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Abstract.

Background: Several epidemiological studies report a negative association between Cancer and Alzheimer’s disease (AD).
Objective: To characterize the trajectories of memory loss in individuals with early amnestic cognitive impairment with and
without history of previous cancer.

Methods: Cognitive deterioration was assessed using the Montreal Cognitive Assessment (MoCA) or MoCA-Memory Index
Score (MoCA-MIS)biannually in subjects with early amnestic cognitive impairment followed-up retrospectively from 2007
to 2021. History of Cancer was obtained from clinical records. Simple linear regressions of MoCA-MIS scores were calculated
for each subject and analyzed with K-means cluster analysis to identify subgroups with different cognitive decline trajectories.
x* and ¢ tests were used for descriptive categorical and continuous variables and mixed multiple linear regressions to determine
cognitive decline covariates.

Results: Analysis of the trajectory of cognitive decline in 141 subjects with early amnestic cognitive impairment identified
two subgroups: Fast (n=60) and Slow (n=81) progressors. At baseline Fast progressors had better MoCA-MIS (p <0.001)
and functionality (CDR p=0.02, AD8 p=0.05), took less anti-dementia medications (p =0.005), and had higher depression
rates (p =0.02). Interestingly, Fast progressors slowed their speed of memory decline (from 1.6 to 1.1 MoCA-MIS points/year)
and global cognitive decline (from 2.0 to 1.4 total MoCA points/year) when Cancer history was present.

I These authors contributed equally to this work.

*Correspondence to: Maria Isabel Behrens, MD, PhD, Centro
Investigacion Clinica Avanzada (CICA), 3er piso sector A, Hos- 999, Independencia, Santiago, RM, Chile. Tel.: +56 2 29788260;
pital Clinico de la Universidad de Chile, Dr. Carlos Lorca Tobar E-mail: behrensl@uchile.cl.

ISSN 1387-2877/$35.00 © 2022 — IOS Press. All rights reserved.


mailto:behrensl@uchile.cl

2 R.1. Castillo-Passi et al. / Cancer History and Amnestic Cognitive Decline

Conclusion: Two trajectories of amnestic cognitive decline were identified, possibly derived from different neurophys-
iopathologies or clinical stages. This study suggests that a history of previous Cancer slows down amnestic cognitive decline,
specifically in a subgroup of subjects with depression at baseline and accelerated deterioration at follow-up.

Keywords: Alzheimer’s disease, cognitive decline, cancer history, memory, mild cognitive impairment

INTRODUCTION

Several epidemiological studies have reported a
negative association between Cancer and Alzhei-
mer’s disease (AD). Since early anatomopathologi-
cal reports suggesting an inverse association between
the occurrence of Cancer in AD patients [1, 2], there
have been numerous studies corroborating an inverse
relationship between the two disorders. Yamada et
al. in 1999 reported lower odds ratios for Cancer in
Japanese AD patients which was not observed for
vascular dementia [3]. In two longitudinal studies,
we reported that a history of Cancer reduces the risk
of AD and conversely, the presence of AD reduces
the risk of future Cancer [4, 5]. These results have
been corroborated in several studies [6—16] and four
meta-analyses [17-20]; however, a few reportschave
not found an inverse association [21-23].

In general, mutual protection between Cancer and
AD has been observed for all types of Cancer, includ-
ing skin Cancers. Furthermore, having more than one
Cancer confers greater protection [10]: Interestingly,
no association was observed.with vascular dementia
suggesting that the protection is'related to neurode-
generation [3, 5, 8].

The mechanism by which. AD and Cancer are
inversely associated,may. be due to deregulation of
common biological pathways in opposite directions
[24-27]. Accordingly,inverse patterns of expression
in AD and Cancer have been found in transcrip-
tomic meta-analysis [13, 28]. Also, alower likelihood
of secondary”AD diagnosis was found in Cancers
that underexpressed Pinl, an enzyme that is overex-
pressed in Cancer and downregulated in AD [29].
Nevertheless, the possibility of underdiagnosis of
Cancer in patients with dementia or other method-
ological biases has not been definitively excluded
[30, 31].

Recently, Ospina-Romero et al. (2019) compared
long-term memory trajectories in 14,583 subjects
before and after an incident of Cancer, in comparison
with patients without Cancer, showing that individ-
uals who developed Cancer had better memory and

slower cognitive decline than individuals of similar
age who remained Cancer free [32]..However, it is
still not well established if Cancer is a modifying
factor in the rate of cognitive decline in already cog-
nitively impaired subjects:"Besides,t is not clear if
there is a specific subgroup of patients that show this
kind of benign cogaitive trajectory.

In this study, we compared the trajectories of mem-
ory and cognitive<decline of subjects with amnestic
mild cognitive impairment (aMCI) and mild AD
(mAD) with’and without a clinical history of any
type of Cancer, in order to evaluate the role of Cancer
and type of Cancer in these courses. Since the trajec-
tory of memory decline varies significantly among
individuals with AD [33-35], we first performed
a classificatory analysis of the different cognitive
decline trajectories in our cohort.

METHODS

Study design and setting

This observational retrospective cohort research
took place at Hospital Clinico de la Universidad
de Chile (HCUCH) and Clinica Alemana de Santi-
ago (CAS), both in Santiago, Chile, from 2007 to
2021. Electronic clinical records from both institu-
tions were used to build the database for this study.
HCUCH and CAS provide clinical care to upper- and
middle-class socioeconomic status populations.

Eligibility criteria

Subjects with amnestic cognitive impairments
were included if aged > 58 years old, scored > 11
points in the Montreal Cognitive Assessment
(MoCA) and Clinical Dementia Rating sum of boxes
(CDR-SOB)<S5. Exclusion criteria included mode-
rate/severe AD, questionable cognitive impairment,
non-amnestic MCI or non-AD dementia, severe audi-
tory/visual impairment, or foreign language impair-
ments. Also, patients with less than three MoCA-MIS
evaluations were excluded from the analysis.
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Clinical assessment

All aMCI and mAD subjects were evaluated by a
single evaluator (MIB) in a standardized way in out-
patient consultations at HCUCH and CAS. Subjects
were followed-up over a maximum of 12.5 years. In
this research, time was measured in semesters which
was defined as a 6 &= 1-month time span. Therefore,
only evaluations separated at least by 5 months each
were considered.

Diagnosis of aMCI and mAD diagnosis were per-
formed using the NIA-AA criteria [36]. Dementia
status and severity were assessed using the CDR
and CDR-SOB. In addition, an informant filled in
the Alzheimer’s Disease 8 (AD8) Questionnaire. All
patients were tested with the MoCA [37], validated
for the Chilean population [38], at the initial and on
consecutive visits. Patients were assessed with a full
MoCA test if seen 1 year after the previous evalua-
tion, and, if seen in between (within 5 and 7 months
from the previous assessment) they were evaluated
with the MoCA memory index (MoCA-MIS) score
[39], orientation and fluency with letter P. The three
versions of the MoCA (with different sets of words
for memory recall) were used in each evaluation.to
avoid a learning bias. The MoCA-MIS has a maxi-
mum of 15 points which is calculated as the sum of the
number of words spontaneously recalled’'multiplied
by 3, the number of words recovered.with categori-
cal clues multiplied by 2, and the number of*words
recalled by recognition multiplied by 1. MoCA-MIS
was included due to its high sensitivity and specificity
for amnestic cognitive impairment diagnosis.

