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Abstract

Background. The increasing incidence of brain metastases (BMs) and improved survival rates underscore the ne-
cessity to investigate the effects of treatments on individuals. The aim of this study was to evaluate the individual
trajectories of subjective and objective cognitive performance after radiotherapy in patients with BMs.

Methods. The study population consisted of adult patients with BMs referred for radiotherapy. A semi-structured
interview and comprehensive neurocognitive assessment (NCA) were used to assess both subjective and objec-
tive cognitive performance before, 3 months and > 11 months after radiotherapy. Reliable change indices were
used to identify individual, clinically meaningful changes.

Results. Thirty-six patients completed the 3-month follow-up, and 14 patients completed the > 11-months
follow-up. Depending on the domain, subjective cognitive decline was reported by 11-22% of patients. In total,
50% of patients reported subjective decline in at least one cognitive domain. Intracranial progression 3 months
postradiotherapy was a risk-factor for self-reported deterioration (P=.031). Objective changes were observed
across all domains, with a particular vulnerability for decline in memory at 3 months postradiotherapy. The ma-
jority of patients (81%) experienced both a deterioration as well as improvement (eg, mixed response) in objective
cognitive functioning. Results were similar for the long-term follow-up (3 to 211 months). No risk factors for objec-
tive cognitive change 3 months postradiotherapy were identified.

Conclusions. Our study revealed that the majority of patients with BMs will show a mixed cognitive response
following radiotherapy, reflecting the complex impact. This underscores the importance of patient-tailored NCAs 3
months postradiotherapy to guide optimal rehabilitation strategies.

brain metastases | neurocognitive functioning | radiotherapy

Brain metastases (BMs) represent a rapidly growing popula-
tion currently encompassing 10-30% of the adult cancer pop-
ulation."? This number is expected to increase due to earlier
detection through enhanced imaging techniques and ad-
vancements in medical treatment improving survival rates.
Overall survival rates currently range from months to several
years.?® Treatment consists of different options, including ra-
diotherapy, surgery, chemotherapy, immunotherapy, or a
combination.’ However, with prolonged survival comes the
increased likelihood of experiencing cognitive side-effects

from these treatments, underscoring the urgency of research
into the impact of treatment on patients’ cognitive function.
The ultimate goal of research is to enhance patient-centered
care by providing well-informed psycho-education.

Prior to the start of treatment for BMs, a significant pro-
portion of patients already experience cognitive difficulties;
at least one out of every 2 patients demonstrates cognitive
impairment on minimally one cognitive domain."-' Cancer
treatment can lead to further deterioration of neurocognitive
functioning with declines observed both after systemic
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therapy (ie, chemo- and immunotherapy)'®'® and local
therapies (ie, brain radiotherapy). Multiple cognitive do-
mains can be affected after brain radiotherapy with im-
pairments reported in memory, executive function, and
processing speed.” On a group level, most patients exhibit
a decline in neurocognitive performance during 8 months
after whole-brain radiotherapy (WBRT), whereas, after ster-
eotactic radiosurgery (SRS), the majority of patients main-
tain a stable cognitive performance.” However, substantial
variety exists both within and between subjects in terms of
which cognitive domains are affected and to what extent.
Previous research indicated stable cognitive performance
up to 9 months after SRS at group-level, while almost 40%
showed declined performance on the individual level.’920
Despite significant progress, many studies had limited
follow-up durations and small sample sizes. Hence, it is
crucial to confirm and continue to build upon previous
findings. Therefore, the current study evaluated the indi-
vidual trajectories of both subjective and objective cogni-
tive performance in patients with BMs in the short-term (ie,
3 months) and in the long-term (ie, >11 months) after ra-
diotherapy. By using a reliable change index (RCI)2"%2 we
consider the test-retest reliability of neurocognitive tasks,
enabling us to identify individual, clinically meaningful
changes in cognitive functioning. This study aims to gain
insights into the impact of treatment for BMs on patients’
lives by investigating individual cognitive functioning
within this heterogeneous group, considering subjective
experiences, and focusing on long-term effects.

