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ORIGINAL ARTICLE

Towards a Clearer Causal Question Underlying the
Association Between Cancer and Dementia

L. Paloma Rojas-Saunero,*® Kimberly D. van der Willik,* Sanne B. Schagen,** M. Arfan Ikram,* and
Sonja A. Swanson*¢

Background: Several observational studies have described an
inverse association between cancer diagnosis and subsequent demen-
tia risk. Multiple biologic mechanisms and potential biases have been
proposed in attempts to explain this association. One proposed expla-
nation is the opposite expression of Pinl in cancer and dementia,
and we use this explanation and potential drug target to illustrate
the required assumptions and potential sources of bias for inferring
an effect of Pinl on dementia risk from analyses measuring cancer
diagnosis as a proxy for Pinl expression.

Methods: We used data from the Rotterdam Study, a population-
based cohort. We estimate the association between cancer diagno-
sis (as a proxy for Pinl) and subsequent dementia diagnosis using
two different proxy methods and with confounding and censoring for
death addressed with inverse probability weights. We estimate and
compare the complements of a weighted Kaplan—Meier survival esti-
mator at 20 years of follow-up.

Results: Out of 3634 participants, 899 (25%) were diagnosed with
cancer, of whom 53 (6%) had dementia, and 567 (63%) died. Among
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those without cancer, 15% (411) were diagnosed with dementia, and
667 (24%) died over follow-up. Depending on the confounding and
selection bias control, and the way in which cancer was used as a
time-varying proxy exposure, the risk ratio for dementia diagnosis
ranged from 0.71 (95% confidence interval [CI] = 0.49, 0.95) to 1.1
(95% CI=0.79, 1.3).

Conclusion: Being explicit about the underlying mechanism of
interest is key to maximizing what we can learn from this cancer-
dementia association given available or readily collected data, and to
defining, detecting, and preventing potential biases.

Keywords: Cancer; Competing events; Dementia; Immortal time bias

(Epidemiology 2024;35: 281-288)

A supplemental digital video is available at http://links.lww.com/
EDE/C138

Many observational studies have consistently found that
individuals with cancer have a lower risk of developing
dementia when compared with individuals with no history of
cancer.'* One of the first observations of this inverse associa-
tion included residents of Hiroshima and Nagasaki when they
were over 60 years old (1992-1996),° a finding replicated in
many other studies following similar analytic techniques.®'*
This body of research has motivated substantial conjectures
and research toward biologic mechanisms, including molecu-
lar and genetic pathways that may explain this association, and
has resulted in discussions of repurposing or augmenting cur-
rent cancer treatments for dementia. In turn, researchers have
also raised concerns related to the competing event of death,
unmeasured confounding, and ascertainment error that could
explain the repeatedly observed cancer-dementia inverse asso-
ciation.!®!> However, understanding these or other potential
sources of bias first requires making explicit a causal question.

Though not explicitly rendered, the body of research
on biologic mechanisms that might explain this association is
implicitly interpreting cancer status as a proxy for the unmea-
sured (nonexistent) treatment or unmeasured mechanism
behind it. So far, the strongest arguments to conceptualize
potential targets for treatment rely on more recent lab-based
studies that outline novel mechanistic pathways. One of these
is related to the protein Pinl, which is involved in different
processes during the cell cycle, such as cell proliferation
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and apoptosis. It works as a molecular timer that activates or
inactivates different pathways, like a switch.!>131¢17 In cancer,
Pinl is overstimulated and increases cell proliferation, angio-
genesis, migration and invasion, and inhibits apoptosis of
tumor cells in several ways. Conversely, Pinl is inhibited in
Alzheimer's disease (AD), and previous studies have shown
that Pinl knockout mice developed a syndrome similar to AD
characterized by hyper-phosphorylated tau and neurodegener-
ation.'® Recent observational studies have speculated that Pinl
overexpression explains the inverse association between can-
cer diagnosis and dementia, though again Pinl was not explic-
itly part of each study’s stated research question.!*2
Therefore, if we—hypothetically speaking—1 day could
develop a drug that increases Pinl expression specifically in
brain tissue in hopes of preventing dementia, we could pose
the question: What is the effect of this Pinl-targeting drug on
the risk of dementia over time compared with standard treat-
ments? Since the research community is interested in learning
about this effect using current real-world data, we discuss the
challenges that arise from leveraging assumptions on proxy
variables that are measured, such as cancer diagnosis. We dis-
cuss key issues that have been raised in the literature on this
topic and illustrate how these translate into different analytic
decisions using data collected from the Rotterdam Study, a
population-based cohort study. We emphasize that enumer-
ating an explicit causal question is one step toward tying a
research study to a question that is relevant to decision-
making,?’?® especially since these results are motivating
discussions of repurposing or augmenting current cancer treat-
ments for dementia prevention.!* In the discussion we return
to how our approach is guided by, yet departs from, some
commonly accepted best practices in causal inference.?-*