History of Cancer/and its. temporality were
obtained from clinical chartssand remote anamnesis.
Only subjects whorhad Cancer history at their first
MoCA assessment were included. So, subjects that
developed Cancer after enrollment were not consid-
ered in the Cancer group. In cases where the patient
had developed more than one type of Cancer in his
previous medical history, only the time of presenta-
tion of the first Cancer was considered. The Cancer
origin defined Cancer type, here divided in Skin
(squamous cell carcinoma, basal cell carcinoma, and
melanoma) or Non-Skin (prostate, testicle, breast,
ovary, cervix, larynx, lung, kidney, bladder, gastric,
intestine, colon, leukemia, lymphoma, and thyroid)
subtypes.

Baseline sociodemographic data (age, education,
and sex), family history of AD dementia, base-
line comorbidities (hypothyroidism, depression, type
2 diabetes [DM2], high blood pressure [HBP],

hypercholesterolemia) and treatment status (acetyl-
salicylic acid, memantine and/or acetylcholinesterase
[AChE] inhibitors) were also obtained from clinical
records. Depression diagnosis was confirmed using
Structured Clinical Interview for DSM-1V, Research
Version (SCID-RV) [40].

The principal research outcomes were total MoCA
and MoCA-MIS scores trajectories in time, consid-
ering the retrospective presence or absence of Cancer
diagnosis in the clinical history of the subjects.

Standard protocol approvals, registrations, and
patient consents

Sociodemographic and clinical data were collected
directly from clinical charts to an Excel datasheet pro-
viding a numeric code forreach participant ensuring
anonymity. Research was-evaluated and accepted by
HCUCH and CAS Research Ethics Committee and
granted a waiver for consent.

Descriptive statistics

A two-column table was used for descriptive statis-
tics using mean and standard deviation (SD) for
continuous variables and absolute and relative fre-
quencies for categorical variables. Amnestic subjects
with or without Cancer were compared using x? tests
for categorical variables and two-tailed unpaired Stu-
dent ¢ tests for continuous variables. 95% confidence
intervals (CI) were included for both analyses as a
measure of precision and an a < 0.05 was considered
significant. GraphPad Prism version 9.2.0 (2021) was
used for these purposes.

Analytic statistics

To detect different trajectories of memory and
global cognitive loss, we first used simple linear
regressions of the MoCA-MIS scores (0 to 15 points)
along time (1 to 25 semesters) for each participant
assuming linear trend, using Intercept, Slope, and
R? to describe trajectories. The intercept denotes an
approximation of memory status prior to the first
medical consultation (i.e., semester 0); Slope denotes
the rate of MoCA-MIS points lost per semester, and
R? the shape of the MoCA-MIS scores trajectory.
For instance, high R? denotes a linear decline, while
low R? values denote non-linear or noisy trajectories.
As mentioned in inclusion criteria, we removed all
participants with less than three MoCA-MIS obser-
vations, because regressions with 2 points would
produce a perfect R? and that a two-points estimation
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would be highly sensitive to measurement error.
MoCA-MIS was used for group classificatory pur-
poses due to its specificity for memory assessment
and the higher number of observations accumulated
during follow-up.

Following individual regression analysis, we used
classification algorithms which cluster (or group)
similar trajectories based on Intercept, Slope and R?
without a gold standard or proposed outcome (hence
an unsupervised rationale). The NbClust R library
was used to explore the number of clusters (or groups)
to extract. The two most voted solutions from a total
of 30 different methods included in this package were
explored. Using principal component analysis, we
projected the clusters into the two components which
explained more variance and selected those that were
more apart from each other (e.g., polygons that did not
overlap, and with higher distances of cluster borders).
Based on the K-Means algorithm with 25 random
starting points, clusters were obtained.

The following step was to characterize the groups
obtained by the algorithm. We then characterized
these groups using the Intercept, Slope, R?, as well
as with other socio-demographic and morbidity data.
Groups were named according to their characteristic
trajectories as “Fast and Slow Progressors”.

In order to analyze the evolution over time between
groups, the impact of Cancer on the trajectories of
the Fast and Slow Progressors groups was evaluated.
Mixed linear models (MLM) were used te control for
repeated measures with each cluster.obtained inde-
pendently. Dependent variables  were, MoCA-MIS
and MoCA total score. Independentivariables were
time (semesters), age (years), education (years), Can-
cer (as a dummy variable; using absence of Cancer
as reference), and*drugs used (as dummy variables,
using no drug usage as reference). A random inter-
cept and a random slope (time based) were defined.
This means that we modeled all participants assuming
that they would show differences in their initial scores
and individual trajectories as part of inter individual
differences. To evaluate if on top of that variability
independent variables might contribute not only to
differences on intercept but also to the rate of memory
loss (e.g., if Cancer slowed down the rate of mem-
ory loss), an interaction of time with all independent
variables was included.

Finally, based on the pruned models (models with-
out non-significant regressors), the MLM model was
reevaluated using the type of Cancer variable grouped
in Skin Cancer versus Non-Skin Cancer, with absence
of Cancer as reference.

Models were pruned using a backward method and
fitted using the Bound Optimization by Quadratic
Approximation (BOBYQA) [41]. Marginal R? (vari-
ance explained by fixed effects) and conditional
R? (variance explained by the whole model) were
estimated using Nakagawa-Schielzeth’s method and
extensions [42—44]. In general terms, marginal R? is
the explained variance due to the predictors used in
the regression model, while conditional R? includes
also the variance explained by interindividual dif-
ferences. The variance not explained. by the model
is because of noise (i.e., instriiment.imprecision or
non-specified sources of variability), or because the
trajectories do not followalinear shape.

To control for the potential impact of early mortal-
ity on the slopes of the .above-mentioned models, a
survival analysi§ was included. Survival curves were
estimated using Cox Proportional-Hazards Model for
the whole sample, with and without Cancer groups
and for the Fast and Slow subgroups.

To find outif there were any family biological links
in our data between the family history of Cancer and
AD with the presence of Cancer in our cohort, we
performed independent logistic regressions.

Finally, to strengthen the analysis, we performed a
sensitivity analysis to hidden bias on the interaction
coefficient to assess how large the effect of an unob-
served confounder should be in order to explain away
our findings [45, 46].

Statistical analyses were performed using Project
R software (2021). Clustering was performed using
NbClust and reshape2. MLM were performed using
Ime4, ImerTest, Optimx, and MuMIn. Survival curves
were estimated using survival and survminer. Finally,
plots were performed using ggplot 2.

