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Abstract

Background: Endocrine treatment for breast cancer may adversely affect cognition.
Given the widespread use of cyclin-dependent kinase 4/6 inhibitors (CDK4/6i),
assessing the cognitive effects of this combination is important.

Methods: In the SONIA trial, patients with hormone receptor-positive, HER2-
negative (HRTHER2™) advanced breast cancer (ABC) starting first-line treatment
with an aromatase inhibitor were randomized to treatment with (arm A) or without
(arm B) CDK4/6i. Cognitive function was assessed at baseline and after 9 months
with the online Amsterdam Cognition Scan. Standardized z scores at baseline and
regression-based change scores at 9 months were computed on the basis of
matched cancer-free controls. Rates of clinically meaningful decline were compared
with estimated false-positive rates of observing decline by chance.

Results: Altogether, 260 patients (arm A, N = 130; arm B, N = 130) and 130
matched controls participated at baseline; 199 patients (arm A, N = 108; arm B, N =
91) and 120 matched controls completed the follow-up. At baseline, patients per-
formed significantly worse than controls across all cognitive domains. Over the
course of 9 months, no group-level decline in cognitive function occurred in either
treatment arm, with minimal differences between treatment arms. At the individual
level, however, the rate of clinically meaningful decline in patients (arm A, 15.7%;
arm B, 14.3%) but not in controls (6.7%) was significantly higher than the false-
positive rate (7.5%), which indicates decline in a small subset of patients.
Conclusions: Patients with HR"HER2~ ABC showed impaired cognitive function at
initial diagnosis compared to cancer-free controls. During first-line endocrine
treatment with aromatase inhibitors, cognitive function declined in a small group of
patients, regardless of the addition of CDK4/6i.
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COGNITIVE FUNCTION IN ADVANCED BREAST CANCER

INTRODUCTION

In hormone receptor-positive, HER2-negative (HR"HER2") advan-
ced breast cancer (ABC), aromatase inhibitors (Als) are recom-
mended as first-line endocrine therapy to slow disease progression.*
Combining endocrine treatment with targeted therapies such as
cyclin-dependent kinase 4/6 inhibitors (CDK4/6i) has shown to
further improve outcomes.? Endocrine treatments are often
continued for multiple years, which underlines the need for research
into possible side effects.

Cognitive decline is common among patients diagnosed with
cancer, including cancer without central nervous system involve-
ment.® Cognitive decline has been associated mainly with cancer
treatment but can also emerge in the absence thereof, which hints at
a potential role of cancer itself.* Most research has concentrated on
the cognitive effects of chemotherapy in patients with breast can-
cer,” whereas research investigating endocrine and targeted thera-
pies is limited. Although cognitive decline is a biologically plausible
side effect of these treatments,® there is a paucity of knowledge
regarding cognitive impairment in ABC.

HR™ breast cancer cells depend on estrogen binding to estrogen
receptors (ERs) for their growth. Endocrine therapy interferes with
the action of estrogen. Als exert their effect by inactivating aroma-
tase, the enzyme responsible for the postmenopausal production of
estrogen, which results in hypoestrogenism.” ERs are widely
distributed throughout the body, including the brain, where estrogen
plays an important role in maintaining neuronal functioning.®? The
reduction in estrogen levels resulting from the use of Als, known to

1011 may therefore potentially affect

cross the blood-brain barrier,
neuronal functioning. Previous studies investigating the effects of
endocrine therapy on cognitive function have yielded conflicting

612 phossibly due to insufficient statistical power and subop-

findings,
timal designs.

CDK4/6i interfere with the cell cycle by blocking cell division and
thereby preventing tumor growth.’® These agents also affect healthy
cells, including neuronal cells. Fatigue, a common side effect of
CDK4/6i, may also indirectly affect cognitive function. Conversely,
preclinical studies in other diseases have found beneficial effects of
CDK4/6i on cognition after reduced inflammation,** which suggests
that CDK4/6i might also exert effects in the opposite direction.
Although CDK4/6i are increasingly being used in combination with
endocrine treatment in both metastatic and adjuvant settings, po-
tential effects of this combination on cognitive function remain yet to
be investigated.

The SONIA trial investigated the optimal strategy for using
CDK4/6i in clinical practice by directly comparing the addition of
CDK4/6i to first-line endocrine therapy with Als versus second-line
treatment with fulvestrant for HR* ABC.' In this side study, the
SONIA-EfFECT study, we investigated cognitive function in these
patients. Our aims were to (1) evaluate the prevalence of cognitive
impairment after diagnosis of metastatic disease before initiation of
first-line treatment, (2) examine whether these effects are associated

with (neo)adjuvant systemic treatment received before diagnosis,

and (3) investigate the effect of first-line endocrine therapy with or
without CDK4/6i on cognitive function.