METHODS

Research Question

If this hypothetical Pinl-targeting drug was developed,
the best way to understand its effect on dementia risk would
be to have a well-conducted randomized trial. If this drug was
intended for prevention, the target population could be defined
as individuals in late midlife (e.g., ages 50-60 years) with-
out a history of cancer and free of cognitive decline at base-
line. Participants would have their Pinl-brain-specific plasma
biomarker measured at baseline and be randomly assigned
to either receive this drug or not. All participants would be
closely monitored for dementia onset over a lengthy follow-up.

Methodologic Challenges to Answer This
Question With Current Observational Data

Since this drug is currently nonexistent, at best we
could use observational data on Pinl plasma measurements,
and hypothesize that lower levels would increase the risk of
dementia, while higher levels would reduce this risk. Once
Pinl biomarker tests are approved and available, researchers
can measure this biomarker using stored blood samples from
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participants who meet the same eligibility criteria as for the
ideal trial, recruited for a population-based cohort. However,
Pinl expression is not an available biomarker for population-
based research, which directs us to the use of a proxy
measurement that captures this mechanism. Since several
observational studies have outlined Pinl as a potential mecha-
nism behind the inverse association between cancer diagnosis
and dementia, we argue that cancer diagnosis has been used
implicitly as a proxy for Pinl expression. The underlying
argument is that Pinl is over-expressed in tumors,'>!¢173! and
tumors are only diagnosed through the clinical diagnosis of
cancer. With that reasoning, below we discuss two method-
ological challenges that arise when we make this leap. Going
forward, we only attempt to test the sharp causal null hypoth-
esis that Pinl has no effect on dementia in any individuals.
That is, an (adjusted) association between cancer and demen-
tia in our proposed analyses is at best interpretable as evidence
against a null effect. Though effect estimation may also be
possible, it would take further and unenumerated assumptions
about the relationship between Pinl and cancer diagnosis to
describe how the magnitude of cancer-dementia association
is related to the likely magnitude of a Pinl-dementia effect.

Cancer Operationalization

In the causal diagram®? in Figure 1, we present Pinl
expression as 4; and 4,1, and dementia diagnosis by time
t+k as Y, and L, represents shared causes between the
exposure and the outcome. In this graph R, and R,y repre-
sent cancer diagnosis over time, the measured proxy of 4, and
A1, respectively. Although this means we would measure the
association between cancer diagnosis over time and dementia
in the observed data, we are assuming that the captured effect
is only through the pathway that involves Pinl expression over
time. That is, we only have measurements of R, and a subset
of L, but our question remains focused on the effect of 4, and
Ayq1. We consider Pinl and cancer diagnosis as time-varying
exposures, because unlike measuring Pinl at the same time
for all participants (though this would not necessarily mean
this would be the ideal time to measure it, we discuss this
point further in the Discussion section), cancer diagnosis is
frequently collected during follow-up. Although L; can be
time-varying in nature, we only depict L; at one time point
for readability.

