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1. LE EVIDENZE EPIDEMIOLOGICHE
DEMENZA E TUMORI
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Inverse relationship between cancer and Alzheimer’s disease:
a systemic review meta-analysis

Qinghua Zhang' - Shougang Guo' - Xiao Zhang' - Shi Tang' - Wen Shao' -
Xiaojuan Han' - Lu Wang' - Yifeng Du'

Abstract Alzheimer’s disease (AD) and cancer are both
prevalent in the elderly. Some epidemiological resear-
ches have reported the negative association between AD
and cancer, but the results are controversial. The present
meta-analysis is aimed to clarify the association between
cancer and AD. PubMed, Web of knowledge and the
Cochrane library databases were searched for eligible

publications. Ihe analysis indicated that history of can-|
cer was associated with a reduced risk of AD (ES 0.62,
95 % Cls 0.53-0.74; p < 0.001), with no significance
between-study heterogeneity and publication bias. Sim-

tlar results were fnunﬂ in SllEgl'ﬂllp HHHIYSIS E}’ .Efrahf}'lng
variables with education and APOFs4 carriers vears of

follow-up and sample size of cases. The negative asso-
ciation was also found in analysis of risk of cancer
among patients with AD (ES 0.59, 95 % Cls 0.42-0.82;
p = 0.002), but with evidence of between-study hetero-
seneity and publication bias. In order to identify sources

of the heterogeneity, subgroup analysis was performed
by stratifying variable with or without education adjus-
ted, sample size of cases and years of follow-up. Nega-
tive association was found in all subgroup analysis
except in studies with less than 5-year follow-up and
with heterogeneity disappeared only in the subgroup
analysis stratified with sample size of cases. Our results
in the present meta-analysis support the negative asso-
ciation between AD and cancer. But further well-




Fig. 1 Flowchart of study
selection process

Search strategy

We performed a comprehensive electronic searches on the
database of PubMed, Web of knowledge and the Cochrane
shegry to identify eligible studies published before January
@ The words including *Alzheimer’'s disease”, “de-
tia”, “AD", “cancer”, “neoplasm™, “carcinoma” and
“tumor” were used as both medical subject heading (Mesh)
terms and abstracts/title text with restriction of English
publication. Reference lists of located articles were sear-
ched to find additional relevant studies.

Study selection

We included studies if they met the following criteria: (1)
studies that examine the association between cancer and
AD; (2) case—control, cross-sectional or cohort study
design; (3) clear diagnosis criteria for AD and cancer; and
(4) providing RR, OR, HR or SIR and 95 % confidence
intervals or enough data to calculate these numbers. We
excluded studies that did not discriminate AD from other
causes of dementia and articles that did not provide original
data such as reviews, editorials and letters.

759 articles identified from
databases

733 articles excluded afier reading
the title/abstract

26 relevant aricles

13excluded:

h

4 comments,] letters, 2 author reply, 3editonals, 1

response and Inews did not provide new information

Y

13 articles assessed for

inclusion criteria in datail

5 excluded:

w

1 did not provide enough data for effect size and

95%(Cls caculation

§ articles finally included
3 articles for nisk of AD among patients with cancer history

4 articles for nsk of AD among patients with cancer history




Table 1 Characteristics of included studies analyzing risk of AD among patients with cancer history

References  Study design sample & of Criteria for AD diagnosis  Criteria for Age Years of ES (95 % Factors adjusted
source Country of cases cancer diagnosis  (years) follow-up Cls)
(mean)
Yamada Cohort study community- § 230 NINCDS/ADRDA Clinical =6l 4 OR 0,30 No
etal [14] based Japan examination (0.05-0.98)
Roe et al.  Cohort study volunteer- 50 Clinical diagnosis, Self-report =54 42 HE 0.40 Sex, age at first
[13] based America histopathology (0.12-1.13) § assessment, education
confirmed
Roe et al.  Cohort study population- NINCDS-ADRDA Cancer =63 54 HE 0.57 Sex, age, education,
[12] based America hospitalization (0. 36-0.90) income, number of
records ApoEed alleles,
hypertension, race,
diabetes, comnary heart
disease
Diiver Cohort study community- NINCDS-ADRDA Chart review =65 10 HE 067 Sex, age, smoking, incident
etal [11] based America (0.47-097) § cancer
Lai et al. Case—control population- NINCDS-ADRDA Chan review =65 10 HE ().51 Diabetes, cirrhosis,
(7 based Taiwan (0.19-142) § alcoholic liver damage,
other chronic hepatitis
Musicco Cohort study population- § 21451 Clinical history Cancer registry =6l 5 RRE (.64 Are, sex
etal. [10] based Northern Italy (0.50-0.81)
White Cohort study community- § 1134" (total) NINCDS-ADRDA Self-report =68 37 HE 0.69 Sex, education, occupation,
et al. [8] based America (0.39-123) § diabetes, comnary heart

disease, hypertension




Table 2 Characteristics of included studies analyzine risk of

cancer among patients with AD

References  Study design sample Numbel of Criteria for AD Critena for cancer Age Years of ES (95 % Factors adjusted
SOUrce country of cases diagnosis diagnosis (years) follow-up Cls)
(mean)
Ouetal.  Cohort study population- Registry of catastrophic  Not mentioned =40 4.25 SIR .88 No
[9] based Taiwan illness (0.80-0.97)
Musicco  Cohort study population- Medical records Cancer registry =60 5 RR 0.79 Sex, age
et al. based Northern ltaly (0.64-0.97)
[10]
Driver Mested case-control NINCDS-ADRDA Chart review confimed =65 10 HE (.39 Age, sex
et al. community-based by pathology report (0.26-0.58)
[11] America
Roe et al.  Cohort study population- NINCDS-ADRDA Cancer hospitalization =63 8.3 HR 0.31 Sex, age, education,
[12] based America records (0.12-0.86) f§ income, smoking, race
elc.
Roe et al.  Cohort study volunteer- Clinical diagnosis Self-report =47 3.57 HR. 0.39 Sex, age at first
[13] based America histopathology (0.21-0.74) § assessment, education

confirmed




Fig. 2 Forest plot of studies
analyzing risk of AD among
patients with cancer history
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Fig. 3 Forest plot of studies
analyzing risk of cancer among
patients with AD
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[nverse occurrence ﬂf cdncer Ellld

Alzheimer disease

A population-based incidence study

ABSTRACT

Objective: To evaluate the incidenceof cancer in parsons with Alzheimer disease (AD) and the inck
dence of AD dementla In persons with cancer.