RESULTS
Farticipants

From a total of 2,049 subjects with cognitive
related reasons for consultation, 1,419 had only one
evaluation or unmet inclusion criteria of being > 58
years old, scoring > 11 points on MoCA and a CDR-
SOB <5.

Exclusion criteria were applied to the remaining
630 subjects, which included moderate/severe AD
(n=49), questionable cognitive impairment (n =42),
non-amnestic MCI (n=91) or non-AD dementia
(including frontotemporal dementia (n=38), Lewy
bodies dementia/Parkinson’s disease dementia (n=
37), primary progressive aphasia (n=63), vascular
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2049 subjects with cognitive related
reasons for consultation

Y
630 subjects with >1 assessment,
>58 years old and = 11 MoCA score

v
141 aMCI and mAD ‘

included subjects
T

> 1419 Excluded

489 Excluded
non-amnestic MCI = 91
Questionable MCI = 42
» - Moderate-severe AD = 49
Other dementias:
- FTD=38
- Lewy body/Parkinson =37
- PPA=63
- Vascular/mixed dementia= 50
- PCA=10
- Other =28
Severe visual impairments’=2
< 3 MoCA+:MIS assessments = 79

n X
49 with clinical history
of cancer

92 without clinical history
of cancer

Fig. 1. Selection of the Study Sample. aMCI, amnestic mild cognitive impairment; mAD, mild Alzheimer’s disease; FTD, frontotemporal
dementia; PCA, posterior cortical atrophy; PPA, primary progressive aphasia; MoCA, Montreal Cognitive Assessment; MIS, Memory Index

Score.

dementia/mixed dementia (n = 50), posterior cortical
atrophy (n = 10), other forms of degenerative demen-
tia (n=28), and severe auditory, visual, or foreign
language impairments (n=2). After applying inclu-
sion and exclusion criteria 220 subjects with"aMCI
or mAD subjects were included in thedatabase.
But, since estimations of a slope with only two
MoCA-MIS assessments would behighly sensitive
to measurement error, patients with less than three
evaluations (n =79) were excluded and.a final sample
of 141 subjects were selected. Of them, 49 subjects
had clinical history of Cancer and 92 did not (Fig. 1).

Baseline description

Our final sample of 141 aMCI and mAD sub-
jects had an average of 73.5 (SD=6.4) years, 13.5
(SD=4.3) educational years, and 93 (66.0%) of
them were female (Table 1). Other baseline cogni-
tive and medical descriptions of subjects are available
in Table 1. Sociodemographic and clinical missing
data represented 1.25% of the final database, which
included subject’s memory biases or unavailability
from clinical records.

After dividing and comparing groups according to
their previous Cancer history, at study entry the group
with Cancer history (n=49) demonstrated a higher
proportion of men (p=0.006) and was older than
the Non-Cancer group (p=0.002). They had simi-
lar total MoCA and MoCA-MIS scores; however,

the group with Cancer history performed better in
Attention (p =0.012) and Delayed Recall (p =0.014)
MoCA subdomains. There were no differences in the
CDR (p=0.537) and CDR-SOB (p=0.427) at base-
line between groups, but the informant reported a
better ADS score in the Cancer group (p=0.006).
Also, no differences were obtained in comorbidities
and treatment status between groups (Table 1).
Cancer diagnosis was made on average 6.8 (SD =
6.5) years (range 0 to 35 years) before their first
clinical assessment. Out of the total subjects with
Cancer, 26.5% had Skin-related Cancers (basal cell
carcinoma n =10, squamous cell carcinoma n=0,
and melanoma n=4) and the rest had Non-Skin
Cancers (prostate =12, colon n=38, breast n=8, and
others = 12). Five subjects had clinical history of 2
different types of Cancer (Supplementary Table 1).

Trajectories of memory decline

Participants had a mean follow-up of 8.9 semesters
(SD=4.3; range 2 to 25 semesters), representing
626 MoCA-MIS and 545 total MoCA measurements.
Therefore, each subject had a mean of 4.44 MoCA-
MIS and 3.87 total MoCA evaluations. On average,
one MoCA-MIS and 0.87 total MoCA were per-
formed every year per subject.

Since the trajectories of memory decline showed
relevant variability among participants, our first
aim was to characterize and group the different
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Table 1
Baseline Description of Subjects
Total With Without Pt
Sample Cancer Cancer
n 141 49 92
Sociodemographic Data
Age (y), mean (SD) 73.5(6.4) 75.6 (6.2) 72.4 (6.3) 0.006**
Education (y), mean (SD) 13.5 (4.3) 12.8 (4.7) 13.9 (4.0) 0.157
Sex (Female), n (%) 93 (66.0) 24 (49.0) 69 (75.0) 0.002**
Cancer Status
Cancer, n (%) 49 (34.8) — — —
Cancer type (skin), n (%) 13 (9.2) 13 (26.5) — —
Clinical Description
Family history of AD, n (%) 51(36.2) 15 (30.6) 36 (39.1) 0.316
MoCA total score (0-30), mean (SD) 21.0 (3.9) 21.8(3.9) 20.6 (3.9) 0.068
Visuospatial (0-5), mean (SD) 3.5(1.3) 3.6(1.2) 3.5(1.3) 0.493
Naming (0-3), mean (SD) 2.6 (0.7) 2.5(0.7) 2.7(0.7) 0.267
Attention (0-6), mean (SD) 4.8 (1.3) 52(1.1) 4.6 (1.3) 0.012*
Language (0-3), mean (SD) 2.3(0.8) 2.2(0.9) 2.3(0.7) 0.473
Fluency (words), mean (SD) 13.5 (4.6) 12.7 (4.8) 13.9 (45) 0.132
Abstraction (0-2), mean (SD) 1.5 (0.6) 1.4 (0.6) 1:6/(0:6) 0.064
Delayed recall (0-5), mean (SD) 1.0 (1.4) 1.4 (1.6) 0.8 (1.2) 0.014*
MoCA-MIS (0-15), mean (SD) 7.9 (2.0) 8.5(3.9) 7.6 (3.0) 0.134
Orientation (0-6), mean (SD) 4.7 (1.5) 4.8 (1.6) 4.6 (1.5) 0.517
CDR score (0-3), mean (SD) 0.6 (0.2) 0.6 (0.2) 0.6 (0.2) 0.537
CDR-SOB score (0-18), mean (SD) 1.8 (1.1) 1.7 (1.3) 1.9 (1.1) 0.427
ADS score (0-8), mean (SD) 4.8 (2.0) 4.1(1.9) 5.1(1.9) 0.006**
Comorbidities
Hypothyroidism, n (%) 48 (34.0) 20 (40.8) 28 (30.4) 0.215
DM2, n (%) 40.(28:4) 13 (26.5) 27 (29.3) 0.724
HBP, n (%) 59 (41.8) 23 (46.9) 36 (39.1) 0.371
Hypercholesteremia, n (%) 57.(40.4) 20 (40.8) 37 (40.2) 0.945
Depression, n (%) 87 (61.7) 30(61.2) 57 (62.0) 0.932
Pharmacological Treatment
ASA, n (%) 27 (19.1) 8 (16.3) 19 (20.7) 0.534
Anti-Dementia Medications
None, n (%) 25 (17.7) 11 (22.4) 14 (15.2) 0.284
Anti-AChE, n (%) 24 (17.0) 10 (20.4) 14 (15.2) 0.435
Memantine, n (%) 24 (17.0) 8(16.3) 16 (17.4) 0.873
Both, n (%) 68 (48.2) 20 (40.8) 48 (52.2) 0.199