Using incident cancer diagnosis as the proxy for Pinl
adds alayer of complexity. As opposed to the randomized trial
where both treatment and control arm have their “time zero”
aligned—that is, the time when eligibility criteria are met,
“treatment” is assigned, and screening for dementia begins,
in this setting we only have time for follow-up. Previous stud
ies offered contradictory recommendations to operationalize
cancer for this question, given this challenge. For example, a
literature review on this topic recommended excluding prev-
alent cancer cases or analyzing separately prevalent and inci
dent cases because prevalent cases are vulnerable to survival

© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 1. Causal-directed acyclic graph highlighting the
use of incident cancer diagnosis as a proxy for Pin1 expres-
sion. Pin1 at time 7 and 7+ 1 are represented as 4, and 4,4,
respectively; dementia at time ¢ + k is represented as Yi14; L,
represents shared causes of Pin1 and dementia; incident can-
cer diagnosis at time ¢ and 7 + 1 are represented as R; and R;11.
To isolate the effect of 4; and 4,41 on Y4+ we need to block
the backdoor path Y, ;< L — A4, and Y. < Ly — A;11-
Although we represent L; as a single node for readability, L; is
time-varying too.

Ll@
|

bias.* However, a more recent study that studied this associ-
ation in the UK Biobank restricted the analysis specifically
to “prevalent cancer cases” claiming this would prevent sur-
vivor bias.* In the past, studies have defined the exposed
group with cancer as those participants with prevalent or
incident cancer diagnosis (alternatively defined as “ever
cancer”)."” This meant that a participant who had cancer
diagnosis over follow-up contributed all their person-time
to the cancer arm, including the time before the cancer diag-
nosis, which induces immortal time bias.3%3

Being explicit about using cancer as the proxy for Pinl
is helpful because the timing closer to the diagnosis might be
more representative of Pinl overexpression, compared with the
time when cancer treatment could have affected Pinl expression.
Therefore, excluding prevalent cancer cases seems more reason-
able. However, recognizing the time-varying nature of cancer
diagnosis is not free of assumptions.>'>?* In this case we are
implicitly assuming that Pinl would overexpress at the time of
cancer diagnosis and not before, which is biologically implausi-
ble. The time between the first biological changes that eventually
can lead to cancer and cancer manifestation can range between
5 and 40 years.?! Moreover, cancer diagnosis will only be mea-
sured in the subset of participants who are alive over follow-up.
Thus, in Figure 2 we included death before cancer diagnosis as
D,y and an arrow between D;; | and 4,4 such as that 4,1,
is only observed if D, is zero. This can also create immor-
tal time bias, if not addressed correctly, though there are several
analytic strategies to overcome it.*** In addition, we added an
arrow between L; and D, , since covariates such as smoking
may affect Pinl overexpression but also affect the risk of death
due to other causes such as from chronic obstructive pulmonary
disease.

Death as a Competing Event

Furthermore, death plays a major role in this question,
as it acts as a competing event for dementia. We illustrate this
feature in Figure 3, where we exclude the time-varying pro-
cess of cancer diagnosis for better interpretability and focus

© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 2. Causal-directed acyclic graph highlighting the
time-varying nature of cancer diagnosis and immortal time
bias. Pin1 at time 7 and 7+ I are represented as 4, and 4,4,
respectively; dementia at time ¢+ k is represented as Yr+k; L
represents shared causes of Pin1 and dementia; incident can-
cer diagnosis at time ¢ and 7 + 1 are represented as R; and R 1.
D,y represents death at time ¢+ 1, cancer diagnosis at  + 1
can only be measured among those who are alive at # + 1.