MATERIALS AND METHODS
Study design

SONIA (ClinicalTrials.gov identifier NCT03425838; Dutch Breast
Cancer Research Group [BOOG] 2017-03) is an investigator-initiated
phase 3 randomized trial investigating the sequence of endocrine
therapy and CDK4/6i for ABC.'® The current side study, SONIA-
EfFECT, investigates cognitive function, and was approved by the
Medical Ethics Committee of the Netherlands Cancer Institute in
2019.

SONIA’s methodology, including eligibility criteria, has been
previously reported.*® Briefly, 1050 women with HR"HER2~ ABC
were enrolled from 74 hospitals in The Netherlands between 2017
and 2021. Previous (neo)adjuvant therapy was allowed but patients
who previously received systemic treatment for ABC were excluded.
(Neo)adjuvant treatment with Als was allowed if the disease-free
interval was >12 months but CDK4/6i were not allowed. Patients
were randomized to receive either strategy A (first-line treatment
with a nonsteroidal Al combined with CDK4/6i, followed on pro-
gression by fulvestrant) or strategy B (first-line treatment with a
nonsteroidal Al, followed on progression by fulvestrant combined
with CDK4/6i). The type of Al (letrozole or anastrozole) and CDK4/6i
(palbociclib, ribociclib, or abemaciclib) was based on physician’s
choice.

SONIA patients who provided written informed consent to
participate in SONIA-EfFECT (Figure 1) underwent online neuro-
psychological assessment twice: at study entry before or within 14
days after treatment initiation, and 9 months later. Patients who
progressed and switched to second-line treatment before the 9-
month follow-up were not retested. All SONIA-EfFECT partici-
pants were asked to identify one or more female relatives or friends
to serve as a cancer-free control, preferably of similar age, but
variation was allowed if not available in order to maximize the
control group sample size for matching. Eligibility criteria included
no (history of) cancer diagnosis, no neurological or psychiatric
condition that could interfere with cognitive function, age of >18
years, thorough understanding of the Dutch language, and access to
a computer or laptop with internet connection and sound. The
control group also completed two neuropsychological assessments

at similar intervals.

Neuropsychological assessment

Cognitive function was assessed with the Amsterdam Cognition Scan

(ACS; www.cognitionscan.org),¢1”

a validated, online neuropsycho-
logical test battery that can be completed unsupervised from home

on a computer or laptop in approximately 1 h. The ACS consists of
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FIGURE 1 Study design of the SONIA-EfFECT cognitive function side study. Women with HR*HER2~ ABC randomized to receive first-

line endocrine therapy with or without CDK4/6 inhibition underwent

neuropsychological assessment twice, at study entry and after 9 months

of first-line treatment. Patients provided a cancer-free control, matched in age, educational level, and computer use, who underwent
assessment at a similar interval. ABC indicates advanced breast cancer; Al, aromatase inhibitor; CDK4/6i, cyclin-dependent kinase 4/6

inhibitors; HR, hormone receptor.

seven cognitive tests covering the domains learning and memory
(Wordlist learning and recall), attention and working memory (Box
tapping and Digit sequences | and Il), processing speed (Reaction
speed and Connect the dots I), executive functioning (Connect the
dots Il and Place the beads), and motor functioning (Fill the grid)
(Table S1); two self-report questionnaires on anxiety and depression

(Hospital Anxiety and Depression Scale [HADS])'® and fatigue
(Multidimensional Fatigue Inventory 20 [MFI-20])%; and a question

about the number of hours spent per week on computer use.

Statistical analysis

By using nearest neighbor propensity score matching (1:1 without
replacement), we selected an equally sized group of no-cancer con-
trol women. The variables age, education, and computer use were
used for matching. The two patient arms were assumed to be
balanced, given the randomization. Matching was performed twice,
with either arm A or arm B as reference. Balance was assessed via
absolute standardized mean differences (Cohen d). The matching
effort that yielded the best match (i.e., the least remaining imbalance
between the matched controls and either patient arm in matching
variables, in order of priority: age, education, and computer use) was
selected as primary. This sample of matched controls was used
throughout all further analyses. As a principled sensitivity analysis,
matching results were compared with more restrictive methods,

namely optimal and caliper-bounded matching.

