patients were evaluated at baseline (pre-treatment)
(n=104), at the end of induction chemotherapy (n=68),
and at 6 months (n=57), 12 months (n=52), 18 months
(n=48), 24 months (n=43), and 36 months (n=14) after
consolidation treatment. Compared to baseline, there was
an improvement on timed tests of graphomotor speed and
cognitive flexibility, and in memory immediately following
induction chemotherapy in both treatment arms. After
consolidation therapy, a substantial proportion of patients
treated with WBRT had lower scores in timed cognitive
flexibility and memory, compared to patients treated with
high-dose chemotherapy and ASCT who either remained
stable or improved over time in graphomotor speed and
cognitive flexibility and memory. The findings were thought
to be consistent with prior studies suggesting cognitive
decline after WBRT.

Conclusions

Treatment-related neurotoxicity is a significant problem in
patients with PCNSL as improvements in treatment have
prolonged survival. Cognitive dysfunction often limits the
patients’ ability to resume their pre-diagnosis social and
professional activities. A literature review indicated that
cognitive outcome was assessed systematically in a relatively
small number of studies, and that recent studies and clinical
trials (22-24,46) have begun to incorporate standardized
cognitive assessments as outcome measures, as proposed by

the IPCG guidelines (15).
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Most studies reported diffuse cognitive impairments
at diagnosis and prior to treatment, likely related to the
disease, and improvement following induction HD-MTX-
based chemotherapy. Studies that assessed cognitive
outcome in patients months to years after treatment with
HD-MTX-based chemotherapy and WBRT, or with
BBBD chemotherapy and WBRT reported cognitive
impairment and extensive white matter abnormalities in
most patients (10,20,24), consistent with the neurotoxicity
reported after WBRT and combined modality regimens
(27,28,58). Cognitive domains most likely to be disrupted
include attention, executive functions, memory, and
graphomotor speed. Deficits in these domains have also
been documented in diseases that affect the white matter or
cortical-subcortical circuitry (59). The retrospective designs
in some studies limited the ability to examine the specific
contributions of tumor and the delayed adverse effects of
treatment.

Studies describing cognitive outcome in patients treated
with HD-MTX-based regimens, or BBBD chemotherapy
alone were mostly prospective. The majority reported
either stable or improved cognitive performance and QoL
over time in most patients (42,54,56); although declines
in attention, memory, and graphomotor speed were seen
in subsets of patients across studies. Of note, some of the
earlier studies included patients with PD, limiting the
ability to identify the specific contributions of disease
and treatment. Several studies reported white matter
abnormalities in patients treated with chemotherapy
only regimens (23,24,41), consistent with evidence that
chemotherapy, particularly HD-MTX and HD-ARA-C, is
associated with neurotoxicity (33,36,38).

Recent prospective randomized studies have reported
stable or improved cognitive functions over time in patients
treated with induction HD-MTX-based chemotherapy
followed by consolidation with HD-chemotherapy and
ASCT, and cognitive decline in patients treated with
consolidation WBRT (22,46); albeit the decline was less
pronounced after reduced-dose WBRT compared to full-
dose regimens (22,23), suggesting that radiation dose may
be proportionally associated with neurotoxicity risk. Drop-
out rates over time in some longitudinal studies limited
the evaluation of the long-term cognitive adverse effects of
different treatment modalities.

Additional collaborative, prospective, randomized studies
including standardized evaluations of cognitive functions,
and long-term follow ups are needed to determine the

© Annals of Lymphoma. All rights reserved.
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incidence of cognitive dysfunction associated with various
treatment modalities in patients with PCNSL. The
use of similar standardized instruments and follow up
assessment intervals, as suggested by the IPCG guidelines,
would facilitate the comparison of results across different
studies. The findings from such studies would improve our
understanding of the neurotoxicity of various treatment
modalities and would provide important information to
facilitate treatment decision-making and the development of
interventions to prevent and improve cognitive dysfunction.
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