\ ﬁ
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FIGURE 3. Causal-directed acyclic graph highlighting death
as a competing event of dementia Pin1 at time ¢ and 7+ 1
are represented as 4; and 4+, respectively; dementia at time
t+k is represented as Y,y; L1 represents shared causes of Pin1
and dementia; incident cancer diagnosis at time ¢ and 7+ 1
are represented as R, and R.y; D1 represents death at time
t+ 1. In this graph we only focus attention to the exposure
as if it was measured for all at time 4,,,. We include D, as
death at time 7 + & since Y;y1 is only observable when partic-
ipants are alive at /+ k. L> represents possible shared causes
of dementia and death (such as cardiovascular comorbidities).
Pin1T may affect the risk of death through cancer diagnosis,
represented as an arrow between R, and Drk. To isolate
the direct effect of 4,41 and Y.+, we have to block the back-
door pathway from Y4 < Ly = Diyp < Ry < 4141 and
Yiok < Digp < Ly — Appr.

Ly

on Pinl (and cancer diagnosis) as it had been measured in all
participants at time # + 1. In this causal diagram we include a
node for death after R,;; has been measured, represented as
D, 1y, which acts as a competing event of Y1 because if a
participant dies by ¢ + & the participant cannot have a demen-
tia diagnosis subsequently. Since D,y and Y1« are events
related to aging and its consequences, L» represent the shared
causes of both events such as cardiovascular conditions. We
also include an arrow between L; and D, following the
argument discussed previously.

In the setting where 4s+1 represents the targeted drug
for Pinl, and if this drug had no systemic side effects such
as that there is no arrow between A,;; and D4, a total
effect would quantify the effect of 4,,, on Y;; that does not
include any pathway mediated through D, ;> However, in
the context of cancer diagnosis as the proxy for Pinl over-
expression, we cannot rule out the effect of cancer on death,
represented as the arrow between R,y and D;14. Since the
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total effect of 4, in Y,y includes the indirect causal path-
way mediated by the effect of cancer diagnosis on mortality,
this may translate into an inverse association®® if we con-
sider the effect of cancer itself, not the treatment after cancer
diagnosis.

To isolate the direct effect of As+11in Y4+« from the effect
mediated by D, we consider a scenario where death could
have been prevented and define death as a censoring event.
This has been the most frequent approach in prior studies
on this association, but there has been some misconceptions
around this term, considering censoring equivalent to ignor-
ing.”> When we define death as a censoring event we rely on
conditional exchangeability for censoring, also defined as
the conditional independent censoring assumption.*3¢ This
assumption requires that we have measured all shared causes
L, to block the pathway Y,y <= Ly = Dk < Riy1 < A
. Several studies have defined death as a censoring event,
although failed to make the independent censoring assump-
tion explicity and did not consider its plausibility.”® Moreover,
adjusting for time-fixed shared causes between dementia and
death may be insufficient to block this pathway, and there-
fore time-varying measurements [, (including cancer itself)
should be considered.

To summarize, spelling out the data generation mech-
anisms to identify the effect of Pinl on dementia risk while
using cancer diagnosis as proxy for Pin 1 how many layers of
assumptions are required to attempt to obtain a valid estimate.
The full graph is observed in Figure 4—we acknowledge that
this is a simplified version since we omitted additional arrows
from L, to R, and R, for brevity, and other sources of mea-
surement error and the time-varying nature of all nodes and
feedback loops between them, which would further compli-
cate interpretability.*?

STUDY POPULATION
We use data collected in the Rotterdam Study, a
population-based prospective cohort study among persons

