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Abstract

Introduction: Studies on the association of cancer and risk of dementia are inconclu-
sive due to result heterogeneity and concerns of survivor bias and unmeasured con-
founding.

Methods: This study uses data from the Memento cohort, a French multicenter cohort
following persons with either mild or isolated cognitive complaints for a median of
5 years. lliness-death models (IDMs) were used to estimate transition-specific haz-
ard ratios (HRs) and 95% confidence intervals (Cls) for incident cancer in relation to
dementia from time since study entry.

Results: The analytical sample (N = 2258) excluded 65 individuals without follow-up
information. At the end of follow-up, 286 individuals were diagnosed with dementia,
166 with incident cancer, and 95 died. Incident cancer was associated with a reduced
risk of dementia (HR =0.58, 95% Cl = 0.35-0.97), with a corresponding E-value of 2.84
(lower Cl = 1.21).

Discussion: This study supports a protective relationship between incident cancer
and dementia, encouraging further investigations to understand potential underlying
mechanisms.

KEYWORDS
Alzheimer’s disease, cancer, dementia, epidemiology, iliness-death model, selection bias

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2021 The Authors. Alzheimer’s & Dementia published by Wiley Periodicals, LLC on behalf of Alzheimer’s Association

Alzheimer’s Dement. 2021;17:1415-1421.

wileyonlinelibrary.com/journal/alz 1415


https://orcid.org/0000-0002-9515-1076
mailto:jonviea.chamberlain@u-bordeaux.fr
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://wileyonlinelibrary.com/journal/alz

s | Alzheimer’s &Dementia’

CHAMBERLAIN ET AL.

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

1 | BACKGROUND

Cancer has been identified by several epidemiological studies to be
protective against dementia, particularly of Alzheimer’s disease (AD)
type.1 3 In a large prospective community cohort study, Driver et al.
estimated that incident cancer was associated with an ~30% reduction
in risk of AD dementia.® Similarly, a U.K.-based prospective cohort esti-
mated that cancer not only reduced the risk of any AD-related demen-
tia, but also reduced future cancer risk by up to 70%.# However, results
are not always consistent across literature.>~ For example, although a
recent nationwide Danish cohort study also showed cancer to be ini-
tially protective against AD, the strength of this effect diminished over
time. 2 Such results could suggest an effect of surveillance bias due to
interval censoring of dementia, the impact of competing risks of death,
or potentially differential misclassification.

Arguments against an apparent protective effect have been dis-
cussed in previous literature.” Individuals with cancer may be less
likely to survive long enough to develop dementia—or those that do
survive may have more favorable characteristics that are protective
against dementia, all of which could result in a protective effect due
to selection (survivor bias). In addition, individuals with cancer may be
less likely to be screened for dementia potentially due to suspicions
of cognitive deficits resulting from “chemo brain” rather than demen-
tia (surveillance bias). Alternatively, individuals with dementia may be
less likely to be diagnosed with cancer due to a reduced likelihood for
medical practitioners to screen for cancer, thereby potentially leading
to erroneous conclusions. Finally, potential unmeasured confounders
associated with treatment effects- whereas treatment for one disease
may influence risk for the other disease—have also been proposed as a
driver for the observed protective effects.?

Statistical methodology exists to tackle many of the potential
biases, although most previous research has been limited, for exam-
ple, to the use of standard survival models, which ignores the poten-
tial role of competing events, or to simulation studies.'® lllness-
death models (IDMs), similar to competing risk analyses, can help to
account for survivor bias by accurately considering differential mortal-
ity while concurrently modeling risk of disease progression (ie, com-
peting risks). This study investigates the effect of incident cancer on
dementia risk in a large clinical cohort of persons with either mild
cognitive impairment (MCI) or isolated cognitive complaints, with the
hypothesis that processes related to cancer and dementia are inversely

related.