]
Methods

Study Set-Up and Population

Study procedures have been described previously.?
Data was prospectively collected from the Cohort for
patient-reported outcomes, imaging, and trial inclusion
in Metastatic BRAin disease (COIMBRA, NCT05267158)
and the Assessing and Predicting Radiation Influence on
Cognitive Outcome using the cerebrovascular stress Test
(APRICOT) study. The study population consisted of adult
patients (>18 years) with either radiographic and/or his-
tologic proof of metastatic brain disease referred to the
University Medical Center Utrecht (UMCU) for brain radi-
otherapy. For both studies, neurocognitive assessments
(NCAs), including semi-structured interviews, were per-
formed before, 3 months and > 11 months after radio-
therapy. The studies were performed in accordance with
the Declaration of Helsinki?* and the UMCU institutional
ethical review approved both the COIMBRA and APRICOT
study (#18-642 and #18-747, respectively). Written in-
formed consent was obtained from all participants prior to
participation.

Data Collection

Semi-structured interview. —Prior to each neurocognitive
assessment (NCA), subjective cognitive experience was
assessed using a semi-structured interview. For the current
analyses, the subjective cognitive ratings using the visual

analog scales (VAS) were used. In brief, patients were
asked to assess their performance regarding thinking,
memory, attention, perception, language, and processing
speed using VAS, similar to Schoo et al.?® The VAS con-
sisted of a 100 mm vertical line on A3-sized paper, where
the top (+) represents perfect performance and the bottom
(-) represents worst performance. Patients marked the line
at their experienced premorbid performance level (ie, prior
to the primary cancer diagnosis and antitumor treatment)
as well as their current experience.This resulted in an intra-
individual estimation ranging from 0 (=) to 100 (+). A dif-
ference score was calculated for each cognitive concept to
assess change in performance. This was categorized into
stable performance (£5), subtle improvement or decline
(6 to 25), substantial improvement or decline (+26 to 50),
and extreme improvement or decline (+>50).

Neurocognitive assessment.—A comprehensive NCA was
used to assess objective cognitive performance. All tests
are internationally widely used standardized psychometric
instruments designed to assess neurocognitive deficits in
the major neurocognitive domains. This battery encom-
passes all tests advised by the International Cancer and
Cognition Task Force (ICCTF)%¢ and supplemented with ad-
ditional neuropsychological tests (Supplementary Table 1).
At repeated testing, alternate forms were used to minimize
practice effects. While neuropsychological tests often eval-
uate more than one neurocognitive domain, tests were
classified into different neurocognitive domains based on
available literature and clinical experience. All NCAs were
performed in-person by trained psychologists and were
planned to be completed within approximately 90 min.

To assess neurocognitive impairment, each neuropsy-
chological test was scored according to standardized
scoring criteria. The uncorrected scores were transformed
into z-scores based on the mean and SD of control popula-
tions derived from published norm data and corrected for
age and education where appropriate. Neurocognitive im-
pairment in each domain was defined as a Z-score <-1.5
on any of the administered tests within the domain.

Individual change in neurocognitive performance was
assessed using the RCl as formulated by Jacobson and
Truax.?'2?2 Using the uncorrected score, this RCl accounts
for the test-retest reliability of the task based on published
normative data (Supplementary Table 2). RCI values of
>1.645 indicate improvement, <-1.645 decline, and values
within +1.645 indicate stable cognitive performance.?’
Change in neurocognitive performance per domain was
defined as improved or declined if at least one task within
that domain showed improvement or decline, respectively,
as mixed if at least one task indicated improvement and
one task indicated decline, and as stable when all tasks
within that domain demonstrated stable performance.

Patient characteristics. —Patient characteristics were
obtained from the semi-structured interview and from
the hospital’s electronic healthrecord (HiX, Chipsoft, The
Netherlands). This data included sex, age at inclusion, level
of education according to the Verhage criteria,?® handed-
ness, Karnofsky Performance Status (KPS),® primary tumor
origins, presence of extracranial metastases, time since
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BMs diagnosis, previous anti-tumor therapy, dexameth-
asone dose 1-5 days prior to radiotherapy, and symptoms
at BMs diagnosis. As part of standard medical care, the
preradiotherapy MRI scans of each patient were evaluated
to determine the number of BMs, hemisphere, and lobe in-
volvement. Additionally, for those patients who completed
follow-up NCAs, the clinical MRI follow-up scans were evalu-
ated to determine intracranial progression during follow-up,
and new radiotherapy treatments were registered.