=

DH—I —_— AH—I DH—K —_— Yi—&-k

l/\—i—f'\/‘

FIGURE 4. Causal-directed acycllc graph depicting muIt|pIe
challenges to using the proxy of cancer diagnosis to study
the effect of Pin1 on risk of dementia. Pin1 at time 7 and ¢ + 1
are represented as 4; and 4., respectively; dementia at time
t+k is represented as Y:y«; L1 represents shared causes of Pin1
and dementia; incident cancer diagnosis at time 7 and 7 + 1 are
represented as R; and R.y1; Diy1 and D,y represents death at
time t+ 1 and ¢+ k; L, represents possible shared causes of
dementia and death. The distinct challenges were highlighted
separately in Figures 1-3.
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living in the Ommoord district in Rotterdam, the
Netherlands. Recruitment and initial assessments were
held between 1990 and 1993, a second wave of recruitment
was held between 2000 and 2001. Participants from the first
subcohort had follow-up visits between 1993 and 1995,
1997 and 1999, 2002 and 2005, and 2008 and 2010, while
the second subcohort had follow-up visits between 2004
and 2005, and between 2011 and 2012.37 All participants
had data on history of cancer and dementia and incident
diagnosis, collected from medical records of general prac-
titioners (including hospital discharge letters) and through
linkage with national registries (more description in eAp-
pendix; http://links.lww.com/EDE/C107). Date and cause
of death were collected via municipal population registries.
These ascertainment methods imply that the Rotterdam
Study has functionally no loss to follow-up with respect to
dementia diagnosis and death.

Eligibility criteria included: ages 60 to 70 years at study
entry; no history of cancer diagnosis, no history of dementia
diagnosis; and free of cognitive decline (defined by a Mini-
Mental Score =26). Out of 10,998 persons who participated in
the study entry, 3634 were considered eligible. Time to cancer
diagnosis, time to dementia diagnosis, and death status were
measured for all participants. All participants were followed
from study entry until dementia diagnosis, death, or 20 years
after their individual baseline date, whichever occurred first.
Given that participants from the second subcohort were fol-
lowed for 15 years, we assume that they would have had a
similar distribution of dementia risk and mortality as the first
subcohort, between years 15 and 20 of follow-up.

The Rotterdam Study has been approved by the Medical
Ethics Committee of the Erasmus MC (registration number
MEC 02.1015) and by the Dutch Ministry of Health, Welfare,
and Sport (Population Screening Act WBO, license num-
ber 1071272-159521-PG). The Rotterdam Study Personal
Registration Data collection is filed with the Erasmus MC Data
Protection Officer under registration number EMC1712001.
The Rotterdam Study has been entered into the Netherlands
National Trial Register and into the WHO International
Clinical Trials Registry Platform under shared catalogue
number NTR6831. All participants provided written informed
consent to participate in the study and to have their informa-
tion obtained from treating physicians.

STATISTICAL METHODS

Weillustrate the association between cancerand demen-
tia diagnosis under two scenarios, the first of which replicates
a common analytic strategy and the second which mitigates
some (but not all) the biases described above. Scenario A
replicates the setting that defines cancer proxy as “cancer
ever vs. never, ' meaning we compare dementia outcomes
in individuals who ever develop cancer during follow-up to
those who were not observed to develop cancer during follow-
up. Scenario B defines cancer diagnosis as time-varying

© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.
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meaning that time before cancer diagnosis is allocated to the
nonexposed arm, and the time after cancer diagnosis to the
exposed arm. To address confounding, we fit inverse prob-
ability treatment weights, truncated at the 99th percentile.
In Scenario A, weights were defined as the inverse of the
probability of cancer diagnosis conditional on the following
baseline covariates: age at study entry, sex, APOE-¢4 status,
educational attainment, cohort, and smoking status. In con-
trast, for Scenario B, weights were defined to represent the
product of the inverse probability of being diagnosed with
cancer over time, conditional on the time-varying covari-
ate history before cancer diagnosis.*® Once participants
had cancer, their weights were set to 1. Baseline covariates
included age at study entry, sex, APOE-¢4 status, educa-
tional attainment, and the time-varying covariates included
smoking status, systolic blood pressure, body mass index,
and prevalent and incident hypertension and diabetes.