Methods: Thiswas a cohort study in Northarn [taly enimore than 1 million residents. Cancer incidance
was derfved from the local health authority (ASL-MIL) tumar registry and AD dementia incidence from
regstries of dug presoriptions, hospitalizations, and payment exemptions. Expected cases of AD
dementia were calculated by agplying the age- sex-, and calendar year-specific inciderce rates
obsarved in the whole populationto the subgrolp constituted of persons with newly diagnosed cancers
during the abservation perod (2004-2009). The same calculations were camrled aut for cancers in
patients with AD dementia. Separate analyses were carried out for the time period preceding or fok
|lowing the index diagnosls for survivors and ronsunvivars untll the end of 2009 and for dfferent types
and sites of cancer.

Results: The rigk of cancer in patients with AD dementia was halved, and the risk of AD dementia in pa-
tients with canter was 35% reduced. This relatiorship was abserved in almost all subgroup aralyses,
sugpesting that some anticipatedpotential corfourding factors did rot significantly influence the results,

Conclusions: The occurrence of both cancer and AD dementia increases exponentially with age,
but with an inverse relationship; older parsons with cancer have a reduced risk of AD dementia
and vice versa. As AD dementla and cancer are negative hallmarks of aging and senescente,
we suggest that AD dementia, cancer, and senescence could be manifest ations of a unigue phe-
rofmenon relatad to human aging. Newrology® 2013:81:322-328

Table 1

Incidence rates, age, sex, and person-years of observation bafore and after the diagnosis and within

survivars and nonsurvivors of the 2 cohorts of people with cancers or Alzhaimer disease dementia

bbain Fvcamian, n
Aga, y, maan = 50
Porsomyaars
Total
Bafore the disgnosis
Aftar the dingnosis
Survivors
Honsurvivors
IR (68 C*

Mdrhaimor demantia cohort
In = 2832

S47/1,885
Mi=48

15,0620
BEME
63mE
S&m?

5183
21218224

Cancar cohaort
In= 21481

12225{9.226
724 =78

1012174
600220

41249

SB6425

458754

1751 (174.4-175.8)




CONTROLLO DI POSSIBILE CONFONDENTE NELLA
RELAZIONE AD-CANCER E VICEVERSA

other neurodegenerative disorders, such as Parkinson disease.” Issues of confounding might underlie
the observed lower occurrence of cancer in patients with dementia and vice versa.” First, both cancer

and AD dementia limit life expectancy of affected persons and thus reduce the available lifetime for
occurrence of other diseases. Second, the presence of one disease might obscure the diagnosis of

other disorders, because any new occurning symptoms in patients with AD dementia or cancer
might be interpreted as a consequence of the already diagnosed primary disease. Finally, cognitive
decline due to AD neurodegeneration may be falsely interpreted as an undesired chemotherapy side

effect in patients with cancer.’



Obsarved and axpocted cases and relative risk of ocourmnoe of
Alz hwim or di seas e dementiain the cohort of parsons with cancer and of
c.ancers in the colort of persons with AD dementia®

G anoor & in AD demartis cohort

A0 e rrveen tia in cores o con ot

Obsfexp® | RR (88% CI) Obefmp® | AR [88% C1)
Total ig1jze1 2 |os7iodsoen] i1eip480 | 085056076
Bofore the disgnosis  68/1634 | 042 (0022053 | 3401 | 086 (0.54-0.81)
Aftar tha diegnosts sy117e Jorsioesosn| esnose | 084 (0S0-0.81)
In survivars 7aj1e44 |oazioazosy| Tenasi | ose04e-0TH
in NG nEUrvivors BIBES oseoes-108 | 3109 | O7S0E0-0.83
Cancer typa
Eprthalial 1aa2ies |0600E0-071)| 13202002 | 066 0E5-0.7H)
M asancnymal ajs= osgoi21 700 34a OUES (0.14-2.00)
Blood /181 oa7oz1-0ey | snea OS5 (0L25-1 05)
Horveou s system 343 oTooid4-205| aee 117 (0.>3-3 41)
Umespa cifiod 14328 o4zo3-07| 1425 OB (0241 04)
Cancer site
Broast 26/370 oToas-1 03| 2epm1 OUBE (0L45-1.00)
Lung 16266 DEDD2a-DooE | 18087 DS D51 35
Bladdar 18224 oeljods-12m| 1sers 072 (0.47-1.24)
Prostate 19203 0040561 468 | 120 087 (052-1 35)
Colorect al 137300 043(023-074)| 13@as 044 (023075
Othar 61450 JO42(037-080)] 621148 | OED(DAT-OTE)
Abbreviations AD — Aldheimer dissase Cl — confidence interval, RR = relative risk.
* Expectations are caloulat ed with ref erence to the general papulation of the sarme sex, age
and calendar year of follow-up.
" Observed ve axpec ted values

Figure 1  Age-specific inddmnce rates of cancers and Alzheimer disoase demantia
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PRISMA 2009 Checklist

Section/topic Checklist item Sl
on page #

TITLE

Title 1 | Identify the report as a systematic review, meta-analysis, or both. D

ABSTRACT

Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria,
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and @
implications of key findings; systematic review registration number.

INTRODUCTION

Rationale 3 | Describe the rationale for the review in the context of what is already known. Q

Objectives Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons,
outcomes, and study design (PICOS). @]

METHODS

Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide
registration information including registration number.

Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered,
language, publication status) used as criteria for eligibility, giving rationale. @

Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify @I
additional studies) in the search and date last searched.

Search 8 | Present full electronic search strategy for at least one database, including any limits used, such that it could be @
repeated.

Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable,
included in the meta-analysis).

Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes @
for obtaining and confirming data from investigators.

Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and @
simplifications made.

Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specification of whether this was

studies done at the study or outcome level), and how this information is to be used in any data synthesis.

Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means) Q

Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including measures of consistency

(e.g., I'yfor each meta-analysis.




Section/topic

# Checklist item

Reported
on page #

Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective D
reporting within studies).
Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating =
which were pre-specified. 9
RESULTS
Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at D
each stage, ideally with a flow diagram.
Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and @
provide the citations.
Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).
Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot. @
Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency. a
Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see ltem 15). T
Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see ltem 16]). @
DISCUSSION
Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to
key groups (e.g., healthcare providers, users, and policy makers). Q
Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of Q
identified research, reporting bias).
Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future research. @
FUNDING
Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the

systematic review.




AMSTAR - a measurement tool to assess the methodological quality of systematic reviews.

1. Was an 'a priori' design provided?

The research question and inclusion criteria should be established before the conduct of o Yes
the review. o No

o Can't answer
Note: Need to refer to a protocol, ethics approval, or pre-determined/a priori published o Not applicable

research objectives to score a "yes.”

4. Was the status of publication (i.e. grey literature) used as an inclusion
criterion?
The authors should state that they searched for reports regardless of their publication

type. The authors should state whether or not they excluded any reports (from the o Yes
systematic review), based on their publication status, language etc. o No

o Can't answer
Note: If review indicates that there was a search for "grey literature” or "unpublished o Mot applicable

literature, ” indicate "ves.” SIGLE database, dissertations, conference proceedings, and
trial registries are all considered grey for this purpose. If searching a source that contains
both grey and non-grey, must specify that they were searching for grey/unpublished lit.