ACHhE, acetylcholinesterase; ASA, acetylsalicylic acid; AD, Alzheimer’s disease; AD8, Alzheimer Disease 8 Ques-
tionnaire; CAgcancer; CDR, Clinical Dementia Rating Scale; CDR-SOB, Clinical Dementia Rating Scale — Sum of
Boxes; DM2, Type 2 diabetes; HBP, high blood pressure; MoCA, Montreal Cognitive Assessment; MIS, Memory
Index Score.p values for comparison using ¢ tests for quantitative variables and x? test for qualitative variables.

*p<0.05, **p<0.01, *p<0.001.

trajectories of cognitive decline of all participants.
So, MoCA-MIS'scores were analyzed using individ-
ual linear regressions followed by cluster analysis.
Using this method two clusters were identified, denot-
ing differences in the rate of memory loss over time.
As shown in Fig. 2A, we detected a first group
named Fast Progressors with a higher memory loss
rate (steeper negative Slope; M =-0.95, SD=0.73),
a higher baseline MoCA-MIS score (higher Inter-
cepts M=11.74, SD=3.01) and a closer proximity
to linear trend in memory loss rate (higher goodness-
of-fit Marginal/Conditional R? values=0.47 / 0.77).
The other group, named Slow Progressors, showed
a slower rate of memory loss (close to zero Slope;

M=-0.06, SD=0.41), and lower baseline MoCA-
MIS scores (lower Intercepts; M =6.58, SD=2.53).
Also, their trajectories showed lower goodness-of-
fit R2 values (Fast / Slow RZ=M=0.76, SD=0.19 /
M=0.25, SD=0.24), pointing to progressions with
slopes close to zero and departure from a linear
trend.

When assessing the MLM results, both groups
showed significant memory decline in their MoCA-
MIS scores over time, with a higher rate in Fast
Progressors, which lost around 1.6 (out of 15) MoCA-
MIS points per year (Table 2; 3=-0.82 [-0.94 —
—0.69] MoCA MIS points/semester; p <0.001). On
the other hand, Slow Progressors lost 0.22 (out of
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Table 2

Mixed Linear Model Results of MoCA-MIS and Total MoCA for Fast and Slow Progressors and their Interaction with Cancer

MoCA-Total

MoCA-MIS

Slow Progressors Fast Progressors Slow Progressors

Fast Progressors

[-6pt] Predictors

[-6pt]

Estimates (CI)
21.94 (19.58 —24.30) <0.001***

p
<0.001***

Estimates (CI) p Estimates (CI)
9.16 (7.66 — 10.66)  <0.001***  20.3 (17.25 - 23.36)

p

Estimates (CI)
1244 (10.60 — 13.68) <0.001***

Intercept (MoCA score)

Age (y)

-0.71 (-0.88 — -0.54) <0.001***

-0.82.(=0.94 <-0.69) <0.001***

0.005**
-0.97 (-1.15--0.79) <0.001***

0.28 (0.08 — 0.48)

0.001**

-0.12 (-0.18 — -0.05)

Education (y)
Time (Semester)

0.033* - -

- 1.88 (0.15 -3.61)

0.153

1.08 (-0.40 =2.55)

Cancer (With Cancer)
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AChE, acetylcholinesterase; CI, 95% Confidence Interval; MoCA, Montreal Cognitive Assessment; MIS, Memory Index Score. Columns represent dependent variables, MoCA-MIS or Total
MoCA, in Fast and Slow Progressors while each row represents regressors or predictors. Blank cells indicate variables that were tested but removed from the model due to non-significant results.
The interaction between time and Cancer (i.e., Time [Semester]: Cancer [With Cancer]) denotes the change in the rate of score loss due to Cancer presence. Time (Semester) and Time (Semester):
Cancer (With Cancer) interaction regression coefficients can be read as score points by:semester, while the remaining variables contribute globally and independently to the semester (given their
dummy variable nature). *p <0.05, **p <0.01, ***p <0.001.

15) MoCA-MIS points per year (Table 2; § =-0.12
[-0.18 — -0.05] MoCA MIS points/semester;
p=0.004). A similar pattern was found for global
cognitive decline measured by total MoCA score,
but the difference in progression was not as strong
as for MoCA-MIS; Fast Progressors lost around 2
points (out of 30) of total MoCA score per year
(Table 2; B=-0.97 [-1.15 — -0.79] Total MoCA
points/semester; p<0.001), while Slow Progres-
sors lost around 1.4 points (out of 30) per year
(Table 2; B=-0.71 [-0.88 — —0.54]Total MoCA
points/semester; p <0.001)

There were no significant differences in age of the
participants in Fast and Slow,Progression groups nei-
ther in total baseline MoCA nor MoCA-MIS scores
(»p>0.05), therefore, age was removed from the
models. Education contributed only to the starting
total MoCA._score in Fast Progressors (Table 2;
3 =0.28 [0.08 = 0.48] Total MoCA points; p = 0.005).
Specifically,Fast Progressors started with 0.28 points
more of total MoCA per year of education. Therefore,
a ten-year education background would contribute
2.8 points of total MoCA score. In contrast, Slow Pro-
gressors showed no protective effect for educational
background.

Regarding medication, all drugs showed a negative
contribution to total MoCA and MoCA-MIS at base-
line, regardless of the group, indicative of the status
of the patients at the time in which medications were
prescribed (Table 2). In general, AChE inhibitors had
a small effect, in most cases not different from zero
(no difference compared to no-medication; Table 2;
Fast Progressors =-1.03 [-3.15 — 1.09] MoCA
MIS points; p=0.34) except for MoCA-MIS in
Slow Progressors where the use of AChE inhibitors
was associated with a loss of 2 MoCA-MIS points
(Table 2; B=-2.24 [-4.09 — —-0.39] MoCA MIS
points; p=0.018). Memantine use was associated
with a greater memory and cognitive deterioration
in Fast and Slow Progressors, showing an impact of
3 (Fast progressors: 3 =—3.01 [-5.13 ——0.89] MoCA
MIS; p=0.001) to almost4 (B =-3.71 [-6.26 ——1.16]
Total MoCA points; p=0.004) points less in initial
scores of total MoCA and MoCA-MIS. Finally, con-
comitant use of both drugs was associated with lower
MoCA-MIS scores, both in Fast (3=-1.7 [-3.39 —
—0.00] MoCA MIS points; p=0.05; =-1.41 [-3.55
— —0.73] Total MoCA points; p=0.196) and Slow
Progressors (B=-2.71 [4.31 — —-1.11] MoCA MIS
points; p=0.001; B=-0.18 [-2.71 — 2.36] Total
MoCA points; p=0.89), being greater in the latter
(Table 2).
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Association with Cancer