2 | METHODS

2.1 | Memento cohort

The Memento cohort is a French, multicenter cohort that aims to
contribute to improving current knowledge on the natural history
of Alzheimer’s disease and related disorders (ADRD), and to identify
new patient phenotypes associated with risk of developing dementia.

Included in the Memento cohort are patients from the 26 participating

RESEARCH IN CONTEXT

1. Systematic review: Relevant background literature was
identified through PubMed using multiple search termi-
nologies; published research was also screened for rele-
vant citations. Overall, previous research suggests a pro-
tective effect of incident cancer on risk of dementia, albeit
results are inconclusive regarding whether the observed
effect is aresult of bias.

2. Interpretation: Incident cancer was associated with an
~50% reductioninthe risk of dementiain alarge cohort of
participants with either mild cognitive impairment (MCI)
or isolated cognitive impairment at study entry. Imple-
mentation of alternative statistical models aimed at tar-
geting biases had little or no impact on effect estimates.

3. Future directions: The results from this large clinical
study support previous evidence that has found cancer
to be associated with a reduction in the risk of dementia.
Research investigating changes in brain endophenotypes
could aid in clarifying underlying mechanisms of this asso-
ciation and offer new perspectives into dementia preven-

tion.

memory clinics across France between 2011 and 2014. Upon inclusion
in the Memento cohort, participants were followed at least annually
for a median of 5 years.!! Individuals were eligible for inclusion if they
(1) were 18 years or older; presented with at least one cognitive deficit
defined as performing worse than 1 SD to the mean in one or more cog-
nitive domains (considered as MCI), or (2) presented with an isolated
cognitive complaint and were 60 years of age or older. They also had to
score at clinical dementia rating (CDR) scale <0.5 (ie, not demented);
have sufficient visual and auditory abilities to partake in neuropsycho-
logical testing; and have health insurance, as required by the French
government (France has universal access to health care for all legal
residents, independent of age, professional standing, or revenue).'2 All
participants signed an informed consent form.

2.2 | Cancer identification

Malignant cases of prevalent and incident cancer were identified from
aquestionnaire on antecedent medical or surgical events and reported
adverse events during the follow-up period administered by medi-
cal doctors, nurses, or neuropsychologists. All medical events were
coded using the Medical Dictionary for Regulatory Activities (MedRA)
terms (https://www.meddra.org/). Cancer cases were identified using
the MedRA term Neoplasms benign, malignant, and unspecified (incl. cysts
and polyps) at the “system organ class” level. Non-malignant cancer
cases were then identified using “Preferred Terms” and subsequently
excluded from all analyses. Participants without recorded information
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related to antecedent cancer diagnosis or related therapeutic interven-
tion were assumed to be cancer-free. To avoid potential survivor bias
associated with prevalent cancer cases, this study restricted to incident
cancer cases only.

2.3 | Outcome evaluation

Participants’ dementia status during follow-up was assessed by neu-
rologists according to the Diagnostic and Statistical Manual of Men-
tal Disorders, Fourth Revision (DSM-IV) criteria. Following initial diag-
nosis, case files were provided to members of an independent com-
mittee composed of expert neurologists/geriatricians that reviewed
available data individually; if consensus was reached, the individual’s
dementia status in question was confirmed. Dementia possible etiol-
ogy was also ascertained using criteria put forth by National Insti-
tute of Neurological and Communicative Disorders and Stroke and
the Alzheimer’s Disease and Related Disorders Association (NINCDS-
ADRDA) for AD dementia.'® Individuals wrongly included with preva-

lent dementia were excluded from all analyses (N = 14).

24 | Statistical analyses
Descriptive statistics were stratified based on dementia status at the
end of the follow-up period.