7. Was the scientific quality of the included studies assessed and documented?
'A priori’ methods of assessment should be provided (e.qg., for effectiveness studies if the
author(s) chose to include only randomized, double-blind, placebo controlled studies, or
allocation concealment as inclusion criteria); for other types of studies alternative items
will be relevant.

Note: Can include use of a quality scoring tool or checklist, e.q., Jadad scale, risk of bias,
sensitivity analysis, etc., or a description of quality items, with some kind of result for
EACH study ("low” or "high” is fine, as long as it is clear which studies scored "low” and
which scored “high”; a summary score/range for all studies is not acceptable).

o Yes
o No
o Can't answer
o Not applicable

8. Was the scientific quality of the included studies used appropriately in
formulating conclusions?

The results of the methodological rigor and scientific quality should be considered in the
analysis and the conclusions of the review, and explicitly stated in formulating
recommendations.

Note: Might say something such as "the results should be interpreted with caution due to
poor quality of included studies.” Cannot score "yes” for this question if scored "no” for
question 7.

o Yes
o No
o Can't answer
o Not applicable
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DOT 101007/ 5 1085 2-009-04 97 -6

ORIGINAL PAPER

and meta-analysis

Parkinson’s disease and cancer risk: a systematic review

Archna Bajaj - Jane A. Driver © Eva 8 Schernhammer

Abstract

bjective  To appraise the existing litemiume on cancer
risk among patients with Parkinson's disease (PD), deter-
ming the overll cancer risk ratio among patients with PD,
explom reasons for variations in study results, and assess
the potential for publication bias.

Methods  Studies reporting cancer risk in patients with PD
were identified by searching electronic databases through 18
November 2009 using the terms PARKINSON DISEASE,
NEOPLASM, and CANCER. Reviewers individually
performed data extraction and scored each study using a
quality assessment instrument. Cancer risk in all patients with
PD was calculated overall, and after exc luding melanoma and
other skin cancers. We tested for heterogeneity  and

publication bias, and stmtified for gender, smoling-related

versus non-smoking-related cancers, and stody quality. We

pooled effect sizes using fixed-effects and random-effects
il

Results Weincluded 29 studies inthe overall analysis for a
total of 107,598 patients with PD. Companed to controls, the
ageregate rsk for cancer in patients with PD was 0,73 (95%
confidence interval [CI], W63-0.83), and after excluding
skin tumaors, 0.69(95% C1, 0,62-0.78). These risks varied by
gender (males, RR = 0.71, 95% CI, 0.57-0.88. females
RR = 0.82; 95% CL 0.68—0.98). After sirictly excluding
skin tumors, both smoking-related (RR = 061; 95% CL
0.580.65) and non-smoking-related cancer rates (RR =
0.76; 95% C1, 0.65-0.89) were significantly lower among

A, Bajaj (=0 - E. 5. Schembamime

Chanming Laboraidy, Depamment of Medicine, Biigham
and Women's Hospiial and Harvand Medical Schosal,

181 Longwood Avenue, Boeion, MA 02115, TT5A
e-mmail: ndha) @ channing. karvand. edo

patients with PD .

 Conclusions  SWdies on cancer risk amimyg patients with
PD collectively show significantly reduced cancer risk
ratics. Further research o explain the biological mecha-
nisms, particularly for the association with non-smoking-
related cancers, appears warmnted




Seamch strategy

We aimed (o identify all studies reporting rates of cancer
among individuals with PD. We conducted electronic

searches of MEDLINE (from 1966 w0 18 November 2000,

EMBASE (from 1974 to 18 November 2008), and IS1 Web
of Science (from 1900 10 18 November 2000, with the md
of a reference lhibrarian at Countwa ¥ lihrur}' (Boston, MA).

PARKINSON DISEASE, NEOPLASM, and CANCER
were enlered as medical subject heading terms and text
words and then comnected through Boolean operators. We
restncted the search o stodies incloding human study
participants. We also manually searched the reference list
of all studies retrieved for detailed evaluation and of any
relevant review articles and contacted experts in the field 1o
locate additional publications and any unpublished data,
We placed no construints on the language in which the
studies were wrillen, the region of residence, or age group
of study subjects. We were careful, however, 1o minimize
overdapping data sets among the included studies 10 avoid
duplicate counting of events and the bias this can introduce
into a quantitative summary of the evidence.

We conducted and reported this analysis in accordance
with MOOSE guidelines for meta-analysis of observational
studies in epdemiology [9].

1813 Identified shwdizx
722 MEDLINE
412 FMRBASE
636 151 'Weh of Science
41 Eeforsmos lid=
| Birought o altention of aothors

1678 Excloded {did mwof sindy cancer risk
im M0 pafiens i

135 Potentially relevent studies screened For
retrizval

38 Excluded
25 Mon-cancer n=k shxlies
- s Case repors
5 Hasic sciemce
2 Beviews

¥
ot Srpdies eineved for more detsiled evalustion

G Excluded

32 Mon-cancer risk shdies

T Mo comparison group

£ Comments/leftersi=dilorials
4 Auviopsy studies

4 Cohaort overlsp

3 Smudied only skim cancer

5 Mo dots reporied

2 Casr reports

2 Haszic science

I hd not stody P exclesively

3} Soadies inchaded in meta-analysis

Fig. 1 Flow diagram: patenis with PI} and cancer rsk. * However,

only 29 smdies were included in overall amalysis, see explanation in
““Mle theosds ™
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Table 2 Association between PD and site-specific canoer

Mo, of stodies RR (95% CIf Ri smiistic (0 test {p value)
Fixed effects Random e fiecis
Site-specific cancers
Melanoma & 156 (1.27-1.91) 141 {090-219) 017 002
Ouher skin cancers B 094 {(D.87-1.00) 0. (DA6—1.36) (.54 <01
B ast 7 100 (0. 90-1.11) 0.9 {0.T75-1.21) (L <1
Colorectal 9 0T 0T 1-0.83) 0% (06S—0RT) (05 <A1 N1
Prostate 9 (R0 (0. 72-0.88) (.80 {07288 <10 A1
Leuksemias and lymphomas (1 076 (064089 0% (064089 <10 (W1 .66
Lung Ly A6 {D.41-0.51) 046 (041-40.51) <A1 0.0

* Rk ratio and 95% confidence inkerval

[ - . . -
MNate that thiz 15 3 small subsat of the available e urg on the aaociaion beiween melanoms and