Statistical Analyses

For this study, the subjective and objective cognitive
data acquired from October 2020 to May 2023 was used.
Analyses were performed using SPSS (IBM SPSS Statistics,
25.0.0). Statistical significance was set at P< .05, adjusted
for multiple comparisons when necessary. We anticipated
that the assumption of normally distributed data would be
violated due to the sample size and selected nonparametric
alternatives for all statistical tests. Differences between the
patient completing and not completing the follow-up NCAs
were assessed using chi-square test for categorical data
and Mann-Whitney U-tests for continuous data.

At each time point, the percentage of patients with a
cognitive performance below the impairment threshold
(Z < -1.5) was calculated for each task as well as for each
domain. Additionally, individual changes in both subjec-
tive and objective cognitive performance were calculated
for (1) each domain (“domain-level”) and (2) across all
domains (“overall-level”). Above-described cut-off scores
were used to determine an improvement, deterioration,
mixed, or stable score. Changes in scores were calculated
for baseline versus 3 months, and 3 versus > 11 months.

For the overall-level, patients were categorized into 4
categories for subjective and objective cognitive perfor-
mance separately: (1) decline, (2) improvement, (3) mixed,
and (4) stable performance. Decline and improvement
were defined as either a decrease or increase in at least one
cognitive domain, respectively. The category “mixed” in-
cluded patients who showed both declined and improved
performance across the domain and/or, for objective cog-
nitive performance only, within one domain. Patients were
categorized into “stable” if performance across all do-
mains remained unchanged. Subsequently, age, baseline
KPS, primary tumor, presence of extracranial metastases,
number of BMs, symptomatic BMs, synchronous diagnosis
of BMs, intracranial progression at 3 months as deter-
mined by clinical follow-up scans, and baseline cognitive
impairment were assessed for the 4 categories, separately
for the 2 time periods and for subjective and objective cog-
nitive performance. As this analysis aimed to explore pos-
sible risk factors for cognitive decline, no corrections for
multiple comparisons were performed.

]
Results

Compliance

Thirty-six out of the original 60 (60%) patients were eligible
for analysis, having completed the 3-months follow-up

Pre-RT NCA
n=60

Lost in follow-up n =24

* Medical condition n= 14
* Deathn=4

* Patient logistics n =1

e Patient refusal n=5

Y

A4

3 months post-RT NCA
n=236

——————— -)l To be scheduled n=12

Lost in follow-up n= 10

¢ Medical condition n=3
e Deathn=6

e Patient refusal n=1

Y

A4

>11 months post-RT NCA
n=14

Figure 1. Flow-chart of the patients completing the pre-
radiotherapy, 3-months and >11-months NCA including reasons for
patients lost in follow-up.

NCA (Figure 1). Of the 24 patients eligible for >11-months
follow-up, 14 (58%) patients completed this assessment.
Reasons for noncompliance were poor medical condition,
death, refusal because testing was considered too burden-
some, and time constraints of the patient.

Patients who did not complete the 3-months follow-up
had a lower KPS than patients who did complete the 3
months follow-up (P=.001). More patients who completed
the >11-months follow-up had BMs as their first symptom of
cancer (ie, synchronous diagnosis, 57%) than patients who
did not complete the >11-months follow-up (10%; P=.019).
None of the other characteristics as shown in Table 1 sig-
nificantly differed between patient groups. Moreover, there
were no differences regarding preradiotherapy cognitive
performance (domain-level) or number of patients with a
cognitive impairment between patients who completed or
not-completed the 3-months NCA nor between patients
who completed or not-completed the >11-months NCA.