Quality checks were performed on raw test scores as previously
described”:?° (with the age groups <60 and >60 years), and outliers
and invalid responses were excluded from further analysis. At study
entry, raw test scores were converted to standardized z scores
(mean, 0; SD, 1)! on the basis of the matched no-cancer control
group, adjusted for age, education, and computer use in case of
remaining imbalances after matching. For robustness, findings were
compared with covariate-adjusted analysis with the full unmatched
controls sample. At the group level, independent t-tests were used
for pairwise comparisons to assess differences in average perfor-
mance between patient arms and matched controls. To account for
multiple comparison, Bonferroni-Holm correction was applied
(Ntests = 10). At the individual level, the prevalence of cognitive
impairment was determined via the International Cognition and
Cancer Task Force criterion (>1 test scores at/below —2 SD and/or
>2 test scores at/below ~1.5 SD from the normative mean).??> To
determine whether the observed prevalences exceeded the likeli-
hood of finding abnormal test scores by chance given the number of
tests administered,?® prevalences were compared with false-positive
rates via binomial tests. False-positive rates were estimated via
simulation of multivariate normal data under the null hypothesis of
no impairment while accounting for sample size and between-test
correlations.?* The association between cognitive performance at
study entry and previous (neo)adjuvant systemic treatment (chemo-
therapy and/or endocrine therapy) was evaluated via univariate
regression analyses, given the exploratory purpose of these analyses

and high overlap in the treatments received.
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COGNITIVE FUNCTION IN ADVANCED BREAST CANCER

To assess cognitive change over time, standardized regression-
based (ZSRB) change scores?> were calculated on the basis of per-
formance in the matched no-cancer control group. This state-of-the-
art method takes into account practice effects and other random
fluctuations due to repeated assessment to evaluate meaningful
change. At the group level, independent t-tests were used for pair-
wise comparisons to assess differences in average cognitive change
between patient arms and matched controls. To account for multiple
comparison, Bonferroni-Holm correction was applied (Niests = 10).
For descriptive purposes, exploratory subgroup analysis was per-
formed according to menopausal status and type of Al and CDK4/6i.
At the individual level, the prevalence of meaningful decline?® (a
decline of ZSRB = 1.654 on >2 tests) was determined. To determine
whether decline rates exceeded the likelihood of observing decline
by chance given the number of tests administered, prevalences were
compared with the false-positive rate for meaningful decline, esti-
mated via bootstrapping, via binomial tests.

Self-reported anxiety, depression, and fatigue at study entry and

9-month follow-up were compared between patients and matched

Patients in SONIA trial 1050

Not approached 456
Approached, did notconsent 209
Consented, but notincluded

>14 days sincestart treatment 39

No computer (experience) 22
Too burdensome/lack of time 8
Unable to contact 9
Other 5
Included in SONIA-EfFECT 302
Not completed in time (<14days) 9
No computer (experience) 1
Too burdensome 14
Excluded because of missing data 4
Other 4

ACS completed at study entry 260
130 Arm A/130 Arm B

Arm A B
Progression <9 months 19 31
Withdrew from participation 1 4
Not completed 2 4

ACS completed at 9 months

108 Arm A/91 Arm B 199

—> Proposed cancer-free controls 304

controls via mixed analyses of variance. Their association with
cognitive outcomes was evaluated via correlational analysis. p values
were considered significant at a = 0.01 in the correlational analysis
and a = 0.05 in all other analyses. Analyses were performed in
RStudio.

RESULTS
Inclusion and participant characteristics

The inclusion flowchart of SONIA-EfFECT is shown in Figure 2.
Because the SONIA trial was already ongoing when the SONIA-
EfFECT side study was initiated, 603 (58%) of the 1050 patients
could be approached; 394 (65%) of the 603 patients consented, of
whom 302 (50%) were eligible to participate. In total, 260 (86%) of
the 302 eligible patients (arm A, N = 130; arm B, N = 130) completed
the assessment at study entry. Patients proposed 304 no-cancer
controls, of whom 215 (71%) consented, and 192 (89% of 215)

Did not consent to participate 28
Unable to contact/no response 54

Ineligible 7
Included in SONIA-EfFECT 215

Withdrew from participation 5

Not completed/no response 17

Excluded because of missing data 1

ACS completed at study entry 192

130 after matching
Withdrew from participation 5
Not completed/no response 12
Ineligible 1

ACS completed at 9 months 175

119 after matching

FIGURE 2 Flowchart of inclusion of patients and no-cancer controls in the SONIA-EfFECT side study. Altogether, 603 of 1050 patients
(58%) from the SONIA trial could be approached; 394 of the 603 patients (65%) consented, of whom 302 (50%) were eligible to participate;
260 of the 302 patients (86%) (arm A, N = 130; arm B, N = 130) completed the assessment at study entry. Patients proposed 304 no-cancer
controls: 215 of 304 (71%) consented, and 192 of the 215 (89%) completed the assessment at study entry. Altogether, 199 of 260 patients
(77%) (arm A: 108 of 130; 83%; arm B: 91 of 130; 70%) and 120 of 130 matched controls (92%) (unmatched controls: 175 of 192; 91%)
completed the 9-month follow-up assessment. ACS indicates Amsterdam Cognition Scan.