I




UNA COORTE DI 10322 PAZIENTI PARKINSONIANI
RESIDENTI NELLA PROVINCIA DI ROMA

Mortality cancer risk
in parkinsonian
patients: A population-
based study

Nicola Vanacore, MD; Stefania Spila-Alegiani, MSc; Roberto Raschetti, MSc; and Giuseppe Meco, MD

| L
Article abstract—Cancer mortality in a population-based cohort of 10,322
parkinsonian patients (448 deaths observed during 1987 to 1994) was com-

pared with that of the Italian province of Rome using the standardized

mortality ratio {SMR). The overall cancer mortality risk was lower in this
cohort than in the reference population (SMR, 56; 95% CI, 51 to 61). This
reduction included most cancer sites as well as both smoking-related (SMR,
51; 95% CI, 42 to 60) and nonsmoking-related cancers (SMR, 58; 95% CI. 52 to
63). The observed reduction in cancer mortality risk in this cohort cannot_be

explained entirely by the hypothesis that smokers are less likely to develop PD.
NEUROLOGY 1999:52:395-398




Parkinsoninn men

No. of deaths No. of deaths
All All Person: All Al Person- All All
Age, ¥ causes cancer yeurs causes cancer years causes cancer
25-44 4 ] 356 3 0 410 7 0
45-49 4 1 243 0 0 265 “ 1
50-54 3 1 528 6 1 436 9 2
55-59 8 & 963 11 1 540 29 4
60-64 581 s 1,955 40 9 1,850 9 15
6069 176 12 4508 97 16 J A6 27 28
T0-74 300 46 47N 168 12 5,186 198 68
76-79 564) 76 6,099 523 65 8,380 1,083 141
=084 622 638 41.625 657 54 1,957 1,279 122
=85 435 35 2,556 620 42 4.944 1,065 ?7
Total 2,155 200 33,493

* The number of deaths and people are reported as average annual figures

Parkinsonian women

Parkinacalan total

Rome provinee total®

No. of deaths

2173 248 25,601

Person-

years
765
509
64
1,802
3,805
6,831
0,056
14479
12,382
7,600
59,094

No. of deaths
All All
Causes cancer
1,228 332
646 299
1030 00
1,647 809
2,687 1,185
3,428 1,430
3,659 1270
5,320 1,509
5315 1,080
6,198 740

No. of
subjects

1108243

255248
254,760
230,194
213,568
177,598
117941
103 859

61,008

34 497

31,068 9,104 2,561,504




ICD IX
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*140-1489
141
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150159
*150
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152154
LAS
156
*157
168
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160160
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170-175
17
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179-184
179
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Malignant neoplasim

Lip, ernl cavity, and pharynx

Toague

Oropharynx

Deher and ill-defined sites
[igestive organs nnd peritoneum
Csnphagus

Stnmach

Intestine, polon, and rectum
Liver and intronhepatic hile ducts
Callbladder

Pancreas

Retroperstoneum and peritoneum
Other and ill-defined sites
Reapirntory and intrathoracie argans
Larmx

Trachea, bronches, and lung
Thymus, heart, and mediastinum
Other and ill-defined sites

Bone, connective tissee, skin, and breast
Bone and articular cartilage
Femanlbe and male broast

Others of skin

Melanoma of skin

Female genital organs
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Cerviz uter

Hody of uterus

Owvary and other uterine adnexa

Others and snepecified

—

=]

173

LRIR L
4.7

SMRE

43
a4

169

H&]

5% CI

51-61
12-10%
1-245
2-527
20-810
4764
18-128
40-74
48-81
17-51
18-83
41-100
B-274
d2-103
AR-59
a2-144
An-56
A5-546
4-971
ap-79
T-202
4087
1-1456
14-304
Aab-102
158-110
15452
1-596
41-171
5154
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Sites

Male genital argana

Prostate

Oiher male penital crpans

Uninary organs

Bladder

Kidrey

Ureter

Other and unspecified sites
Lymphatic and hematopoietic tissue
Hodgkin's diseasc

Others of lymphead and histiocytac tissue
Multiple mycloma

Lymphnoid beukemia

Myeload leukemia

Monecytic leukemia

Leukemin, unspecfied ecll type

* Smoking-related cancer deaths.’

(s

34
33

41

a2

28
42

=L

15

b

-1

Exp

.9
GRE.

-
w

od.3
40.6
12.7
0.2
o8
593
1.9
152
11.8
10.1
94
0.4
8.5

5% CT

4268
4286
3753
J&-81
3-8
27124
1d-J041
36-T9
51085
13-378
11-1
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25-143
16-1148
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Exploring causality of the association between
smoking and Parkinson’s disease

Valentina Galle @ ,"%3* Paolo Mingis,” Mariagrazia Cancellieri,’*
q
Paolo Chigdini,® Roger A Barker° Carol Brayne,® Neil Peares,’
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Tilman Kiihif,?® Verena A Katzké,2® Yvonne T Van'derSehouw,”
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-Eackgruund: The aim of this paper Is to Investigate the causality of the inverse associa-
tion between cigarette smoking and Parkinson’s disease (PD). The main suggested
alternatives include a delaying effect of smoking, reverse causality or an unmeasured
confounding related to a low-risk-taking personality trait.

Methods: A total of 715 incident PD cases were ascertained in a cohort of 220 494 individ-
uals from NeuroEPIC4PD, a prospective European population-based cohort study includ-
ing 13 centres in eight countries, Smoking habits were recorded at recruitment,
We analysed smoking status, duration, and intensity and exposure to passive smaoking in
relation to PD onset.

Results: Former smokers had a 20% decreased risk and current smokers a halved risk of
developing PD compared with never smokers. Strong dose-response relationships with
smoking intensity and duration were found. Hazard ratios (HRs) for smoking <20 years
were 0.84 [95% confidence interval (Cl) 0.67-1.07], 20-29 years 0.73 (95% CI 0.56-0.96)

and >=30vears 0.54 (95% Cl 0.43-0.36) compared with never smokers. The proportional

hazard assumption was verified, showing no change of risk over time, arguing against a
delaying effect. Reverse causality was disproved by the consistency of dose-response
relationships among former and current smokers. The inverse association between
passive smoking and PD, HR 0.70 {95% CI 0.49-0.99) ruled out the effect of unmeasured
confounding.

Conclusions: These results are highly suggestive of a true causal link between smoking
and PD, although it is not clear which is the chemical compound in cigarette smoking re-

sponsible for the biological effect.
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Figure 1. Direct Acyclic Graphs {DAGs) showing the hypotheses on the observed association between cigarette smoking and Parkinson’s disease,
{A} Smoking protects against PD (causal effect); (B) smoking delays PD onset; (Cl subjects with a specific personality trait are both less likely to smoke
and more susceptible to PD (confounding effect); (D} subtle dopaminergic changes before disease onset make quitting smoking easier (reverse
causality).