Clinical Characteristics

Baseline sociodemographic and clinical characteristics are
shown inTable 1. In total 36 patients (19 male) finished the
3-months follow-up NCA at a median of 16 weeks from
baseline (IQR 14-17). Median long-term follow-up time was
61 weeks from baseline (IQR 52-76). The median age was
63 years, and the primary tumor was most frequently lung
cancer (47%). Most patients received SRS (94%) for 2-4
BMs (39%).
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Table 1. Preradiotherapy Sociodemographic and Clinical Characteristics of the Patient Population

Patients without follow-up Patients with 3 months follow-up Patients with >11 months follow-up

N 24 36 14
Age, years, median (IQR) 68 (63-73) 63 (56-71) 67 (56-73)
Sex (male), n (%) 13 (54) 19 (53) 8(57)
Educational level?, n (%)

3 0 (0) 3(8) 2 (14)

4 4(17) 7 (19) 3(21)

5 12 (50) 10 (28) 5 (36)

6 5(21) 10 (28) 3(21)

7 3(13) 6(17) 1(7)
Ravens matrices,?® median 62.5 (28-75) 69 (38-90) 69 (47-84)

percentile (IQR)

Handedness®, n (%)

Left 5(21) 3(8) 2(14)
Right 18 (75) 32 (89) 11 (79)
Ambidextrous 1(4) 1(3) 1(7)
KPS, median (IQR) 75 (63-80) 80 (80-90) 80 (78-90)
KPS > 90, n (%) 2(8) 14 (39) 6 (43)
Missing 5(21) 0(0) 0(0)
No. of BMs, n (%)
1 7 (33) 11 (31) 5 (36)
2-4 12 (50) 14 (39) 5 (36)
5-10 2(8) 7 (19) 3(21)
>10 3(13) 4(11) 1(7)

Hemisphere involvement
BMs, n (%)

Left 7 (29) 9 (25) 2(14)
Right 5(21) 7 (19) 4 (29)
Bilateral 12 (50) 20 (56) 8(57)
Lobe involvement, n (%)
Frontal 11 (46) 23 (64) 9 (64)
Temporal 5(21) 8(22) 4(29)
Occipital 8(33) 13 (36) 4(29)
Parietal 8(33) 17 (47) 7 (50)
Cerebellum 12 (50) 15 (42) 7 (50)
Brainstem 1(4) 2 (6) 0(0)
Primary tumor origin, n (%)
Lung cancer 13 (54) 17 (47) 9 (64)
Melanoma 4(17) 9(25) 3(21)
Breast Cancer 1(4) 2 (5) 0(0)
Renal cell carcinoma 1(4) 3(8) 2(14)
Other 5(21) 5(14) 0(0)
Extracranial metastases, n (%) 15 (63) 21 (58) 9 (64)
BMs as first symptom of 7 (29) 12 (33) 8 (57)
cancer diagnosis, n (%)
Previous brain RT, n (%) 2(8) 7 (19) 2(14)
Previous BMs resection, n (%) 7 (29) 10 (28) 4(29)
Previous immuno-/chemo- 18 (75) 10 (28) 9 (64)

therapy, n (%)
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vz
Table 1. Continued 2 ﬁ
Patients without follow-up Patients with 3 months follow-up Patients with >11 months follow-up é ?O
Type of RT =1
SRS 19 (79) 34 (94) 14 (100) na
WBRT 4(17) 2(6) 0(0) e
WEBRT + SRS 1(4) 0(0) 0(0) <
Dexamethasone use prior to 4 (0-4) 0 (0-4) 1(0-4)
RT, mg/day, median (IQR)
Symptomatic BMs at diag- 16 (67) 21 (58) 8(57)
nosis, n (%)
Epilepsy © 3(19) 8(38) 4 (50)
Motor © 5(31) 7 (33) 3(38)
Sensory © 0(0) 3(14) 1(13)
Balance ° 5(31) 4(19) 2(25)
Language ° 0(0) 2(10) 1(13)
Visual © 4 (25) 4(19) 2 (25)
Cognitive © 6(38) 3(14) 1(13)
Headache ° 5(31) 7 (33) 2 (25)
Other © 5(31) 4(19) 1(13)

aAccording to Verhage classification®, "self-reported, °Percentage of patients with symptomatic BMS at diagnosis.

Due to rounding, not all percentages add up to 100%.

Abbreviations: BMs, brain metastases; |QR, interquartile range; RT, radiotherapy; SRS, stereotactic radiosurgery; WBRT, whole-brain

radiotherapy.

During the 3-months follow-up, intracranial progres-
sion was observed in 13/36 patients (36%) of which 3 pa-
tients had received additional radiotherapy for these new
BMs before the follow-up NCA. From the 3-months to the
>11-months follow-up NCA, intracranial progression was
observed in 6/14 patients of which 5 patients had received
additional radiotherapy for these new BMs before the
>11-months follow-up NCA.