85U8017 SUOWILLOD 3A1Te8.1D) 3|qeot|dde 8Ly Aq peusenob afe sole YO ‘88N JO S8|NJ 104 Akeidi8UIIUO /8|1 UO (SUORIPUOD-PLR-SLLLIBYWO™AB | 1M A1 1BU1|UO//SNL) SUORIPUOD pUe SWis | 3y} 89S *[9202/€0/S0] Uo AriqiTauljuo AB|1M esuiolqigsielsBAIuN BAN AQ 2T20L 10U9/Z00T 0T/I0p/L0d A8 1M Aleiq Ul |uo s euInofsde//:sciy woly pepeojumod ‘vz ‘SZ0Z ‘Z¥T0L60T



LUIJENDIJK ET AL

| 5of 12

completed the assessment at study entry. On the basis of self-report
and medical files, 39 patients (15% of 260) completed the assessment
before treatment initiation, whereas 221 patients (85% of 260) had
already started treatment. Of those, 199 (77% of 260) completed the
assessment within 14 days, 19 (7% of 260) within 21 days, and three
(1% of 260) within 28 days, with a median of 6 days after treatment
initiation.

The patient arms were balanced in age, education, and computer
use. Matching with arm B (Al only) as reference yielded the best
match between either arm and the matched controls (i.e., the least
remaining imbalance) (Table S2). Therefore, this sample of 130
matched controls was selected and used throughout all further an-
alyses. More restrictive optimal matching and caliper-bounded
matching selected nearly identical sets of matched controls
(overlap, 99%-100%), which indicated that our matching effort pro-
duced the best possible match. Although matching improved the
balance in age and education (Cohen d = 0.23-0.25, which is
considered small and acceptable), residual imbalance in computer use
remained (Cohen d = 0.28-0.49, which is considered small to mod-
erate), which was therefore additionally adjusted for in subsequent
analyses.

In total, 199 patients (77% of 260) (arm A: N = 108; 83% of 130;
arm B: N = 91; 70% of 130) and 120 (92%) of the 130 matched
controls (unmatched controls: N = 175; 91% of 192) completed the
9-month follow-up assessment. Demographic and clinical character-
istics of patients and controls are reported in Table 1 (Table S3
compares baseline characteristics and outcomes between patients
retested at follow-up and those who dropped out, which indicated no

systematic differences).

Cognitive function at study entry

At study entry, patients performed significantly worse than the
matched controls in all cognitive domains (z scores were adjusted for
computer use [Figure 3]; additional adjustment for age and education
or covariate-adjusted analysis with the full unmatched control sam-
ple yielded comparable findings [Figure S1]). No differences were
observed between patient arms. The prevalence of cognitive
impairment in patients was 46.5% (arm A, 49.2%; arm B, 43.8%),
which was significantly higher than the false-positive rate (20.0%;
95% Cl, 13.9%-27.7%; p < .001). The prevalence in the matched
controls was 27.7%, which was also significantly higher than the
false-positive rate (p = .02). In eight cases, a subtest seemed to have
restarted while being completed, likely due to internet connection
problems. Findings were unchanged when the analysis was repeated
excluding these test scores (data not shown). Repeated analysis
excluding patients who completed the assessment >14 days after
treatment initiation, or excluding all patients who had already started
treatment, also showed unchanged findings (Figure S2).

Univariate linear regressions (Table S4) indicated that prior

(neo)adjuvant systemic treatment was associated with worse

cognitive performance at study entry, in particular with processing
speed (Reaction speed): patients who received (neo)adjuvant sys-
temic treatment performed z = 0.5 (i.e., half an SD) worse than those
who had not received systemic treatment. Further investigation into
different types of (neo)adjuvant treatment showed comparable as-
sociations with chemotherapy, Als, and tamoxifen but was limited by
significant overlap in patients who received multiple types of treat-
ment (80%), while few received a single treatment (6% chemo-
therapy; 10% tamoxifen; 4% Al).

Cognitive change at 9 months

At 9 months, patients in both arms showed no group-level cogni-
tive decline compared to the assessment at treatment initiation
(Figure 4; Figure S3 presents percentages of individual-level
change). Moreover, we observed minimal differences in cognitive
decline between the two treatment arms. Only on one test of
executive functioning (Place the beads) did the two arms differ
significantly, given that arm A improved whereas arm B declined
slightly (these changes were not statistically significant). In both
arms, improvement was observed in processing speed (Reaction
speed), which was no longer significant after multiple-compar-
ison correction. No differences were observed between different
types of Al and CDK4/6i (Figure S4; descriptive only, given the
small subgroup sizes). Subgroup analysis according to menopausal
status revealed decline in two outcomes (attention and working
memory: Digit sequences I; motor functioning: Fill the grid) in
pre- and perimenopausal women, whereas no decline was found
in postmenopausal women, although overlapping confidence in-
tervals indicated that differences between the groups were not
significant.