Table 3. Hazard ratios (HRs) and relative 95% confidence intervals (Cls) from Cox-regression models investigating smoking vari-

ables in relation to PD onset in men and women separately and sensitivity analysis including only definite and wvery likely PD

cases
Men Wormen All
PD» cases HR (95% CI)* PD cases  HR (95% CI)* Definite and very  HR (95% CI)*

likely PI} cases

Smoking status at recruitment

Never smokers 1449 1.0 253 1.0 228 PR

Former smokers 165 077 (0.62-0.97) 67 0B {0e0=1.07) 121 LS (0.e6—1.08)

Current smokers 52 .42 (0.35=0.67) 29 046 (0.31=0.69) 40 .42 (0, 29=10),59]

Duration of :\l'ﬁ:ﬂ;iﬂg

Mever smokers 149 1.00 253 1.00 218 1.00

<20 years 57 LB (D&1=1.14) A5 083 (0.58=1.21) 55 (L98 (0, 72=1.34)

20-29 years 47 0. 76 (0.54=-1.06) 22 D68 (0.43-1.07) 33 0Lad (0.44-0.94)

30+ years 95 0,55 (0.42-0.72) 28 045 (0.30-0.67) a4 0,52 (0,39-0.70)
Trend =0.001 Trend < 000 Trend 228

Smoking intensity®

MNever smokers 1t 1.0 253 1.0y 228 1.1

=12 cigaretres/day 56 0.79 (0.57-1.10) EN) 0.83 (0.58-1.25) 51 0BS5S (0el-1.19)

12+ cigarerres/day 79 0,56 (0.42-0.74) 11 DLE3 (025099 46 0,47 (0,33-0.68)
Trend =0.001 Trend 0043 Trend = 0.001

Time since quitting smoking

Mever smoker 149 1.00 253 1.0 228 1.00

19+ years 82 0.89 (0.67-1.18) 28 0.79({0.53-1.19) 58 L.05 ((0LF7=1.44]

=18 years 4() (Lad (D.48=0.97) 15 078 (D 48=1.27) 28 .67 (0.45=1.01]

<% years 33 a6 (0,.45-0.97) 16 0,73 (0. 44—1.23) 30 075 (0,50-1.111
Trend 0,008 Trend 0106 Trend 0.046

Age when quitting smoking

MNever smoker 149 1.00 253 1.00 228 1.000

<33 years e 1.10 {0.78—1.55) 10 0.56 (0.29-1.07) 36 1.25 (0.86—1.80)

34-43 vears 33 0,60 ((L41-0.88) 20 0.96 (0.60-1.53) 28 0.74 (0.49-1.11)

44+ years 7R L72 {0.54-0.97) 3z 077 (D.52-1.12) 52 .73 (0.53-1.01)
Trend 0,006 Trend m1a4 Trend 0.032

Age when started smoking

Mever smoker 145 1,010 253 100 228 1.OH

20+ years 75 0,71 (0.55-0.94) 6l 077 (0.57-1.04) a7 07000, 52-0,93)

17-19 years al 0,70 {(0.51-0.95) 13 036 (0.20-0.64) 38 058 (0.41-0.84)

<16 years 72 0,63 (0.47-0.84) 14 058 (0.33-1.02) 52 .73 (0.53-1.01)
Trend £, Trend < (0,00 Trend

Passive smoking in childhood 53 1.25 (0.70-2.24) 1003 (LEE (D60=1.32)

Passive smoking at home/work 54 0.71 (0.40-1.23) &4 0,68 (0.43-1.08)

*Models adjusted for educadonal level and sex (where appropriated) and soratified by centre and age ar recruitment.

"Excluding Sweden [N

53291) and missing for 10 876 subjpects who were excluded from this model.
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Background: Several studies suggest that cancer is reduced before and after a
Parkinson's disease (PD) diagnosis. However, determining relationships among diseases
of ageing Is challenging due to possible biases in ascertaining disease. This study evalu-
ates the PD and cancer relationship, addressing potential biases.

Neurological Disorders and Cancer

Associations hetween cancer and Parkinson'’s
disease in U.S. elderly adults
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Methods: Using Surveillance, Epidemiology, and End Results-Medicare linked data
(1992-2005) of adults > 65 years, we assessed PD nsk after cancer comparing PD in
43 779 cancer patlents with PD in a non-cancer group (n = 419 432) in prospective co-
hort analyses. We also conducted a case-control study of B36 947 cancer cases and

142 BE9 controls to assess cancer fu:rlll:mring PD. We applied Cox proportional hazards

models to estimate hazards ratios (HRs) for PD after cancer and unconditional logistic re-

gression to estimate odds ratios (ORs) for PD preceding cancer, controlling for physician
15its and other factors. To explore biases in ascertaining cancer, we examined relation-

ships between cancer and automobile accident injuries, which we expected to be null.

Results: No association was observed between cancer and subsequent FD [HR=0.97;

5% confidence interval (Cl) = 0.92-1.01] nor between cancer and subsequent automaobile
injuries (HR = 1.03; 95% CI =0.98-1.07). One site, lung cancer, was associated with subse-
uent reduced PD, whlch rna1|.r reflect confounding by smoking. In the case-control ana-

Cl=0.71-0.82) and for several cancer sites. However, the automobile injury/ subseqmnt
ancer association was similar (OR = 0.83; 95% Cl=0.78-0.88), suggesting a cancer de-
ection bias after serious health outcomes.
onclusions: In totality, our data do not support a biological relationship between PD

and cancer.
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Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria,
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration number.
INTRODUCTION
Rationale Describe the rationale for the review in the context of what is already known. O
Objectives 4 | Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons,
outcomes, and study design (PICOS). @
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) Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide
registration information including registration number.
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1. Was an 'a priori' design provided?

The research question and inclusion criteria should be established before the conduct of o0 Yes
the review. o No

o Can't answer
Note: Need to refer to a protocol, ethics approval, or pre-determined/a priori published o Not applicable

research objectives to score a "yes.”
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4. Was the status of publication (i.e. grey literature) used as an inclusion

criterion?
The authors should state that they searched for reports regardless of their publication
type. The authors should state whether or not they excluded any reports (from the = Yes
systematic review), based on their publication status, language etc. = No
= Can't answer
Note: If review indicates that there was a search for "grey literature” or "unpublished = Not applicable
literature, ” indicate "yves.” SIGLE database, dissertations, conference proceedings, and
trial registries are all considered grey for this purpose. If searching a source that contains
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Exploring the nexus of Alzheimer’s disease and related dementias with
cancer and cancer therapies: A convening of the Alzheimer’s Association
& Alzheimer’s Drug Discovery Foundation

Heather M. Snyder™*, Tim Ahles", Stuart Calderwood®, Maria C. Carrillo®, Honglei Chen®,
Chung-Chou H. Chang® "*", Suzanne Craft’, Philip De Jager’, Jane A. Driver ', Howard Fillit™,
David Knopman”, Michael Lotze” ', Mary C. Tiermney"”, Suzana Petanceska”, Andrew Saykin”,
Sudha Seshadri®, Diana Shineman™, Mary Ganguli"

Recent population studies suggest an intnguing inverse relationshup between several types of can-
cer and neurodegenerative diseases, including Alzheimer's disease. Understanding the intersection of
the underlying bwology for these two distinet famihes of diseases wath one another may offer novel
approaches to dentify new therapeutic approaches and possible opportunities to repurpose existing

drug candidates. The Alzheimer's Association and the Alzheimer’s Drug Discovery Foundation

convened a one-day workshop to delve mto this discussion. Workshop participants outhned research
focus areas, potenbial collaborabions, and parnerships for future action.