Subjective Cognitive Functioning

Preradiotherapy.—Preradiotherapy  subjective  perfor-
mance of a larger sample has been reported previ-
ously.?® Of the currently included sample, 11/36 (31%)
reported stable subjective cognitive performance across
all domains, while the majority of patients (24/36, 67%),
report lower subjective cognitive performance than
their premorbid levels on at least one cognitive domain
(Supplementary Figure 1). Declines were reported across
all domains, but most common for attention, thinking,
memory, and language (all 4 domains: 14/36, 39%).

Postradiotherapy changes.—On the domain-level, sub-
jective declines in cognitive performance were reported
across all domains 3 months postradiotherapy (Figure 2a).
Declines were most frequently reported for attention (22%)
and thinking (19%). For most domains, the percentage of
patients that reported a decline was balanced out by the
percentage of patients that reported an improvement (11—
22%). Improvements were most often reported for atten-
tion (22%) and memory (22%). A stable score was reported

across domains by 56-78% of patients. Stable scores were
most often reported for processing speed (78%), language
(72%), and thinking (69%).

From 3 to >11 months after radiotherapy, (further) sub-
jective declines in cognitive performance were reported
for memory (29%), perception (21%), attention (14%), and
thinking (7%; Figure 2b). No declines were reported for proc-
essing speed or language. Improvements were also reported
across all domains, but most frequently for attention (21%)
and perception (21%). Stable scores were again most often
observed for processing speed (93%) and language (86%).

Overall, 3 months postradiotherapy 39% of patients re-
ported a decline, 31% an improvement, 11% mixed perfor-
mance, and 19% stable subjective cognitive performance
(Figure 2c). In the time period from 3 to >11 months after ra-
diotherapy similar results were observed, with decline, im-
provement, and stable performance in 29% of patients and
mixed in 14%. More patients with intracranial progression
showed a decline across all cognitive domains 3 months
postradiotherapy compared to patients without intracra-
nial progression (X?(3) = 8.896, P=0.031). Age, KPS at base-
line, number of BMs, synchronous BMs diagnosis, primary
tumor, extracranial metastases, symptomatic BMs, and
number of cognitive domain impairments at baseline did
not significantly differ between the 4 categories from base-
line to 3 months after radiotherapy (Supplementary Table 3).

Objective Neurocognitive Functioning

Preradiotherapy.—An elaborate evaluation of
preradiotherapy cognitive performance in a larger sample
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of this subset has been reported previously.® For the cur-
rently included sample, 29/36 (81%) showed impairments
(Z<-1.5) in at least one cognitive domain, and 18/36 (50%)
with impairments in at least 2 domains. Memory was
most frequently affected (47%), followed by psychomotor
speed (36%), and processing speed (31%; Supplementary
Results).

Short-term postradiotherapy. —Three months after radi-
otherapy, a cognitive impairment (Z<-1.5) in >1 domain
was observed for nearly all patients 35/36 (97%), whereby
more than half of all patients (68%) showed impaired per-
formance in at least 2 domains. Memory was most often
impaired (78%), followed by psychomotor speed (39%),
and attention (31%; Supplementary Results).

Using the RCI, a decline in cognitive performance was
observed across all domains, but most frequently for
memory (47%) and processing speed (35%; Figure 3a).
Improvements were most often observed for executive
function and visuospatial functioning (both 31%) and proc-
essing and psychomotor speed (both 28%). Mixed cogni-
tive changes across the tests within a cognitive domain
were seen for all domains, except visuospatial functioning
and social cognition. Memory showed the highest fre-
quency of mixed responses (28%). Stable cognitive perfor-
mance was most often observed for social cognition (82%)
and for visuospatial functioning (61%).

Overall, none of the patients showed stable performance
across all domains, with most 29/36 (81%) showing both
improvement and decline in different cognitive domains
(Figure 3c). Solely declined performance was observed
in 6/36 (17%). Age, KPS at baseline, number of BMs, syn-
chronous BMs diagnosis, primary tumor, extracranial
metastases, symptomatic BMs, intracranial progression,
and number of cognitive domain impairments at baseline
did not differ between the 4 categories from baseline to 3
months after radiotherapy (SupplementaryTable 5).