We calculated inverse probability censoring weights for
death, assuming independent censoring conditional on mea-
sured covariates. In Scenario A, weights represent the inverse
of the probability of not dying conditional on cancer diagnosis
(ever vs. never) and the baseline covariates age, educational
attainment, APOE-e4 status, and baseline measurements of
smoking status, hypertension status, systolic blood pressure,
body mass index, history of diabetes and cohort. For individ-
uals who died, their censoring weight is zero.”? In Scenario
B time-varying weights represent the product of the inverse
probability of surviving in each year before ¢, conditional on
the measured shared causes of death and dementia. For an
individual who has died by time ¢, the year # censoring weight
is zero.>® We fitted weights including the same covariates used
for time-varying cancer diagnosis, and added time-varying
cancer, stroke, and heart disease diagnosis as predictors for
death. Further details are presented in the eAppendix; http://
links.lww.com/EDE/C107.

To estimate the controlled direct effect of Pinl on the
risk of dementia, we compared the complement of a weighted
Kaplan—Meier survival estimator for participants who developed
cancer versus those who did not, with time indexed in years. The
weights are time-varying by follow-up year, defined as a product
of the year-specific inverse probability of treatment weights and
the inverse probability of censoring by death weights. Estimates
of the controlled direct effect are presented as 20-year risk dif-
ferences and risk ratios (RR). We calculated all 95% confidence
intervals (CI) using percentile-based bootstrapping based on 500
bootstrap samples. For illustrative and comparative purposes, we
also calculated hazard ratios (HR). Hazards, unlike risks, inher-
ently condition surviving both dementia and death, and as such a
causal interpretation is problematic.3

Since the conditional independent censoring assumption
is untestable, we compute Peterson upper and lower bounds
to represent extreme scenarios of dependency: (1) the lower
bound refers to a scenario where those who died would never
develop dementia and (2) the upper bound that refers to a

© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.

scenario where those who died would have a dementia diag-
nosis had they not died. The lower bound is calculated with
the Aalen—Johansen estimator treating death as a competing
event, and the upper bound is calculated with the Kaplan—
Meier estimator for the combined outcome of dementia or
death.

All analysis were performed using R. Code is available on
GitHub (https://github.com/palolili23/2023_cancer_dementia).

RESULTS

Participants had a mean age of 64.5 years, and 54%
(n =1979) were women (Table 1). Over follow-up, 25% (n
= 899) developed cancer, with a median age of cancer diag-
nosis at 73 (IQR = 69, 78). From the total sample, 13% (n=
460) were diagnosed with dementia over follow-up with a
median age of 79 (IQR =75, 83) years. Among participants
with incident cancer, 6% (n = 53) had a dementia diagno-
sis, 63% (n = 567) died over follow-up, and 31% (n = 279)
remained alive and dementia-free at 20 years since the study
entry. eTable 1 in the eAppendix; http://links.lww.com/
EDE/C107 describes the proportion and total number of

TABLE 1. Descriptive Characteristics of Individuals Included
in the Study
Characteristics Overall (n =3634)
Male, N (%) 1655 (45)
Age at baseline (mean [SD]) 64.46 (2.9)
Educational attainment, N (%)

Higher 382 (105)

Intermediate 1634 (45)

Lower 1594 (44)

Unknown 24 (1)
ApoE4, N (%)

Not carrier 2488 (68)

One allele carrier 888 (24)

Two allele carrier 96 (3)

Unknown 162 (4)
Smoking status, N (%)

Current 922 (25)

Former 1720 (47)

Never 992 (27)
Body Mass Index (mean [SD]) 26.59 (3.7)
Systolic blood pressure (mmHg) (mean [SD]) 138.68 (20.8)
History of hypertension, N (%) 2126 (58)
History of heart disease, N (%) 263 (7)
Incident heart disease, N (%) 1022 (28)
History of diabetes, N (%) 374 (10)
Unknown history of diabetes, N (%) 726 (20)
Incident diabetes, N (%) 718 (20)
History of stroke, N (%) 62 (2)
Incident stroke, N (%) 472 (13)
Incident cancer, N (%) 899 (25)

SD indicates standard deviation.
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participants with cancer who (1) remained alive over follow-
up, (2) had dementia diagnosis over follow-up, and (3) died
over follow-up, by cancer subtype. In contrast, among par-
ticipants free of cancer diagnosis over follow-up, 15% (n =
411) were diagnosed with dementia, 24% (n=667) died over
follow-up, and 61% (n = 1657) were alive and dementia-
free at the end of follow-up. The proportion of participants
in each possible status over follow-up and leading causes of
death for both arms are presented as eFigures 1 and 2 and
eAppendix; http://links.lww.com/EDE/C107.