An IDM (multi-state model, MSM) was estimated using the mstate
package in R.2* Individuals’ transition intensities between states (non-
demented, AD dementia, death) were modeled using a clock-forward
(ie, continuous time) approach, for which time-at-risk started with date
of study entry and ended with either date of dementia diagnosis, date
of death, or study exit. Individuals were recorded as dead (yes/no)
if death occurred or were censored at last known date of contact.
Incident cancer was included as a time-invariant covariate, such that
cancer status did not change during follow-up. Estimated transition-
specific hazard ratios (HRs) and 95% confidence intervals (Cls) repre-
sent the ratio of the instantaneous risk of moving from one state to
another, for example, individuals diagnosed with incident cancer with
reference to those without.

Potential confounders were identified using directed acyclic graphs
(DAGs) displayed in Figure S1. An initial model (Model 1) included
sociodemographic factors (1) age at study entry (centered), sex (ref-
erence: males), and education level (reference: Highschool degree or
lower), as well as the dementia-specific risk factor (2) apolipopro-
tein E (APOE) genotype (none [reference] vs. at least one ¢4 allele).
In a second step (Model 2), body mass index (BMI) and smoking sta-
tus (never smoker [reference], previous smoker, and current smoker)
were included in the model given the established impact on cancer and
particularly cancer-related mortality.!>1¢ Interactions between can-
cer and other covariates were assessed using a likelihood ratio test
(P<0.05).

To determine the potential differential effect of cancer on demen-
tia type, two definitions of the outcome were compared: (1) all demen-
tia regardless of etiology (dementia); and (2) AD dementia including
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dementias of mixed etiology (AD dementia). To note, an individual diag-
nosed with a dementia of mixed etiology is diagnosed with both AD
dementia in addition to, for example, vascular dementia. To assess the
robustness of results in the potential presence of bias, two alternate
modeling approaches were used: (1) a traditional Cox proportional haz-
ards model including incident cancer as a time-invariant covariate, as
well as (2) a Cox proportional hazards model including incident cancer
as a time-varying covariate. 1718 Creation of a time-varying covariate
was done by splitting follow-up time into separate risk sets (ie, pre-
and post-incident cancer diagnosis); partitioning follow-up time into
stratified risk sets can aid in controlling for surveillance bias. For these
models, time-at-risk started with time at study entry and ended with
dementia diagnosis, death, or study completion; whichever came first.
The proportional hazards assumption was assessed for all models.1?

To determine the strength of results in the presence of unmea-
sured confounders, E-values were calculated using the EValue package
in R.20.21 Briefly, an E-value provides an estimate of the required effect
size needed for an unmeasured confounder, or set of confounders, to
explain away an observed association. For example, an E-value of 3.0
with an associated lower limit of the confidence interval (LCI) of 2.1
would mean that an unmeasured confounder with an effect size of 3.0
(LCI = 2.1)—in association with both the exposure and the outcome—
could render the observed effect estimate of a study null. This implies
that for higher E-values, a strong unmeasured confounder would be
required to explain away study effect estimates, whereas low E-values
suggest that study results are likely not robust and thus susceptible to
unmeasured confounding.

All statistical analyses were performed using R statistical software,
version 3.5.3 (https://www.R-project.org/).

3 | RESULTS

The original Memento cohort included 2323 participants. Following
the exclusion of participants with no follow-up data (N = 51) and with
prevalent dementia (N = 14), the analytical sample included 2258 par-
ticipants with 9738.8 person-years of follow-up time. During follow-
up (median = 5.0 years), the incidence rate for dementia diagnosis
was 29.4 per 1000 person-years (N = 286) and 16.9 per 1000 person-
years (N = 166) for development of malignant cancer. Malignant cancer
occurred prior to dementia in 61% (N = 11) of incident cancer cases.
The mortality rate during follow-up was 9.8 per 1000 person-years
(N =95). Table 1 presents baseline characteristics of the analytical sam-
ple stratified by incident cancer status. Overall, the average age was
72.8 years at study entry, more than 60% of the sample (N = 1399) was
female, roughly two-thirds (N = 1709) had a degree beyond high school
(e.g., Bachelor’s degree or higher), and nearly 30% had at least one ¢4
allele of the APOE genotype (N = 636). Most cancers were classified as
either “Other” (52.7%) or skin cancer (10.9%).