Long-term postradiotherapy.—At least 11 months after
radiotherapy, a cognitive impairment (Z< -1.5) in at least
1 domain was found for 11/14 (79%) of patients, whereby
more than half of the patients (71%) showed impaired
performance in >2 domains. Memory was most often im-
paired (71%), followed by social cognition (43%), and psy-
chomotor speed (39%; Supplementary Results).

The RCI indicated a decline in cognitive performance
across all domains except social cognition (Figure 3b).
Declines were most frequently observed for processing
speed (54%) and psychomotor speed (39%). Improvements
were most often observed regarding memory (57%) and
executive function (36%). Mixed responses across the tests
within a cognitive domain were seen for all domains, ex-
cept visuospatial functioning and social cognition, and
were most common for memory (29%). Stable cognitive
performance was most often observed for social cognition
(89%) and attention (43%). Overall, none of the patients
showed declined or stable performance across all do-
mains, with most 13/14 (93%) showing mixed performance
(Figure 3c). Solely improved performance was observed in
114 (7%).

]
Discussion

To be able to provide patient-tailored cancer care, including
personalized psycho-education, we first need individual-
ized research to inform on the effects of cancer treatment
on individuals.Therefore, the aim of this study was to eval-
uate the individual trajectories of subjective and objective
cognitive performance after radiotherapy in patients with
BMs both in the short-term (ie, 3 months) and in the long-
term (ie, 211 months) to provide insight into the cognitive
impact of treatment. Our findings demonstrate that on a
group-level, the incidence of patients displaying cogni-
tive decline is counterbalanced by those demonstrating
improvements within the same cognitive domain. The in-
dividualized results reveal a nuanced picture, where the
majority of patients who exhibit improvements in one do-
main also experience a decline in another. Thus, impact of
radiotherapy on cognitive performance is complex and
multidimensional.

The cognitive impact of radiotherapy was also sub-
jectively reported by the majority of patients. Using VAS,
patients were able to provide a differentiated profile of
subjective cognitive decline over time. Three months
postradiotherapy, half of the patients experienced a de-
cline in subjective cognitive performance, most frequently
involving attention and thinking. In the long term, memory
complaints were more prominent. Considering that in-
tracranial progression emerged as a risk factor for self-
reported cognitive decline 3 months postradiotherapy,
these cognitive complaints may primarily reflect new or
aggravated symptoms resulting from the presence of new
BMs. Based on previous research, it was anticipated that
the specific cognitive domains would not fully align with
those observed in the objective cognitive assessment.!
However, there was a consistency between the number of
patients reporting subjective cognitive decline and those
demonstrating objective cognitive decline. To illustrate,
patients may have reported complaints in attention, while
these were objectively reflected by worse memory perfor-
mance. This underlines that while patients may label cog-
nitive complaints differently, it is essential to incorporate
subjective assessments to also capture patients’ experi-
ences of cognitive difficulties.

Regarding objective cognitive performance, multiple
cognitive domains were affected postradiotherapy, rather
than a single domain universally affected in all patients.
Nevertheless, memory appeared particularly suscep-
tible to the negative effects of treatment, reflected by the
80% of patients with a memory impairment 3 months
postradiotherapy and 75% of patients exhibiting declined
memory performance compared to preradiotherapy. After
excluding the 2 patients who received WBRT, these per-
centages remained unchanged, highlighting the notable
prevalence of memory decline within our SRS patient
sample. The negative impact of radiotherapy on learning
and memory performance has received widespread rec-
ognition. As the hippocampus is the primary brain region
responsible for learning and memory, a great deal of in-
terest has now been put into hippocampal avoidance
WBRT (HA-WBRT)303233 and now even HA-SRS? for the
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possible preservation of neurocognition. While damage to
the hippocampus has indeed been implicated in cognitive
decline following brain radiotherapy, recent findings un-
derscore concomitant shrinkage in other subcortical brain
structures, as well as damage to both white matter and
other cortical territories.?*4° Moreover, contemporary per-
spectives on cognitive functioning emphasize its network-
based nature, moving beyond mere localization.*'4? This
recognition complicates the straightforward attribution of
cognitive side-effects exclusively to specific radiotherapy-
vulnerable brain regions. Further research is needed to
better understand the complex interplay between radi-
otherapy, brain structures, and cognitive functioning in
order to optimize treatment outcomes in clinical settings.