3. Mechanistic links between cancer and AD

Neoplasia and neurodegeneration share many genes and
biological pathways. althoueh they are often regulated in

different directions [17.18]. The common pathways
implicated in both cancer and neurodegenerative diseases
include those that have an age-related change 1n regulation:
cellular metabolism., inflammation, IMmunosenescence,
oxidative stress, angiogenesis, DNA repair, apoptotic cell
death and removal of effete proteins and organelles, and
cell cycle entry. Aging 1s also associated with alterations
in chaperone-mediated protein folding and protein degrada-
tion. In support of the hypothesis that cellular molecular pro-

cesses are dysregulated in opposite directions, Ibanez et al.
conducted transcriptome meta-analyses of microarray gene
expression data from three neurodegenerative diseases and
three cancers, examining pathways that were downregulated
in central nervous system disorders and upregulated 1n can-
cer, and vice versa. Metabolism and genetic information-
processing pathways were most significantly downregulated
in central nervous system disorders and upregulated 1n can-
cer | 19]. Holohan et al. [18] reviewed differential pathway




4. Genetic links between cancer and AD

Genes that are implicated 1n both cancer and neurode-
generative disease may provide clues about pathogenic
mechanisms as well as point to potential therapeutic tar-
gets. For example, the breast and ovarian cancer type 1 sus-
ceptibility gene (BRCAI) encodes a DNA repair protein,
BRCAT1. BRCATI 1s expressed at reduced levels in the
brains of individuals with AD and in animal models of
AD. AP oligomers reduce BRCAT levels in neuronal cul-
tures, and BRCA1 depletion in mice 1s associated with
impaired cognitive function [52]. It 1s not yet known
whether mutations 1n BRCAI would change its function
in the brain. In addition, the apolipoprotein E (APOE) €2
allele, which reduces risk of AD, may increase risk and
%ressivenem of some cancers [64].




APOE g4 1s the strongest genetic risk factor for late onset
AD [53]. The presence of the 4 haplotype 1s also associated
with poor cognitive function after chemotherapy, possibly
because of 1mpaired neural repair mechanisms [54].
Recently, bexarotene, a drug developed to treat skin cancer
that targets the expression of APOE, has shown promise in
AD mouse models, both clearing AP and reversing cogni-
tive, social, and olfactory deficits [55]. A proof of concept
phase 2 clinical trial of this drug did not suggest a benefit
of the drug compared with placebo and highlighted potential
cardiovascular adverse events [56].

Other genes that have been linked to both cancer and AD
include tumor suppressor genes, including BINI [57], the trans-
membrane receptor gene expressed on myeloid cells TREM?2
58], and genes involved 1n cell cycle and angiogenesis tran-
scriptional signaling, pathways [59]. A mutation 1n the gene
LRRK?2, which 1s associated with increased PD susceptibility,
has also been shown to increase the risk of certain cancers [60)].




Identihied research prionties include the tollowimng:

(1) Explore existing cancer cohort studies with AD (4) Invest in large-scale functional and compound
biomarker studies mcluding genetics and genomics, screening of novel human in vitro systems to under-
blood and cerebrospinal fluid analytes, and advanced stand and perturb the functional consequences of ge-

! : ) . netic and other AD nisk factors in immune cells.
neurommaging. Conversely, new studies could include (5) Develop comprchensive phenotyping across me Mgk

more comprehensive assessment of cancer data n co- domains of available cohorts through collaborations

horts addressing agng-related cogmtion and mag- : ) : )
. : . between National Cancer Institute, National Institute
Netic resonance Imaging outcomes, on Aging, and other agencies.

(2) Develop systematic, longitudinal immunoprofiling of (6) Identity well-charactenized cOROIs Of young adults and
the human peripheral and resident immune system in following them through late adulthood with a life

. . . e course approach to simultaneously 1dentity and track
subjects withdeep phenotypic characterization relevant the development of both cancer and neurode generation,

to AD pathology and cancer, to understand how sys- including their risk factors and preclinical marker.

temic and brain immune functions attect one another (7) Identify common or variant biomarkers that reflect
In making someone susceptible to AD and cancer. the two diseases.

(3) Develop longitudinal charactenzation of immunose-
nescence to understand immune system dynamics
and 1dentity biomarkers with which to measure mnate
immune function that 15 relevant to cancer and AD.
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Abstract Growing evidence suggests an unusual
epidemiologic assoclation between cancer and certain
neurological conditions, particularly age-related neuro-
degenerative diseases. Cancer survivors have a
2050 % lower risk of developing Parkinson’s and
Alzheimer's disease, and patients with these neurode-
generative conditions have a substantially lower inci-
dence of cancer. We review the epidemiologic evidence
for this inverse co-morbidity and show that it 1s not
simply an artifact of survival bias or under-diagnosis.
We then review the potential biological explanations for
this association, which is intimately linked to the very
different nature of dividing cells and neurons. The
known genetic and metabolic connections between
cancer and neurodegeneration generally fall within two

categories. The first includes shared genes and pathways
such as Pinl and the ubiquitin proteasome system that
are dysregulated in different directions to cause one
disease or the other. The second includes common
pathophysiological mechanisms such as mitochondrial
dystunction, oxidative stress and DNA damage that
drve both conditions, but with different cellular fates.
We discuss examples of these biological links and their
implications for developing new approaches to preven-
tion and treatment of both diseases.

Keywords  Cancer - Neurodegeneration -
Alzheimer’s disease - Parkinson’s disease -
Epidemiology

Table 1 Comparison of dividing cells and neurons

Characteristic Dividing cell Neuron
Function Various functions Information
Cells of the same type PETNE,
can be replaced communication
with other neurons
The individual cell is
ureplaceable
Tissue Interval mitosis Individual cell must
survival renews cell survive as long as
population the organism
Eesponse to growth Unable to complete
and mitotic factors mitosis
regulated carefully Normally
unresponsive to
mitogens
DN A repair Ongoing focal repair  Ongoing focal repair
Careful checking and =~ ©f necessary genes
repair of entire only
genome during cell No cell cycle
cycle
Energy Can meet its own Dependent on
production neads astrocytes for

Normal mode is
oxidative
phosphorylation but
also uses glycolysis
during hypoxia and
proliferation

glycolysis and
antioxidant
production
Neuron uses
oxidative
phosphorylation
almost exclusively