Incident cancer was associated with a roughly 42% reduction in
risk of dementia (HR) = 0.58, 95% Cl) = 0.35-0.97), whereas for AD
dementia it was associated with a 55% reduction in risk (HR = 0.45,
95% Cl = 0.24-0.85) (Figure 1). Results from multistate models using
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TABLE 1 Study characteristics of analytical sample stratified by
incident cancer status. The Memento cohort 2011-2019

Incident cancer status
No cancer Cancer

Characteristic [Missing] (N =2093) (N = 165)
Age at entry, mean (SD) 70.9 (8.8) 72.6(7.9)
Body mass index (BMI), mean (SD) 25.6 (4.4) 25.6 (4.4)
Age at entry [0]; n (%)

60 and younger 226(10.8) 9(5.5)

61-70 662 (31.6) 50(30.3)

71-80 910(43.5) 78(47.3)

80+ 295(14.1) 28(17.0)
Sex, female [0]; n (%)

Male 779(37.2) 80(48.5)

Female 1314 (62.8) 85(51.5)
Education level [2]; n (%)

High school diploma or lower 511(24.4) 36(21.8)

Professional or technical degree 763(36.5) 60(36.4)

Bachelor’s degree or higher 817(39.1) 69 (41.8)
Smoking status [13]; n (%)

Never 1228(59.0) 84(50.9)

Previous smoker 705 (33.9) 66 (40.0)

Current smoker 147 (7.1) 15(9.1)
Incident cancer, Yes [0]; n (%)

Breast cancer - 16 (9.7)

Colon cancer - 3(1.8)

Leukemia - 6(3.6)

Lung cancer - 4(2.4)

Lymphomas - 3(1.8)

Prostate cancer - 15(9.1)

Skin cancer - 18 (10.9)

Thyroid cancer - 13(7.9)

Other cancer - 87(52.7)
At least one APOE &4 allele [118]; n (%) 496 (26.5) 140(51.9)

No &4 alleles 1396 (70.4) 108 (68.8)

At least one ¢4 allele 587 (29.6) 49(31.2)
Dementia status (at end of follow-up)

No dementia 1825 (87.2) 147 (89.1)

Dementia 268(12.8) 18(10.9)

alternative definitions of the outcome are presented in Figure 1. In
comparison to the less-restrictive outcome definition including all
cases of dementia regardless of etiology, the effect of incident can-
cer on the transition intensity to AD dementia was increasingly pro-
tective (Figure 1). In comparison to Model 1, additionally adjusting for
smoking status and BMI had no meaningful impact on estimated tran-
sition intensities (Figure 1). There was no evidence for an interaction

between cancer and other covariates, notably with APOE ¢4 allele car-
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FIGURE 1 Multi-state results: Hazard ratios (HRs) and 95%
confidence intervals (Cls) of incident cancer on the transition to
dementia using alternative outcome definitions. The solid line depicts
estimated coefficients adjusted for: Age at study entry, sex, education
level, and apolipoprotein E (APOE) genotype (Model 1). The dashed
line depicts estimated coefficients adjusted for: Age at study entry,
sex, education level, APOE genotype, smoking status, and body mass
index (BMI) (Model 2)

riers (P=0.09). The estimated E-values were 2.84 (LCl = 1.21) and 3.87
(LCI = 1.63) for dementia and AD dementia, respectively. Incident can-
cer was associated with an elevated transition intensity from healthy
to death (HR = 3.23, 95% Cl = 1.85-5.62), with a similarly elevated risk
from dementia to death, albeit not significant (HR = 2.75; 95% Cl = 0.79-
9.50) (Table S1).

In the sensitivity analyses using the traditional survival analysis, the
intensity of the protective effect of incident cancer on AD dementia
remained unchanged (HR = 0.45, 95% Cl = 0.24-0.85). When includ-
ing cancer as a time-varying covariate, the effect size remained con-
stant, but was no longer significant (HR = 0.45, 95% CI = 0.18-1.11)
(Table S2).