Results for all scenarios are presented in Table 2. Using
Scenario A’s analytic design and without adjusting for confound-
ing or selection bias due to conditioning on death, we observe a
protective association with a RR, (95% CI) of 0.71 (0.49, 0.95)
and a HR, (95% CI) of 0.51 (0.39, 0.68). Though adjusting for
measured confounding only minimally changed the observed
association, the association is closer to the null after including

censoring weights for death (RR = 0.91 [0.65, 1.2]; HR = 0.72
[0.54, 0.98]). In contrast, using Scenario B’s analytic design, the
fully adjusted model results in an RR of 1.1 (0.79, 1.3) and an HR
of 1.1 (0.80, 1.5). The cumulative incidence curves for dementia
for participants free of cancer diagnosis and with incident can-
cer diagnosis, under Scenarios A and B, reflect that the differ-
ence between groups changes over time and flips direction when
considering cancer as a time-varying proxy (Figure 5). Bounds
(rather than point estimates) were wide (Lower bound RR = 0.39;
Upper bound RR = 2.08).

DISCUSSION
The existing literature that has found an inverse associa-
tion between cancer and dementia is constantly growing, in part
driven by the need to identify potential targets of intervention to
reduce dementia. In this work, we try to describe the meaning

TABLE 2. 20-year Risk Differences, Risk Ratio, and Hazard Ratios for Dementia Risk by Cancer Proxy and Model Adjustment

Scenario Model Risk Difference % (95% CI)  Risk Ratio (95% CI)  Hazard Ratio (95% CI)
A Unadjusted =59 (-10,-1.1) 0.71 (0.49, 0.95) 0.51(0.39, 0.68)
B Unadjusted —1.4(-5.0,3.0) 0.94 (0.78, 1.2) 0.95(0.71, 1.3)

A With weights for confounding -6.0 (—-11,-1.4) 0.70 (0.49, 0.93) 0.52 (0.39, 0.69)
B With weights for confounding —0.30 (—6.7, 3.8) 0.98 (0.71, 1.2) 1.0 (0.76, 1.4)

A With weights for confounding and for censoring for death -2.0(-7.7,3.9) 0.91 (0.65, 1.2) 0.72 (0.54, 0.98)
B With weights for confounding and for censoring for death 1.2 (-5.0,6.4) 1.1(0.79, 1.3) 1.1 (0.80, 1.5)

Scenario A represents the setting where cancer is defined as “ever vs. never”; Scenario B represents the setting where cancer is defined as a time-varying proxy.

CI indicates confidence interval.

A A Cancer is defined as 'ever vs. never' proxy

B B. Cancer is defined as 'time-varying' proxy

0.34

Cumulative incidence

— - -

20 0 5 10 15

Years of follow-up

== Free of cancer diagnosis == With cancer cancer diagnosis

FIGURE 5. Risk of dementia under elimination of death over 20 years of follow-up by cancer diagnosis status. A, Represents the
scenario where cancer was considered as “ever vs. never.” B, Represents the scenario where cancer was considered as a time-

varying proxy.
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of “cancer” as a proxy of one potential biologic mechanism
that could explain this association, opposite expression of
Pinl, as a starting point to understand some sources of bias.
By being more explicit about a particular question of interest,
we can better choose appropriate analytic strategies, be more
transparent about underlying assumptions, and provide clearer
interpretations. In this work, we specifically showed how esti-
mates can change substantially based on which analysis and
assumption sets we evoke.