Metabolic deregulation
Oxidative stress
DNA damage
Mitogenic signals
mmune activation
Inflammation
Angiogenesis
Aberrant cell cycle entry
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Fig. 1 Cancer and AD/PD canbe seen as extremes along the same
axis (horizontal axis). If proliferative pathways (e.g. Pm1 and the
ubiquitin proteasome system (UPS) are upregulated they may
promote cancer but provide neuroprotection. If p33 function is
upregulated. it will promote apoptosis but protect agamst cancer.
Cancer and neurodegenerative disease also share many patho-
physiological features in commeon (verfical axis). Due to the very
different nature of the two cell types. these forces promote cancer in
the peripheral cell but apoptosis in the meuron. Age-related
metabolic deregulaton and metabolic reprogramming may be an
initiating event for both carcinogenesis and neurode generation
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A common biological mechanism in cancer and Alzheimer’s
disease?
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Abstract

Cancer and Alzheimer’s disease (AD) are two common disorders for which the final
pathophysiological mechanism is not yet clearly defined. In a prospective longitudinal study we have
previously shown an mverse association between AD and cancer, such that the rate of developing
cancer 1n general with tune was significantly slower in participants with AD, while participants with
a history of cancer had a slower rate of developmg AD. In cancer. cell regulation mechanisms are
disrupted with augmentation of cell survival and/or proliferation, whereas conversely, AD 1s
associated with increased neuronal death, either caused by, or concomitant with, beta amyloid (AP)
and tau deposition. The possibility that perturbations of mechanisms mvolved in cell survival/death
regulation could be involved in both disorders is discussed. Genetic polymorphisms. DNA
methylation or other mechanisms that induce changes in activity of molecules with key roles in
determining the decision to “repair and live”- or “die” could be involved in the pathogenesis of the
two disorders. As examples, the role of p53, Pinl and the Wnt signaling pathway are discussed as
potential candidates that, speculatively, may explain inverse associations between AD and cancer.
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Figure 1.

Role of p53 i cancer and AD. In response to toxic or stress signals. p53 1s activated through
a number of post-translational modifications and induces cell cycle arrest among other
functions. The decision 15 made whether to mnduce DNA repair or apoptosis of damaged cells
to maintain genomic stability. If the cell machinery in the whole organism were shifted to high
p53 in response to stressors, the cells would be more prone to cell death and AD could develop.
If. on the contrary. the cell machmery were shifted to low or no p53. the cells would be more
prone to develop a cancer. ROS, reactive oxygen species.
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The wnt signaling pathway involvement in cancer and neurode generation. When wnt binds to
the LRP-frizzled receptor in the surface of the cell f-catenin 1s stabilized promoting expression
of wnt target genes and proliferation. Subtle disequilibrium 1n any step of the pathway mm a
manner that determines activation of the pathway. such as increased expression or
polimorphisms that induce activation of wnt or f-catenin would faver cancer development.
preventing neurodegeneration. On the contrary, conditions that induce inactivation of the
pathway would favor the development of Alzheimers disease or other degenerative disorder.
and as a consequence protect from cancer development.
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Abstract

BACKGROUND—Pin1 is an intracellular signaling molecule which plays a critical but opposite
role in the pathogenesis of Alzheimer’s disease (AD) and many human cancers.

SCOPE OF REVIEW—We review the structure and function of the Pinl enzyme, the diverse
roles it plays in cycling cells and neurons, the epidemiologic evidence for the inverse association
between cancer and AD, and the potential therapeutic implications of Pinl-based therapies.

MAJOR CONCLUSIONS—Pinl is a unique enzyme that has effects the function of target
proteins by “twisting™ them into different shapes. Cycling cells use Pinl to help coordinate cell
division. It is over-expressed and/or activated by multiple mechanisms in many common human
cancers, and acts on multiple signal pathways to promote tumorigenesis. Inhibition of Pinl in
animal models has profound anti-tumor effects. In contrast. Pinl is down-regulated or inactivated
by multiple mechanisms in AD brains. The absence of Pinl impairs tau function and amyloid
precursor protein processing, leading to tangle- and amyloid-related pathologies and
neurodegeneration in an age-dependent manner. resembling human AD. We have developed cis
and trans conformation-specific antibodies to provide the first direct evidence that tau exists in
distinet cis and trans conformations and that Pinl accelerates its cis to trans conversion. thereby
protecting against tangle formation in AD.

GENERAL SIGNIFICANCE—Awailable studies on Pinl suggest that cancer and AD may share
biological pathways that are deregulated in different directions. Pinl biology opens exciting
preventive and therapeutic horizons for both cancer and neurodegeneration.
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Figure 4. Pinl and Alzheimer’s disease
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Abstract Growing evidence from both epidemiology and
basic science suggest an inverse association between Alz-
heimer’s disease (AD) and cancer. We examined the genetic
relationship between AD and various cancer types using
GWAS summary statistics from the IGAP and GAME-ON
consortia. Sample size ranged from 9931 to 54,162; SNPs
were imputed to the 1000 Genomes European panel. Our
results based on cross-trait LD Score regression showed a
significant positive genetic correlation between AD and five
cancers combined (colon, breast, prostate, ovarian, lung;
r, =0.17, P = 0.04). and specifically with breast cancer
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Risk of Inherited Variants in Breast Cancer (DRIVE), Elucidating
Loci Involved in Prostate Cancer Susceptibility (ELLIPSE),
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(ER-negative and overall; r, = 0.21 and 0.18, P = 0.035
and 0.034) and lung cancer (adenocarcinoma, squamous
cell carcinoma and overall; r, = 0.31, 0.38 and 0.30,
P =0.029, 0,016, and 0.006). Estimating the genetic cor-
relation in specific functional categories revealed mixed
positive and negative signals, notably stronger at anno-
tations associated with increased enhancer activity. This

suggests a role of gene expression regulators in the shared
genetic etiology between AD and cancer, and that some
shared variants mndulate dlsease rlsk cnncnrdam]y while

issues, we did not detect cross-phenotype associations at
individual SNPs. This genetic overlap is not likely driven
by a handful of major loci. Our study is the first to examine
the co-heritability of AD and cancer leveraging large-scale
GWAS results. The functional categories highlighted in this
study need further investigation to illustrate the details of
the genetic sharing and to bridge between different levels
of associations.
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Fig. 1 Genetic correlation between AD and each cancer type, esti-
mated by cross-trait LD score regression. Error bars are displayed as
point estimate + SE: **p value for genetic correlation <0.05; “any

Cancer type

cancer” category includes all colon cancer, breast cancer (overall),
prostate cancer (overall), ovarian cancer (overall), and lung cancer
(overall)
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Fig. 3 Relationship between SNP, gene expression, and observed
phenotype(s). a A possible scenario where an inverse correlation of
gene expression effects (Ibanez et al. 2014) and a positive correlation
of SNP effects between AD and cancer can be observed. b Possible
causal pathwavs for the relationship between the three components if
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correlation exists between either two components. From up to down:
causal effect of SNP on phenotype mediated through gene expression;
gene expression reacts to phenotypic change due to SNP effect; pleio-
tropic effect of SNP on both gene expression and phenotype
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Abstract

Background—Cancer and Alzheimer’s disease (AD) are common diseases of aging and share
many risk factors. Surprisingly, however, epidemiologic data from several recent independent

cohort studies suggest that there may be an inverse association between these diseases.