The majority of patients and controls did not show any mean-
ingful change at 9 months (Figure S3). The prevalence of meaningful
decline was significantly higher in the patient arms (arm A: 15.7%;
p = .003; arm B: 14.3%; p = .03) compared to the false-positive rate
(7.5%; 95% Cl, 4.2%-10.8%). This was not the case in the matched
control group (6.7%; p = .86).

Anxiety, depression, and fatigue

At study entry, patients reported significantly higher levels of anxiety
and depression (HADS) and fatigue (MFI-20) compared to matched
controls (Table 2; Tables S5 and Sé). The study arms with and without
CDK4/6i did not differ. Over the course of the 9-month interval,
anxiety, depression, and fatigue decreased significantly. At the 9-
month follow-up, most significant differences between patients and
controls had disappeared. Fatigue remained higher in both arms
compared to controls.

Correlative analysis revealed a weak correlation between verbal

memory (Wordlist learning) and general (r{242] = —0.16; p = .009)
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TABLE 1 Demographic and clinical characteristics.

Study entry

Nine-month follow-up

Arm A Arm B Arm A Arm B
Al + CDK Unmatched Matched Al + CDK Unmatched Matched
4/6i Al only  controls controls 4/6i Al only  controls controls
Demographic characteristics
Sample size, No. 130 130 192 130 108 91 175 120
Age, years
Mean + SD 59 + 11 59 £+ 10 52+ 13 57 + 11 59+ 11 59+9 52+13 57 + 11
Range 24-79 30-81 20-81 23-81 24-79 30-75  20-81 28-81
Education level,® No. (%)
Low 5(4) 6 (5) 0(0) 0(0) 5(5) 4(4) 1(1) 0(0)
Middle 72 (55) 72 (55) 63 (33) 62 (48) 55 (51) 53(58) 59 (34) 58 (48)
High 53 (41) 52 (40) 129 (67) 68 (52) 48 (44) 34 (37) 115 (66) 62 (52)
Computer use,® h/week
Mean + SD 8+9 10+ 12 17 +14 13 + 12 8+9 8+9 17 + 14 13 + 12
Range 1-36 1-60 1-55 1-40 1-42 1-40 1-60 1-55
Height, cm
Mean + SD 168 + 8 169 £ 7 169 + 8 170 £ 7
Range 128-187 154-188 128-187 155-188
Weight, kg
Mean + SD 76 £ 16 80+ 17 77 £16 82+ 18
Range 51-132 47-149 51-132 54-149
Menopausal status,” No. (%)
Pre- or perimenopausal 24 (18) 24 (18) 20 (19) 17 (19)
Postmenopausal 106 (82) 106 (82) 88 (81) 74 (81)
Disease characteristics
Tumor stage, No. (%)
Metastatic 130 (100) 129 (99) 108 (100) 90 (99)
Locoregional recurrence 0 1(1) 0 1(1)
Estrogen receptor status,® No. (%)
Positive 130 (100) 129 (99) 108 (100) 91 (100)
Negative 0 1(1) 0 0
Progesterone receptor status,® No. (%)
Positive 87 (67) 95 (73) 77 (71) 68 (75)
Negative 42 (32) 35 (27) 30 (28) 23 (25)
Not examined 1 (1) 1(1)
Her2neu status,® No. (%)
HER2 negative 128 (98) 128 (98) 106 (98) 90 (99)
Inconclusive 1(1) 0 1(1) 0
Not examined 1 (1) 2(2) 1(1) 1(1)
De novo metastatic disease,” 39 (30) 46 (35) 31 (29) 36 (40)

No. (%)
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TABLE 1 (Continued)
Study entry Nine-month follow-up
Arm A Arm B Arm A Arm B
Al + CDK Unmatched Matched Al + CDK Unmatched Matched
4/6i Al only  controls controls 4/6i Al only  controls controls
Previous malignancy,® No. (%) 11 (8) 19 (15) 9 (8) 14 (15)
(Neo)adjuvant cancer treatment”
Previous systemic treatment, 80 (62) 71 (55) 66 (61) 45 (49)
No. (%)
Chemotherapy, No. (%) 64 (49) 62 (48) 52 (48) 39 (43)
Endocrine therapy, No. (%) 75 (58) 66 (51) 63 (58) 41 (45)
Tamoxifen only 34 (26) 24 (18) 25 (23) 13 (14)
Al only 10 (8) 5 (4) 10 (9) 5 (5)
Sequential 38 (29) 45 (35) 35 (32) 31 (34)
Other 5 (4) 3(2) 5 (5) 3(3)
Targeted therapy, No. (%) 2(2) 1(1) 1(1) 0
Time since last systemic treatment, years
Mean + SD 44 +48 43+38
Range 0-22.5 0-16
SONIA treatment characteristics’
Al, No. (%)
Anastrozole 26 (20) 33 (25) 22 (20) 23 (25)
Letrozole 101 (78) 95 (73) 83 (77) 66 (73)
Combination’ 3(2) 2(2) 3(3) 2(2)
CDK4/6 inhibitor, No. (%)
Abemaciclib 0 0
Palbociclib 110 (85) 92 (85)
Ribociclib 18 (14) 14 (13)
Combination’ 2(2) 2(2)

Abbreviations: Al, aromatase inhibitor; CDK4/6i, cyclin-dependent kinase 4/6 inhibitors.