The presence of Cancer history showed a signifi-
cant contribution counteracting the rate of memory
loss over time (depicted as the interaction Time
[Semester]: Cancer [with Cancer]) in the group
of Fast Progressors. This interaction indicates that
patients slowed their MoCA-MIS decline from 1.6
points to 1.1 points per year (a countereffect of
B=0.23 [0.07 — 0.39] MoCA-MIS points/semester;
p=0.004). The same pattern was observed for total
MoCA score, where the expected loss of around 2
points per year was reduced to 1.4 points (Table 2;
=0.28 (0.02 — 0.54) MoCA MIS points/semester;
p=0.032). Cancer history also contributed to a higher
baseline total MoCA score (=1.88 [0.15 — 3.61]
Total MoCA, p=0.033).

Fast Progressors showed the model with high-
est marginal pseudo-R? (0.47), where predictors
explained 47% of the variance for MoCA-MIS, mean-
ing that cognitive decline along time, Cancer, and
AD medication explained about half of the variability
observed. In the case of Total MoCA the variability
was lower (37%), and it also included education as
a significant predictor of trajectory. In contrast, Slow
Progressors, showed a low marginal pseudo-R? for
MoCA-MIS (0.09) explaining 9% of data variability.
For Total MoCA this improved up to 28%, mainly
explained by time variable (i.e., cognitive decline on
time). Conditional pseudo-R? represents.the variance
explained by the predictors and by patients’«variabil-
ity (interindividual differences) in their trajectories.
The low conditional pseudo-R? for"MoCA-MIS in
Slow Progressors are indicative of departure from lin-
ear trend, which canbe attributed to other sources of
variability not evaluated.in this study, or that these
patients had nonlinear trajectories. These values are
consistent with the results obtained with simple linear
regressions and reported in Fig. 2A, as Slow progres-
sors presented lower R2s.

The individual trajectories of the MoCA-MIS in
both groups (Fig. 2B) show the impact of Cancer on
slowing the rate of memory loss in Fast Progressors
and not in Slow Progressors. Nonetheless, it is also
possible that the effect found was not present in all
patients, where some high-rate memory loss can be
seen in Fast Progressors with Cancer as well. Consis-
tent with the R? values shown in Fig. 2A and the con-
ditional pseudo-R? in Table 2, Slow Progressors pre-
sented more variability (lower conditional pseudo-
R?) in their trajectories both for MoCA-MIS (0.49)
and total MoCA (0.86; Fig. 2B and 2C, respectively).

During follow-up, 22 subjects (15.6% of the
total sample) died. Interestingly, there was no early
mortality of subjects with Cancer in the survival anal-
ysis (B=0.366, HR =1.443, 95%CI=0.615-3.381,
p=0.4) (Fig. 3).

Finally, trying to further explore a biological link
between AD and Cancer, we ran a logistic regression
analysis with family history of Cancer and family
history of AD, and no significant relationship was
found (p =0.81 and p=0.74, correspondingly).

Given the observational nature of<the study, a
sensitivity analysis to hidden’bias was:conducted.
The objective of this analysis is to estimate how
large potential unobserved:confounders should be
in order to explain away our findings and yield a
non-statistically significant difference between the
rate of progression of patients with and without can-
cer. Following Frank et al. (2013) [46], we found
that an unobserved confounder should explain 28.2%
and 6.2% of‘the effect of the progression over time
between cancer and non-cancer patients for Fast Pro-
gressors, which is equivalent to switching 7 (out of
23) and' 3 (out of 23) patients to an effect of O for
MoCA-MIS and Total MoCA, respectively. For the
MoCA-MIS findings, which is highly related to the
evolution into AD, results appear to be robust to
potential hidden bias, providing additional evidence
that a spurious correlation is less likely, even though
still possible.