4 | DISCUSSION
41 | Summary of results

Incident cancer was associated with an ~50% reduction in the risk

of dementia in a large cohort of participants with either MCI or
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isolated cognitive impairment at study entry. This reduction in risk was
observed regardless of the outcome definition (ie, all dementias or only
AD dementia). These results remained generally unchanged even when
using alternative statistical models.

4.2 | Comparison with previous literature

This observed protective effect of cancer against dementiais largely in
line with previous research.1410-2223 For example, a recent prospec-
tive cohort study found that individuals diagnosed with cancer during
follow-up had a 3-fold reduction in risk of AD.* Recent meta-analyses
similarly reflect a protective effect in extant literature, estimating an
overall pooled effect size associated with a 15% to 37% decrease in
risk of AD.2%25 |n contrast, a study on community-dwelling persons
between 1992 and 2008 found that although individuals diagnosed
with incident cancer were initially estimated to have up to a 35%
reduction in dementia risk, when including cancer as a time-updated
variable effect estimates were attenuated and no longer indicative of
a protective effect in younger ages.” However, these discrepancies
could be partly attributable to induced immortal time bias, given that
the analyses including cancer as a time-dependent covariate included
prevalent cases of cancer pre-1992, but incident AD dementia cases
were restricted to only those that occurred after 1994.52¢ Variation
in follow-up time may also affect risk estimates, as the protective
effect of cancer on dementia risk may be influential for only a lim-
ited period post-cancer diagnosis.2® Supporting this, in the study by
Ording et al., cancer was found to be protective against AD only up
to 10 years after diagnosis.2 A limited time-window for reduction in
risk may also explain why incident cancer has more often been found
to be protective against dementia, but not prevalent cancer.®” Finally,
results in the present study are consistent with previous research that
found a stronger effect of cancer on reducing the risk of AD demen-
tia etiology. For example, a recent prospective cohort study found evi-
dence for a protective effect of cancer on AD, but not on vascular
dementia.* Unfortunately, given the limited number of non-AD cases,
further investigation into the role of dementia etiologies was not plau-
sible in the current study.

Implementation of alternative statistical models aimed at target-
ing biases had little or no impact on effect estimates in this study. In
addition, the estimated E-values of 2.8 and 3.9 (models considering
dementia and AD dementia, respectively) demonstrate that results are
reasonably robust and that a relatively strong confounder would be
required to nullify the present results. For the sake of comparison, the
estimated E-value for APOE—the covariate with the strongest associ-
ation with risk of dementia (HR = 2.87, 95% Cl = 2.26-3.65) in the
present analysis—was 3.53 (LCI = 2.9) (results not shown). A poten-
tial unmeasured confounder not considered may be cancer treatment
insomuch that cancer treatment is associated with a cancer diagno-
sis, but also may engender temporary effects on cognition, such as
“chemobrain.”?” In addition, cancer-related changes in cognition may
be influenced by cognitive resilience, insomuch as an individual’s psy-

chological and biological capacity to handle stress may contribute to
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cognitive deficits or even cognitive improvements post-diagnosis.22?
However, a recent population-based study by Ospina-Romero et al.
found that overall cancer treatment did not impact cognitive trajec-
tories among patients with cancer.?? Adding to this, results from a
recent study that investigated the evidence for a causal association
between cancer and AD using Mendelian randomization techniques
found that genetically predicted cancer was associated with a reduced
likelihood of AD dementia.?! Taken together, these results contribute
to evidence for a true protective effect of cancer on reducing the risk of
dementia. However, although it appears likely that cancer reduces the
risk of dementia, understanding how or what pathways contribute to
this putative effect remain in question and likely contribute to contin-
ued skepticism.?28:31-33 Research investigating potential mechanisms
contributing to the observed effect of cancer on dementia, but also
the potential role of resilience and cancer treatment is thus needed.
To this effect, research on the impact of cancer on changes to brain
endophenotypes could aid in clarifying disease mechanisms by deter-
mining whether cancer acts on dementiarisk through limiting neurode-

generation.