2Educational level according to Verhage, grouped into low (Verhage 1-3), middle (Verhage 4 and 5), and high (Verhage 6 and 7).

bSelf-reported computer use.
At time of randomization.
dOf metastasis, or primary tumor if not available.

°HER2 negative indicates 1+ or not amplified; inconclusive indicates 2+ and no amplification test done.

fSynchronously metastasized disease (incidence date of primary breast cancer indicates the incidence date of metastatic disease) or an interval of <6

months between primary breast cancer and metastatic disease.

80ne or more previous malignancies.

P(Neo)adjuvant treatment for primary breast cancer or a previous malignancy.

Treatment received in the first line during the SONIA study up until the time of Amsterdam Cognition Scan completion at the 9-month follow-up.

IReceived multiple types of Als or CDK4/6i.

and physical fatigue (r[242] = —-0.19; p = .005) at study entry. All
other associations were not significant. Neither anxiety, depression,
or fatigue reported at study entry, nor anxiety, depression, or fatigue
reported at the 9-month follow-up, was associated with cognitive

change at 9 months.

DISCUSSION

SONIA-EfFECT examined cognitive function in women with
HRTHER2™ ABC. At study entry, patients starting first-line endocrine
therapy showed cognitive impairment, which was partly associated
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Cognitive performance Arm A versus controls Arm B versus controls Arm A versus Arm B
worse performance controls better performance unadjusted adjusted Es unadjusted adjusted ES unadjusted adjusted ES
D — | . p value p value p value pvalue p value pvalue
L ina& Word list learning | w— ArmA(N=130) <.001* 002* .49 .004* 030* 37 367 1.000 0.12
earnin .
9 Al + CDK4/6i
memory 3
Word list recall | == Arm B (N =130) 019 097 30 014* 083 31 909 1.000 0.02
Al only
Box tapping 176 529 a7 405 810 .10 563 1.000 0.07
Attention
& working Digitsequencesl| 986 986 .00 094 283 .21 110 1.000 020
memory
Digitsequencesll 114 458 .20 .005* 037% 35 275 1.000 0.14
. Reaction speed .002%  018% .40 001%013% .41 877 1.000  0.02
Processing
speed
Connectthe dots| .002* 020% .39 061 244 24 .200 1.000 0.16
. Connectthe dotslI .004* 025% .38 .001* oM* 42 887 1.000  0.02
Executive
functioning
Place the beads 386 772 R .838 838 .03 473 1.000  0.09
Mo'tor' Fill the grid 3 .004* 026* 36 .025* 124 28 466 1.000  0.09
functioning ] :

-1.0 -05 00 05 1.0
Z score

FIGURE 3 Cognitive function at study entry. Average ACS z scores in both study arms are shown (arm A: N = 130; red; arm B: N = 130;
blue), standardized on the basis of the matched control group (N = 130) and adjusted for computer use. The shaded areas indicate the 95%
confidence interval around the mean. The dashed line indicates the mean of the matched control group. Independent t-tests were used for
pairwise comparisons to assess differences in average performance between patient arms and matched controls. Both unadjusted and
Bonferroni-Holm-adjusted p values are reported with standardized effect sizes (Cohen d) alongside the respective ACS outcomes.
*Statistically significant differences (at a = 0.05) after multiple-comparison correction, also highlighted in color. ACS indicates Amsterdam
Cognition Scan; Al, aromatase inhibitor; CDK4/6i, cyclin-dependent kinase 4/6 inhibitors; ES, effect size.

with prior systemic treatment. Patients also reported elevated levels
of anxiety, depression, and fatigue. During treatment, we observed
no group-level cognitive decline and minimal differences between
patients who received Als alone or in combination with CDK4/6i. At
the individual level, however, cognitive function declined in a small
group of patients, again regardless of CDK4/6i. Anxiety and
depression normalized after 9 months. Fatigue decreased as well but
remained elevated. We conclude that 9 months of first-line treat-
ment with endocrine therapy does not seem to substantially worsen
cognitive function in most patients, nor does the addition of CDK4/6i
improve or worsen cognitive function. These findings suggest that
cognitive function need not be an important consideration when
making treatment decisions in this setting.