Effect of Cancer type in fast progressors

As the next step, we focused on the significant
effects of Cancer found in Fast Progressors and
wondered if there is a particular type of Cancer
that determines this effect. So, the MLM analysis
was repeated, introducing the Cancer variable split
into Skin and Non-Skin Cancer subgroups, consid-
ering that previous research had studied this variable
separately [4, 47]. It is important to consider the par-
ticipation of Skin Cancer, since it is the most frequent
type of Cancer in white population [48] and also has a
good prognosis (except for melanoma), diminishing
the chance that patients die before they reach the age
of risk of cognitive deterioration. In this case, in both
groups, Skin and Non-Skin, Cancer had a significant
effect of slowing down the decline in MoCA-MIS
over time, being slightly higher for Skin Cancer (Skin
Cancer: 3=0.27 [0.02-0.52], p=0.036 versus Non-
Skin Cancer: 3 =0.24 [0.07-0.52]; p = 0.005; Table 4
and Fig. 2D). For total MoCA, the effect of type
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Table 3
Description of Subjects per Classificatory Group and Cancer Condition
All (n=141) Fast Progressors (n=60) Slow Progressors (n=281)
Fast Slow p? Without With p* Without With P?
progressors Progressors Cancer  Cancer Cancer  Cancer
n 60 81 — 37 23 — 55 26 —
Sociodemographic Data
Age (y), mean (SD) 73.7(64) 73.4(6.5) 0.843 73.2(6.3) 74.4(6.7) 0457 71.9(6.4) 76.6 (5.7) 0.002**
Education (y), mean (SD) 13.5(44) 135(43) 0989 13.8(3.6) 13.0(5.5) 0425 1424.3) 12.7(4.1) 0.241
Sex (Female), n (%) 39(65.0) 54 (66.7) 0.836 27 (75.0) 11(47.8) 0.049* 41 (74.5) 13(50.0) 0.029*
Cancer Status
Cancer, n (%) 23(38.3) 26(32.1) 0.442 — — — — — —
Cancer type (skin), n (%) 6 (10.0) 7 (8.6) 0.947 — 6 (26.1) — — 7(26.9) —
Clinical Description
Family history of AD, n (%) 21(35.0)  30(37.0) 0.803 12(33.3) 8(34.8) 0.851 23(41.8) 7(269) 0.195
MoCA total (0-30), mean (SD) 224 (4.0) 20.03.6) <0.001** 21.6 (4.3) 23.5(3.3) 0.074-19.9(3.5) 20.3(3.9) 0.569
Visuospatial (0-5), mean (SD) 3.7(1.4) 34(1.2) 0267 37(14) 36(4) 0713 33(.3) 3.7(1.0) 0203
Naming (0-3), mean (SD) 26(0.7)  2.6(0.6) 0.797 2.6(0.7) 2.6(0.7) 0.770 2.7(0.6) 2.5(0.7) 0213
Attention (0—6), mean (SD) 49(1.2) 4814 0.59 47(1.3) 52(0.9) 0080, 4.6(1.3) 52(1.4) 0.078
Language (0-3), mean (SD) 23(0.8) 2.3(0.8) 0924 23(0.7) 22(L0O) 0.638 2.3(0.7) 2.2(0.8) 0.600
Fluency (words), mean (SD) 13.3(5.0) 13.7(43) 0.667 142(54) 11.9(3.8).0.084 13.8(3.7) 13.4(5.5) 0.742
Abstraction (0-2), mean (SD) 1.6 (0.6) 1.4 (0.6) 0237 1.6(0.5) 14(0.6) 0.155 15(0.6) 13(0.6) 0.183
Delayed recall (0-5), mean (SD) 1.8 (1.5) 0.4(0.8) <0.001" 1.5(1.6)< 2.4 1.4) 0.012* 04(0.7) 05(1.1) 0.630
MoCA-MIS (0-15), mean (SD) 10.2(2.8) 6.3 (2.6) <0.001** 9.4 (2.8) 11.3(2.5) 0.010®* 6.4 (24) 6.03.0)0 0.501
Orientation (0-6), mean (SD) 50(1.4) 45(1.6) 0.034* 48(1.6) 54(L0) 0.069 4.6(1.4) 43(1.9) 0433
CDR (0-3), mean (SD) 0.6(0.2) 0.7(0.3) 0.017* 0.6(0.2), 05(0.2) 0.233 0.6(0.3) 0.7(0.3) 0.368
CDR-SOB (0-18), mean (SD) 1.5(1.0) 2.0(1.2) 0.005* " 1.7(1.0), 1.1(0.8) 0.011™ 19(1.1) 2.2(1.3) 0.284
AD8 (0-8), mean (SD) 44 (2.0 512.0) 0.053" 4722 38(15 0.126 54(1.7) 43(.2) 0.030*
Comorbidities
Hypothyroidism, n (%) 21(35.00 27(33.3) 0836 11430.6) 9(39.1) 0453 16(29.1) 11(423) 0.239
DM2, n (%) 17 (28.3) 23(28.4) 0.994. 10(27.8) 7(304) 0.776 17(30.9) 6(23.1) 0.466
HBP, n (%) 25(41.7) 34 (42:0) 0971 ~ 14 (38.9) 11(47.8) 0.446 22(40.0) 12(46.2) 0.600
Hypercholesteremia, n (%) 24 (40.0)  33/40:7) 0929 11(30.6) 12(52.2) 0.082 25(45.1) 8(30.8) 0.209
Depression, n (%) 44 (73.3)  43(53.1) 0.015* 27 (75.0) 16(69.6) 0.776 29 (52.7) 14(53.8) 0.925
Pharmacological Treatment
ASA, n (%) 11 (186) .16 (19.8) 0.832 6(16.2) 5(21.7) 0591 13(23.6) 3(11.5) 0202
Anti-Dementia Medications
None, n (%) 17.(28.3) 8(9.9) 0.005** 8(21.6) 9(39.1) 0.143 6(109) 2(7.7) 0.651
Anti-AChE, n (%) 10 (16.7) /13 (16.0) 0923 6(16.2) 4(174) 0906 8(145) 6(23.1) 0.343
Memantine, n (%) 10°(16.7)» 14 (17.3) 0923 8(216) 2(8.7) 0.192  8(14.5) 6(23.1) 0343
Both, n (%) 23 (38.3) 45(55.6) 0.043* 15(40.5) 8(34.8) 0.656 33(60.0) 12(46.2) 0.242

AChE, acetylcholinesterase; ASA, acetylsalicylic acid; AD, Alzheimer’s disease; AD8, Alzheimer Disease 8 Questionnaire; CA, cancer;
CDR, Clinical Dementia Rating Scale; CDR-SOB, Clinical Dementia Rating Scale — Sum of Boxes; DM2, Type 2 diabetes; HBP, high
blood pressure; MoCA, Montreal Cognitive Assessment; MIS, Memory Index Score. ?p values for comparison using ¢ tests for quantitative
variables and x? test for qualitative variables. *p <0.03, **p <0.01, ***p <0.001.

of Cancer was lost when splitting Cancer variables.
This discrepancy may be explained by the reduced
number of observations in the Skin Cancer group,
and also by a less robust effect compared to the one
detected with MoCA-MIS.

Clinical description of subjects with and without
Cancer in the Fast and Slow Progressor
subgroups

Table 3 shows the mean and SD of the measured
cognitive scores, Cancer status, sociodemographic

and clinical characteristics of the Fast and Slow
Progressor subgroups. There were no differences in
age, education, sex, family history of AD, or Cancer
prevalence between the two subgroups. The most dis-
tinctive differences were better cognitive measures in
the Fast Progressor subgroup as determined by a bet-
ter baseline total MoCA (p <0.001), Delayed Recall
(»<0.001), and MoCA-MIS (p<0.001) scores and
lower CDR (p=0.017), CDR-SOB (p=0.005), and
ADS8 (p=0.05) scores; in all indicating that Fast
Progressors had better cognition at study entry
than Slow Progressors, without significant age or
sex differences. Regarding the different domains
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Table 4
Mixed Linear Models Results Considering the Type of Cancer
Predictors MoCA-MIS MoCA-Total
Estimates (CI) P Estimates (CI) P
Intercept (MoCA score) 10.61 (9.63 - 11.59) <0.001*** 21.4 (18.46 —24.34) <0.001***
Age (y) - - - -
Education (y) - - 0.26 (0.06 — 0.47) 0.01*
Time (Semesters) -0.81 (-0.94 - -0.69) <0.001***  -0.86 (-0.99 - -0.72)  <0.001***
Cancer Type Non-Skin 1.61 (-0.04 - 3.27) 0.056 - -
Skin 1.09 (-1.53 - 3.70) 0.415 - -
Time (Semesters): Cancer Type (Non-Skin) 0.24 (0.07 - 0.40) 0.005** - -
Time (Semesters): Cancer Type (Skin) 0.27 (0.02 - 0.52) 0.036* - -
Memory Medications Anti-AChE - - —0.83 (3.49-1.84) 0.544
Memantine - - —4.16 (=6.74 — -1.58) 0.002**
Both - - —1.65 (=3.84 — 0.54) 0.139
Patients (n) 60 60
Measurements (7) 273 243
Marginal R? / Conditional R? 0.42/0.76 0.39/0.90