4.3 | Strengths and limitations

This study uses data collected in a large clinic-based cohort study.
Although this study design may limit generalizability to the general
population and contribute to differing results in comparison with other
population-based cohort studies, it ensures a well-phenotyped, accu-
rate characterization of individuals’ dementia status and an adequately
powered sample to investigate the topic in question. However, data
available on cancer status were based on self-reported information.
Although efforts were undertaken by study personnel to verify the
accuracy of all reported adverse events during follow-up, inaccurate
recall could be possible. Furthermore, the present study employed
multiple alternative statistical methodologies to account for several
potential biases that reinforced the robustness of the finding. Like-
wise, the relative uniformity of results regardless of the statistical
model implemented suggest the limited role of survivor and surveil-
lance bias in the present sample. Moreover, participants included in the
Memento cohort enter the study with a cognitive complaint. Because
older individuals presenting with cognitive complaints are less likely
to be screened for cancer in the primary care setting,®* this restric-
tion may aid in limiting the effects of surveillance bias given that all
study participants are equally susceptible to a reduced likelihood of
cancer screening or referral. However, our data are not in favor of such
a bias as we did not find an association between self-reported cogni-
tive complaints level at baseline (estimated using a 1-10 Likert scale)
and likelihood of incident cancer during follow-up (results not shown).
Because a general population (GP)-based cohort necessarily includes
a mix of individuals with cognitive complaints (but without demen-
tia diagnosis) and individuals without cognitive complaints, there is
potentially a greater risk for systematic differences in cancer screen-
ing (ie, differential misclassification). Although this could engender

nondifferential misclassification, the observed results would rather be
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attenuated toward the null.3> Finally, the Memento cohort collects
extensive information on behavioral, genetic, and sociodemographic
risk factors, which allowed for the adjustment for potential con-
founders identified in the DAG.

Some limitations exist, most notable being the limited number of
cancer cases, particularly of those diagnosed with both incident cancer
and dementia (6.3%). Although this is indicative of the protective role
that cancer appears to play in dementia risk, it impeded further inves-
tigations into the potential differential impact of specific cancer types
on risk as well as a more sophisticate multi-state model (ie, including
incident cancer diagnosis as a separate state).822:35.3¢ |nformation on
cancer stage was also not available; due to the influence of cancer stage
on reductions in survival, stratification by cancer stage could have per-
mitted a further in-depth investigation into survival bias. However, in
a national cohort study on US veterans, adjustment for cancer severity
was not found to impact results in previous studies.® Adding to this, due
to the limited cases, it was not possible to stratify analyses by cancer
type. Therefore, it was not possible to investigate potential differential
effects on dementia risk according to cancer type. To this effect, previ-
ous research has found that the protective effect of cancer on demen-
tia risk may be limited to certain types of cancer, notably head and neck
cancers.22335 Finally, due to the limited amount of follow-up time, it
was not possible to investigate the duration of protective effect of can-

cer on dementia risk.

5 | CONCLUSION

The results from this large clinical study support previous evidence
that has found cancer to be associated with a reduction in the risk of
dementia.2® Future research that investigates the mechanistic under-
pinnings driving this relationship are needed to improve the under-
standing of the mechanistic behind this putative relationship. Epidemi-
ological research aimed at investigating changes in brain endopheno-
types could aid in this endeavor. In addition, investigations into the
potential mediating role of cancer treatment could help delineate fur-
ther the relationship between incident cancer and dementia risk. Given
the pressing need for therapeutic options to reduce or even prevent
neurocognitive decline, 37 such research could provide insights into the
potential of using cancer-related therapies in dementia treatment.®?
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