In the long-term, slowing of both processing and psy-
chomotor speed was most prominent, while this was not
reflected accordingly in self-reported cognitive changes.
Multiple factors could have contributed to the observed
slowing as processing and psychomotor speed both rely
on a widespread neural network.*344 As most patients with
BMs receive systemic treatment after brain radiotherapy,
the long-term psychomotor slowing could also be a conse-
quence of chemotherapy-induced neuropathy rather than
long-term radiotherapy effects.*546

In our sample, a decline in objective cognitive perfor-
mance was observed in nearly all patients. Interestingly,
for the majority, this decline was accompanied by improve-
ment in another cognitive domain. This pattern of mixed
responses persisted in the long term and was irrespec-
tive of patients’ preradiotherapy cognitive impairment.
While not statistically significant, a higher number of BMs
and metasynchronous BMs diagnoses appeared more
common among patients with cognitive decline 3 months
postradiotherapy, suggesting potential areas for future
investigation. As mixed responses were predominant,
no other clear risk factors for postradiotherapy cognitive
changes were found. It is important to acknowledge that
cognitive improvement does not necessarily indicate the
absence of cognitive impairment, as demonstrated by the
small percentage of patients without any cognitive impair-
ment at both follow-up times (3-21%). Nonetheless, the RCI
enabled us to identify meaningful changes, indicating that
both the observed positive and negative changes are likely
to have a significant impact on the daily lives of these pa-
tients. The heterogeneity in cognitive outcomes can likely
be attributed to a range of factors, including the extent and
location of metastases, individual variabilities in treatment
response, and preexisting cognitive or neural vulnerabil-
ities. Future studies incorporating these different variables
in large cohorts could advance our understanding of the
complex interplay between treatment-related factors and
patient-specific factors in shaping cognitive outcomes
after radiotherapy.The current findings provide a snapshot
of the currently available evidence on cognitive trajectories
of individual patients with BMs after receiving radio-
therapy.Yet future research still faces numerous challenges
and opportunities. For example, while the clinical observa-
tion of the unfragmented Hooper Visual Organization test
indicated no severe naming difficulties in our sample, the
absence of normative data hinders evaluating the relative
impact of radiotherapy on language function compared
to other cognitive domains. Future studies should include

formal language assessments to fill this gap. Moreover, it
is challenging to discern the effects of radiotherapy from
those of other treatments and disease progression, as ad-
juvant systemic treatments during the study period may
have contributed to declines in cognitive performance.
Due to the inevitable deterioration in the medical condition
of this population, results are mainly representative of the
group of patients fit enough 3 months postradiotherapy.
Nevertheless, both compliance rates and available pa-
tients for follow-up, especially in the long-term, were
comparable to or higher than previous studies.'3:1420:47-49
Most importantly, these results can be used to design fu-
ture studies to best capture the complexity of individual
cognitive changes in patients with BMs. For example, as
memory seems particularly vulnerable, multiple tests each
capturing different aspects of this multifaceted cognitive
function should be incorporated.

]
Conclusions

The increasing incidence of BMs and improved survival
rates underscore the urgent need to investigate the effects
of treatments on individuals because group-level informa-
tion alone is insufficient when conveying the potential
treatment effects to patients and caregivers. Our study re-
vealed a complex impact of radiotherapy on subjective and
objective cognitive performance, involving both positive
and negative changes across various cognitive domains.
Particularly, memory showed vulnerability in the early
postradiotherapy period. The observed within-individual
variation emphasizes the involvement of intricate under-
lying mechanisms, highlighting the need for further in-
vestigation. Despite current advancements in treatment
patients remain at risk for intracranial progression, which
was a clear risk factor for subjective cognitive decline in
this study. These findings are specific to patients with BMs
who have undergone radiotherapy and should be con-
sidered in light of the potential trade-off between cognitive
difficulties and survival benefits. Our results show the het-
erogeneity of cognitive profiles postradiotherapy, thereby
underscoring the importance of patient-tailored NCAs
three months postradiotherapy to guide optimal rehabili-
tation strategies.
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