We found limited cognitive decline during the first 9 months of
first-line treatment. Only a small subset of patients exhibited
meaningful decline (arm A, 15.7%; arm B, 14.3%), although more than
expected given the false-positive rate (7.5%). We chose this time
point on the basis of previous studies investigating progression-free
survival after first-line endocrine therapy with or without CDK4/
6i%6728 to ensure that women were exposed to the therapies as long
as possible and had not already switched to the next line of therapy.
With a median treatment duration exceeding 1 year (arm A, 20.1
months; arm B, 16.1 months) in the SONIA trial,*> most patients were
indeed still on first-line treatment at the 9-month follow-up of
SONIA-EfFECT (79%). Like other side effects, including menopausal

symptoms or fatigue,?’ cognitive effects typically emerge relatively
early (within months) after treatment initiation.3%%* Thus, under
continuous first-line treatment, we do not expect emerging cognitive
decline later than 9 months; however, late-onset effects resulting
from prolonged estrogen depletion cannot be ruled out either. The
trajectory of cognitive decline upon switching to second-line treat-
ment with fulvestrant remains to be investigated.

Effects of endocrine therapy may vary depending on the patient’s
hormonal background. Menopausal status might influence the
development of cognitive decline, although the literature remains
inconclusive.'® Premenopausal women may be more affected by
sudden estrogen deprivation because their brain is more reliant on
estrogen, whereas postmenopausal women are already adapted to
lower estrogen levels. In our study, pre- and perimenopausal women
showed greater cognitive decline during first-line treatment
compared to postmenopausal patients, although the differences were
not statistically significant. Given the overall limited cognitive decline
observed and the absence of data on menopausal status before
(neo)adjuvant treatment, we were unable to further examine the
effects of menopausal status.

At study entry, patients diagnosed with ABC already present with
cognitive impairment across all cognitive domains, with a 46.5%
prevalence—more than twice the false-positive rate (20.0%). Most
patients (85%) had just started first-line treatment, with a median of 6

days. Given that steady-state levels take time to achieve (anastrozole,
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Cognitive change

Arm A versus controls Arm B versus controls Arm A versus Arm B

unadjusted adjusted
p value

p value

1) 322

945

603

.839

.012*

.281

.855

122

.093

decline nochange improvement
I i
Learnina& Word list learning 1 | == ArmA(N=108)  .484
€aming Al + CDK4/6i
memory :
Word list recall | w—=ArmB(N=9
Al only
Box tapping
Attention
& working Digitsequencesl
memory
Digitsequencesll
. Reaction speed
Processing
speed
Connectthe dots|
. Connectthe dotsll
Executive
functioning
Place the beads
Motor . .
functioning Fill the grid 3 ] I 3 1
-1.0 -05 0.0 05 1.0
ZSRB score

1.000

1.000

1.000

1.000

1.000

116

1.000

1.000

979

.838

.10

.01

.07

.03

.36

.03

.21

.23

unadjusted adjusted
p value

unadjusted adjusted

p value = p value p value £
.268 1.000 .16 .710 1.000 0.05
.828 1.000 .03 338 1.000 0.14
.738 1.000 .05 799 1.000 0.04
.389 1.000 A2 217 1.000 0.18
310 1.000 14 427 1.000 0.11
.012* 21 .38 .864 1.000 0.03
967 1.000 .01 322 1.000 0.14
.610 1.000 .07 .806 1.000 0.04
.081 725 .24 .001* .014* 0.45
139 1.000 .22 .011* .099  0.37

FIGURE 4 Cognitive change at 9 months. Average ACS standardized regression-based change scores in both study arms are shown (arm
A: N = 108; red; arm B: N = 91; blue), standardized on the basis of the change in the matched control group (N = 120). The shaded areas
indicate the 95% confidence interval around the mean. The dashed line indicates the mean in the matched control group. Independent t-tests
were used for pairwise comparisons to assess differences in average performance between patient arms and matched controls. Both
unadjusted and Bonferroni-Holm-adjusted p values are reported with standardized effect sizes (Cohen d) alongside the respective ACS
outcomes. *Statistically significant differences (at a = 0.05) after multiple-comparison correction. ACS indicates Amsterdam Cognition Scan;
Al, aromatase inhibitor; CDK4/6i, cyclin-dependent kinase 4/6 inhibitors; ES, effect size; ZSRB, standardized regression-based z score.

TABLE 2 Patient-reported outcomes.