For instance, a key challenge of cancer diagnosis as a
proxy for Pinl is the incapacity of defining a clear time zero.*
In the setting where cancer diagnosis is defined as “ever vs.
never,” this definition introduces immortal time bias. All
results pertaining to this definition had an inverse association
between cancer diagnosis and dementia, while results that did
not introduce this particular form of immortal time bias had
point estimates closer to the null. Although we attempt to pre-
vent this bias with statistical methods, we can only fully pre-
vent it by having a clear definition of time zero. Importantly,
this definition does not depend on the collected data nor in
analytic decisions: it relies on a deeper discussion related to
when would be the best moment to potentially intervene on
this biomarker and for what purpose. Thus, we hope that these
unsolved questions guide future discussions and data collec-
tion efforts.

On the other hand, death as a competing event is a chal-
lenge that has some straightforward strategies, beginning first
and foremost by choosing the causal parameter (or estimand)
of interest.>>3 In this study we focused on the controlled direct
effect, which represents the effect of Pinl in a setting where
death due to cancer and other causes could have been pre-
vented, yet without an explicit intervention, which makes it
ambiguous. To disentangle the opposite effect of Pinl in tumor
proliferation vs. the protective effect in the brain we could
pose questions using the separable effects framework.*** This
framework focuses on decomposing the exposure in two dif-
ferent mechanisms that affect dementia and death separately.
We believe this would be the most coherent estimand to
expand what we understand from the cancer-dementia associ-
ation. However, we are still constrained by the fact that iden-
tification and estimation for time-varying exposures are not
yet developed.

As opposed to prior studies that implicitly address a
direct effect, and that define censoring as ignorable,”® we show
how point estimates change substantially when we include
weights for death to relax the independent censoring assump-
tion* when the estimand of interest is the controlled direct
effect. The large range between the bounds gives us a sense
of how far we might be from identifying the risk of dementia
under elimination of death.***! This shows that, even with the
effort of adjusting for time-varying covariates, we may be far
from meeting this assumption and thus better efforts to mea-
sure shared (time-varying) causes of dementia and death are
needed. In addition, presenting the proportion of participants

© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.

that died before dementia diagnosis in each arm, and the
proportion of participants in each status over time improves
transparency and puts in evidence the limitations of the data
to answer this question.

Opposite Pinl expression is only one of the several
mechanisms proposed by other investigators as an explanation
for the inverse cancer-dementia relationship. Certainly, can-
cer diagnosis represents a complex and heterogeneous health
condition that exceeds the representation of Pinl expression.
To understand how—if at all—the cancer-dementia associa-
tion informs the potential effects of any other mechanism or
treatment strategy, and its connection to collected data, we
may require different causal representations. For example, if
researchers used this association to inform the possible effects
of different chemotherapeutics on cognitive decline among
patients undergoing treatment for cancer, different challenges
would arise. Notably, a target trial would include cancer diag-
nosis as part of the eligibility, and thus researchers would need
to instead grapple with how using data on persons without
cancer is useful and useable.*> Each question requires thinking
about bias anew and each question brings its own set of chal-
lenges and opportunities.

We underscore that our study is just one case study for
how observed associations between two diseases or health
states may be disentangled to more transparently unveil pos-
sible mechanisms (and sources of bias) behind them, and how
to maximize what we can learn about the potential mecha-
nisms given available or readily collected data. We acknowl-
edge that this work is a starting point for the notion of setting
clear research questions and making explicit assumptions
about the mechanisms of interest, even if these connect to
yet-to-exist therapies. Outlining a transparent causal question
first is the key step to understanding under what assumptions
a particular estimator can be used to estimate a causal effect.®’
We hope this work stimulates the conversation around what
are we attempting to understand from the cancer-dementia
association. Such discussion is needed to obtain meaningful
conclusions.
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