AChE, acetylcholinesterase; CI, 95% Confidence Interval; MoCA, Montreal Cognitive Assessment;, MIS, Memory Index Score. Columns
represent dependent variables (MoCA-MIS or Total MoCA), while each row represents-regressors or predictors. Blank cells are variables
that were tested but removed from the model due to non-significant results. The interactions between time and Cancer type (i.e., Time
[Semester]: Cancer Type [Non-Skin], Time [Semester]: Cancer Type [Skin]) denotes the change in the rate of score loss due to each type of
Cancer present. Time (Semester), Time (Semester): Non-Skin, and Time (Semester): Skin.interaction regression coefficients can be read as
score points by semester, while the remaining variables contribute globally and‘independently to the semester (given their dummy variable

nature). *p <0.05, *p<0.01, **p<0.001.

of the MoCA, Fast and Slow Progressors had
similar scores, except for better results in Oriénta-
tion (p=0.034) and Delayed Recall (p<0.001) in
Fast Progressors. The two groups were also sim-
ilar in their comorbidities (hypothyroidism, DM2,
HBP, and hypercholesterolemia), except, for depres-
sion prevalence (p =0.015), which was higher in Fast
Progressors. Pharmacological treatment also pre-
sented differences; Slow Progressors-had a higher
proportion of patientsstaking both memantine and
ACHhE inhibitors (p =0.043)-and fewer patients tak-
ing neither of them«(p.=0.005), in accordance with a
more advanced cognitive decline in this group. In all,
Fast and Slow Progressors were alike in most vari-
ables explored but for a better cognitive status and
higher proportion of depression in Fast Progressors
(Table 3).

The presence of Cancer was associated with a
significant difference of sex with higher preva-
lence of males in the Cancer groups, both in
Fast (p=0.049) and Slow Progressors (p=0.029;
Table 3, and also evidenced in Table 1). In addi-
tion, in Fast Progressors, Cancer was associated with
better Delayed Recall (p=0.012) and MoCA-MIS
(p=0.01) scores, and better CDR-SOB average score
(»p=0.011) compared with Non-Cancer Fast Progres-
sors (Table 3). Finally, Slow Progressors with Cancer
were older (»p=0.002) and had better AD8 scores

(p=0.03) compared with Non-Cancer Slow Progres-
sors (Table 3).

Survival analyses

Finally, considering the advanced age of these
patients and the presence of metabolic and Cancer
comorbidities, we performed a survival analysis with
the intention of evaluating whether there was any
distortion in data attributable to early mortality. As
shown in Fig. 3, there were no significant differences,
neither in the analyses of Fast and Slow Progressors
(B=0.2425,HR =1.274,95%CI1=0.5346-3.038, p =
0.61), with and without Cancer (3=0.366, HR =
1.443, 95%CI1=0.615-3.381, p=0.4), nor in their
subgroups (Fig. 3B). On the other hand, to rule out
sex bias in mortality, we repeated this analysis using
this variable without finding significant differences
(All: B=-0.073, HR =0.929, 95%CI =0.389-2.218,
p=0.87; Without Cancer: 3=0.033, HR=1.034,
95%CI=0.211-5.056, p=0.96; With Cancer: =
—0.294, HR =0.744, 95%CI = 0.226-2.444, p=0.62;
see Supplementary Figure 1).

Furthermore, the high frequency of low mortal-
ity rate Cancers (non-melanoma skin Cancer and
prostate Cancer, n=22, 44.9%) in our cohort present
additional evidence against a potential issue of sam-
ple selection on mortality (Supplementary Table 1).
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DISCUSSION

In summary, our results support the existence of
at least two different profiles of memory decline
in a cohort of patients with early amnestic cogni-
tive impairment. We detected one group, named Fast
Progressors, with faster memory decline (around 1.6
points out of 15 of MoCA-MIS per year), and another
group named Slow Progressors, with slower memory
decay (around 0.22 points on MoCA-MIS per year).
The two groups showed a similar behavior when mea-
suring total MoCA scores (around 2 and 1.4 points
loss in total MoCA per year, respectively) (Table 2
and Fig. 2).

In addition, Fast Progressors showed better base-
line cognitive status than Slow Progressors. Besides
these cognitive baseline differences there were no
evident difference in age, sex, or education between
these two groups. Interestingly, Fast Progressors
had higher prevalence of depression, better overall
functioning and were taking less anti-dementia med-
ications than Slow Progressors (Table 3).

Interestingly, in the group of Fast Progressors we
found that the presence of a history of Cancer was
associated with a slower decline of their memory
and global cognition, as measured by the scores.in
MoCA-MIS and total MoCA (Table 2 and Fig. 2).
The contribution of different types of Cancer (Skin
or Non-Skin) seems to contribute similarly but given
the small number of patients with.Skin Cancef, this
was not a conclusive result.

Different trajectories of cognitive decline in
patients with amnestic.cognitivesimpairment

One explanationufor the two different trajecto-
ries (Fast and’ Slow subgroups) described in this
study might be. due to their different underlying
neuropathological mechanisms. The existence of dif-
ferent subtypes of AD has been proposed based on
neuropathology and imaging studies, describing four
subtypes of AD: typical, limbic predominant, mini-
mal atrophy, and hippocampal sparing AD (the latter
mostly related to atypical AD, such as posterior corti-
cal atrophy, logopenic progressive aphasia, or frontal
AD). Of these subtypes, the hippocampal-sparing
group has the fastest cognitive decline while the
typical AD and limbic predominant forms are the
slowest ones [35]. The selection of patients in our
study excluded patients with non-amnestic cognitive
impairment (Fig. 1), therefore hippocampal sparing
and atypical forms of AD were not included in this

study and could not account for the Faster decline in
the Fast Progression subgroup. Besides, our groups
did not differ in cardiovascular comorbidities (HBP,
DM2, and hypercholesterolemia) hindering a role of
vascular neuropathology in these differences. So, it
is possible that these findings are due to other subtle
neuropathological characteristics like those found by
Wingo et al. (2019), that correlated a faster cognitive
decline with increased expression of inflammation,
myelination and apoptotic proteins’and. decreased
expression of mitochondrial and synaptic proteins
[49].

An alternative interpretation of our results is that
Fast and Slow Progressors'groups,.could represent dif-
ferent moments in the illness history. Herein, Fast
Progressors would.represent.an initial stage of the
illness and Slow Progressors a later one, explain-
ing why Slow Progressors had lower baseline scores
and smaller slopes, in addition to their greater clini-
cal severity.(in terms of CDR, CDR-SOB, and ADS§
scores) and more use of combined anti-dementia
medications. Moreover, Fast Progressors had signifi-
cantly more depressive symptoms at study entry than
the Slow progression group (Table 3). This finding
is interesting, since it has been suggested that a first
depressive episode in older adults without a history
of mood disorders could be an early sentinel event
of cognitive decline [50], which might be explained
by the important role of the hippocampus not only in
memory but also in mood and stress related functions
[51].

However, for this last interpretation, one would
also expect that Slow Progressors were also older and
lived shorter, but our groups did not show any differ-
ences in age nor mortality rates (Fig. 3). On the other
hand, age has been associated in several studies with
Slower cognitive decline [33, 34], which we could
not replicate in this study.