Study entry

Nine-month follow-up

Arm A Arm B Arm A Arm B
Al + CDK4/6i Al only Matched controls Al + CDK4/6i Al Matched controls
Mood (HADS), mean + SD
Anxiety 72+42 81+44 55+ 31 58 + 3.7 6.3 + 37 5.6 + 3.7
Depression 50+ 3.9 53+43 32+24 41+ 3.6 3.9 + 34 3.9 +31
Fatigue (MFI-20), mean & SD
Total fatigue 57.4 + 19.5 59.9 + 20.7 410 + 141 515+ 194 511+ 191 447 +171
General fatigue 12.9 + 4.9 135+ 5.0 93+ 44 121 £ 4.8 11.6 + 4.7 10.1 £ 5.0
Physical fatigue 12.2 4+ 5.2 12.9 +£5.3 8.3 + 3.9 112 £ 49 111 +£ 47 9.1+ 45
Mental fatigue 11.0 + 4.4 10.8 + 4.5 85+ 35 9.9 + 4.2 10.0 + 4.7 93+ 4.1
Reduced 11.6 £ 4.5 12.3 + 4.9 7.9 + 34 100 + 4.8 10.1 + 44 83 + 3.6
activity
Reduced 9.6 +4.2 10.3 +£ 4.3 70 + 3.0 83+ 4.1 84 + 37 8.0 + 35
motivation

Abbreviations: Al, aromatase inhibitor; CDK4/6i, cyclin-dependent kinase 4/6 inhibitors; HADS, Hospital Anxiety and Depression Scale; MFI-20,

Multidimensional Fatigue Inventory 20.

7 days; CDK4/6i, 8 days; letrozole, 2-6 weeks)®?734 and patients who

had not yet started treatment showed comparable levels of impair-

ment as patients tested after treatment initiation, first-line treatment

being already initiated is unlikely to account for the observed

impairment at study entry. Instead, prior (neo)adjuvant systemic

treatment was associated with worse processing speed. Impaired
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processing speed is commonly observed in patients with cancer®® and
other clinical populations.3¢®” It is often the first domain to decline
with normal aging or neurodegeneration and, as a core function un-
derlying many cognitive tasks, is thought to contribute to impairment
in other cognitive domains.®>38 Although processing speed improved
over the 9-month interval, this improvement likely reflects regression
to the mean®’ or practice effects.*°

Most patients (80%) received multiple (neo)adjuvant treatments,
which made it impossible to disentangle individual treatment effects
of chemotherapy, Als, or tamoxifen. However, comparable effects on
processing speed have previously been associated with tamoxifen,

2041 which suggests that the observed

independent of chemotherapy,
association might be driven by tamoxifen. Als and tamoxifen have
different mechanisms of action: Als inhibit the formation of estrogen,
which results in hypoestrogenism.” Tamoxifen competitively binds
with ERs, and can exert agonistic or antagonistic effects depending
on the tissue to which it binds. In brain tissue, where both ERa and
ERB are expressed, tamoxifen acts as an antagonist on ER, which
likely underlies its adverse effects on cognition.*?> Because Als
drastically reduce estrogen levels, they are generally thought to
affect cognition more than tamoxifen. Increasing evidence suggests
the opposite: our findings align with earlier findings from the
Tamoxifen Exemestane Adjuvant Multinational (TEAM) trial, which
demonstrated cognitive decline with tamoxifen—but not with
exemestane*®—even after switching from tamoxifen to exemes-
tane.* It is still unclear how endocrine therapies affect ERa and ERB
in the brain, how menopausal status influences these effects, and
what biological mechanisms drive cognitive decline.

Importantly, patients without prior (neo)adjuvant systemic
treatment also showed cognitive impairment at study entry. This is
unlikely to be explained by emotional distress or fatigue, given that
we found no clear association between anxiety, depression, or fatigue
and most objective measures of cognitive function. Furthermore,
whereas psychological factors improved over 9 months, cognitive
function remained relatively stable. This supports theories that can-
cer itself may affect the brain and cognitive function.*

SONIA-EfFECT is the first study to investigate cognitive function
in a large population of patients with ABC via repeated cognitive
assessments, a matched no-cancer control group, and a state-of-the-
art approach for determining cognitive change. A limitation of our
study is the absence of a baseline cognitive assessment before any
systemic treatment in the majority of patients. Additionally, cognitive
impairment was slightly more prevalent than expected in the control
group. Despite these limitations, our study provides valuable infor-
mation to support treatment decisions upon diagnosis of ABC.

Our findings highlight the need for clinicians to recognize po-
tential cognitive problems in patients with cancer, educate patients
about possible cognitive effects, and refer them to appropriate care
(e.g., a clinical neuropsychologist) when necessary. Equally important
is addressing psychological distress and fatigue, which, although not
associated with cognitive function, can significantly affect patients’

well-being.

In conclusion, this study found no significant cognitive decline in
most patients on Als as monotherapy or combined with CDK4/6i as
first-line therapy for HRYHER2™ ABC. These findings suggest that Als
plus CDK4/6i should not be avoided solely because of short-term
cognitive concerns, with monitoring of the minority who decline.
However, clinicians should note that cognitive impairment is common
in patients with ABC, especially those with prior (neo)adjuvant
treatment, and may significantly interfere with daily life.
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