Cancer effect on cognition

Patients with non-central nervous system Cancers
usually report impairments of short-term and work-
ing memory, attention, executive functions and/or
processing speed after chemotherapy; however, it
remains unclear whether the cognitive deficits are due
to the biological effects of the treatment, the Cancer
itself and/or stress-related psychological factors [52].
In the cohort of non-demented individuals of Ospina-
Romero et al. (2019), a new Cancer diagnosis was
associated with a short-term decline, but the rate of
cognitive decline recovered after diagnosis and in all
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was Slower in individuals with Cancer compared to
those without [32].

In this work, the presence of a history of Can-
cer was associated with a slower decline of memory
and global cognition in the group of Fast Progressors
(Table 2 and Fig. 2). This was also suggested when
separating the type of Cancer in Skin and Non-Skin
Cancer, although the number of patients in the groups
was too small to be conclusive (Table 4 and Fig. 2D).
The absence of the protective effect of Cancer in the
Slow Progression group could be due to the fact that
the slope is already too low to detect a change. It also
suggests that the major effect of Cancer might be on
the memory domain.

As mentioned above, it is known that treatments
for malignancies affect cognition; however, the Can-
cers in this study were diagnosed a mean of 6.8 years
before the diagnosis of cognitive impairment, there-
fore the types of treatment for cancer would not have
had a relevant effect on the cognitive performance
during the study.

Even though this is an observational study sub-
ject to many threats to causality, we provide results
that make a spurious correlation less likely, such as
an analysis between high and low mortality types-of
Cancer (e.g., Skin versus Non-Skin Cancer) and a
sensitivity analysis to hidden bias. Even though these:
robustness checks do not eliminate all possible unob-
served confounders, they do provide aspecific bound
for the magnitude of confounding«This, means that
any potential confounder should be, sizable enough
and, most likely, more evident in order to‘explain our
findings.

Possible survival bidases

The results obtained were not likely explained by
early mortality of the individuals since no differences
were found in survival analysis for Cancer versus
Non-Canger and Fast versus Slow Progression groups
(Fig. 3), norwhen the sample was divided by sex, con-
sidering that women could survive longer than men
(Supplementary Figure 1).

Another argument in favor of the absence of sur-
vival bias is the cancer profile of our subjects. As
stated above, we present a high proportion of low
mortality Cancers (skin and prostate Cancers), and
other more aggressive Cancers do not differ sig-
nificantly from the general population (except for
the absence of lung Cancer in our study) (Supple-
mentary Table 1). Furthermore, the analysis of the
Skin Cancer group, which is generally not lethal,

also shows a slower cognitive decline (Table 4 and
Fig. 2D).

However, considering that older adults are more
exposed to severe neoplastic diseases and that this
segment will never be evaluated in this kind of studies
for early mortality, there is still room for mortality
bias in the inverse relationship between the severity
of the neoplastic phenomenon and amnestic cognitive
impairment.

Relationships between cancer biology.and
amnestic cognitive impairment

Although in this work we'support the idea that there
is a possible causality in the temporal, biological, and
statistical association of Cancer history and the rate of
amnesic deterioration in Fast Progressors, it remains
a complex causaliinference. Both cancer and AD are
polygenie'disorders:and have important environmen-
tal variables<n their development, which makes the
specificity of the results difficult.

In this study, we support the hypothesis that Can-
cer and' AD are inversely associated, with Cancer
having a protective effect on cognition. We and oth-
ersthave proposed that Cancer and AD may share
common biological mechanisms inversely deregu-
lated in opposite directions; Cancer is characterized
by cell proliferation whereas AD is distinguished
by neuronal loss [24-27]. The fact that this inverse
association is observed between a neurodegenerative
disease and cancers of almost all types suggests there
might be some sort of communication between can-
cer cells and the neurodegenerative process in the
brain. An immune factor might be a good candidate.
We have proposed that individuals who survived can-
cer are left with an immune system of diminished
tolerance or a beneficial proinflammatory systemic
milieu that grants them protection from developing
AD [53]. Accordingly, we have reported that lympho-
cytes of patients with AD have a higher susceptibility
to oxidative death and those of patients with a his-
tory of cancer are more resistant to this treatment.
Moreover, we showed that this HyO»-induced death
of lymphocytes was dependent on p53. Interestingly,
we found that lymphocytes from patients with a his-
tory of cancer that later developed AD—as the cancer
group in this study—had a susceptibility to cell death
similar to patients with a history of cancer with-
out cognitive impairment, which was protected by
53 inhibition, suggesting that Cancer might leave a
trace that protects from AD [54-56]. Hippocampal
regions in the brain could be specifically sensitive to
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this pathogenic effect due to its important plasticity
and regeneration capacity [51]. In sum, the results of
this study suggest that the protection given by Cancer
could apply not only to decrease the chance of devel-
oping AD, but also to Slow down the progression of
the disease when cognitive deterioration is already
present.

To our understanding, this is the first article show-
ing Cancer as a modifying factor in the rate of
cognitive decline in amnestic cognitively impaired
patients. Also, based on our novel statistical analyzes,
we added a finer clinical description of the group of
patients presenting this effect of Cancer, which gives
rise to a more specific study of the underlying neu-
ropathology in these subjects. Finally, understanding
the neurobiology of the interaction between Can-
cer and AD might lead to the development of more
adequate treatments for these two diseases of older
adults.

Limitations

The main limitations of this study are the small
number of subjects and the retrospective methodol-
ogy based on clinical records and patient interviews,
which could have biases in data collection or memory
of the subjects’ informant. Therefore, it is desirable
to support the results of this study in a prospective
study with a greater number of subjects.

Another limitation of this study‘is the high= and
middle-income socioeconomic status.of oursubjects
and thus the relatively high educational training pre-
sented in our sample, which is not veryrepresentative
of the Chilean population where MoCA scales were
validated. However, thispitfall gives more homo-
geneity and comparability to the sample for further
interpretation of results.

In addition, it\is not/clear whether there is a linear
relationship between the severity of the neoplastic
phenomenon and its impact on amnestic cognitive
impairment, possibly due to the poor survival of the
elderly with severe Cancers. So, even though we tried
to rule out survival biases, it cannot conclusively be
excluded as the explanation of an inverse association
between AD and Cancer.

Finally, a last limitation of the study is the lack of
biomarkers for the diagnosis of amnestic cognitive
impairment as a complementary measure of the speed
of cognitive decline. Although an attempt was made
to relate family history of AD and family history of
Cancer with Cancer, no significant association was
obtained.

CONCLUSION

In summary, we identified two different types of
memory decline, a Fast and a Slow one, in an amnestic
cognitively impaired cohort of patients, that could be
derived from different underlying neuropathological
mechanisms or different clinical stages. Interestingly,
in the subgroup of Fast Progressors the presence of a
history of Cancer was associated with a,slowdown in
the rate of progression of memory decline, supporting
the hypothesis of an inverse biological association
between AD and Cancer.
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