Objective—To determine the relationship between history of cancer and odds of dementia
proximate to death and neuropathological indices of AD.

Methods—Using data from two separate clinical-pathologic cohort studies of aging and AD. the
Religious Orders Study (ROS) and the Rush Memory and Aging Project (MAP). we compared
odds of AD dementia proximate to death among participants with and without a history of cancer.
We then examined the relation of history of cancer with measures of AD pathology at autopsy. 1.e..
paired helical filament tau (PHFtau) neurofibrillary tangles and amyloid-f load.

Results—Participants reporting a history of cancer had significantly lower odds of AD (OR 0.70
[0.55-0.89]. p=0.0040) proximate to death as compared to participants reporting no prior history
of cancer. The results remained significant after adjusting for multiple nisk factors including age.
sex, race, education, and presence of an APOF o4 allele. At autopsy, participants with a listory of
cancer had sigmificantly fewer PHFtau tangles (p <= 0.001) than participants without a history of

cancer, but similar levels of amyloid-p.

Coneclusions—Cancer survivors have reduced odds of developing AD and a lower burden of
neurofibrillary tangle deposition.




Characteristics of the study participants

Table 1

No History of Cancer  History of Cancer P value
at Bazeline at Bazeline P value
No. 888 401
Apge at death [mean (5D)], ¥ EB.7 (6.6) 88.6(6.T) p=0.79
Duration of longitudinal follow up [mean (3D, v 6.9 4T 6.7 (4.6) p=0359
Sex [Mo. (%4)] p=0.99
Famale 580 (65.3%) 262 (65.3%)
Male 308 (34.7%) 139 (34.5%)
Years of formal education [mean [5DN], ¥ 16.3 (3.8) 16.5(3.5) p=027
Face [Mo. (Fo)] p=0.09
Non-Hispame, White 857 (96.5%) 394 (98.3%)
Hon-white or unknown 31 (3.5%) 7(1.8%)
=1 ApoE4 allele 237 (26.9%) 100 (25.3%) p=0.3535
AD dementia proximate to death 383 (43.9%) 139 (35.5%) *p=0.0053




Table 3

At brain autopsy, participants with a history of cancer had decreased expression nevrofibrillary tangles. but
similar rates of amyloid-f. as participants with no lustory of cancer

PHF tau tangles Amyloid-f plagues
Unadjusted analy=is Est=0.88, 5tdEr=022, p= 00001 Est=0.07, 5tdEr=10.12, p=1060
Model A
+Age, 8 Est=0.87 5tdEr=022, p= 00001 Est=006, 5tdEr=0.12, p=065
Model B

+education, race, and ApoE4  Est=082, StdEr=0.22, p=00002 Est=001, StdEr=0.12, p=0291




4. POSSIBILI IMPLICAZIONI PER LA
RICERCA IN SANITA’' PUBBLICA




Strengths and limitations of this study

» This study will involve a large sample of data
and has considerable power to detect even rela-

tively small effects, even under highly conserva-
tive Bonferroni corrections. For example, the
sample to assess the progression of dementia
contains 105471 patients and has a minimum

Open Access Protocol

BM) Open Can commonly prescribed drugs be
repurposed for the prevention or

treatment of Alzheimer’s and other detectable HR of 0.931.
neurodegenerative diseases? Protocol » We plan to use four different stafistical methods
for an observational cohort study in the in our analysis, which have different approaches
UK Clinical Practice Research Datalink for modelling confounding. By doing this, we
will be able to assess the merits of each method
Venexia M Walker,"2 Neil M Davies,’-? Tim Jones,® Patrick G Kehoe,* in the given situation in order to minimise

Richard M Martin'-2

confounding.

» Dementia is a heterogeneous outcome, and elec-
tronic codes used to define cases in primary
care may not be as accurate as cases in clinical
cohorts. We will undertake sensitivity analyses to
explore how this may affect our results.




Table 1 Comparison of the three cohort types
Cohort A Cohort B Cohort C
Purpose To investigate incidence by To investigate incidence by To investigate progression by
comparing treated and unireated comparing the different drug comparing treated and unireated
individuals. subclasses of each freatment. individuals.
Mumber of There will be three cohorts of this There will be three cohorts of this There will be three cohorts of
cohorts type, one for each treatment of type, one for each treatment of this type, one for each of
required interast. interest. dementia (AD or NADD), PD
arAeSe
Exposures Treatments for hypertension, Treatments for hypertension, Treatments for hypertension,
hypercholesterolaemia and type 2 hypercholesterolaemia and type 2 hypercholesterolaemia, and type
Start of Date at first sk of the condition the  Date of first prescription of a Date of first diagnosis of
follow-up treatment is used for or date of first  freatment of interest. neurodegenerative disease of
(index date) diagnosis of the condition itself if interest.
there was no preceding perod ‘at
risk’.
Qutcome Diagnosis of neurodegenerative Diagnosis of neurodegenerative Death.
disease of interest. disease of interest.
Exclusion Individuals with <12 consecutive Individuals prescribed freatment and Individuals with <12 consecutive
criteria months of records prior to cohort control medications at the same months of records prior to cohort
entry. time or with <12 consecutive entry.
months of records prior to cohort
entry.
Statistical Conventional regression, propensity  Conventional regression, propensity Conventional regression,
analysis score regression, instrumental score regression, instrumental propensity score regression and

variable analysis and marginal
structural models.

variable analysis and marginal
structural models.

marginal structural models.

AD, Alzheimer's disease; ALS, amyatrophic lateral sclerosis, NADD, Non-Alzheimer's disease dementias; PD, Parkinson's disease.




Box 1 The drug subclasses of interest for each treatment
group with the control treatments indicated
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OPINION

Drug repositioning for Alzheimer’s
disease

Anne Corbett, James Pickett, Alistair Burns, Jonathan Corcoran,
Stephen B. Dunnett, Paul Edison, Jim J. Hagan, Clive Holmes, Emma Jones,
Cornelius Katona, Ian Kearns, Patrick Kehoe, Amrit Mudher,

Anthony Passmore, Nicola Shepherd, Frank Walsh and Clive Ballard

Abstract | Existing drugs for Alzheimer’s disease provide symptomatic benefit for
up to 12 months, but there are no approved disease-modifying therapies. Given
the recent failures of various novel disease-modifying therapies in clinical trials,
a complementary strategy based on repositioning drugs that are approved for
other indications could be attractive. Indeed, a substantial body of preclinical work
indicates that several classes of such drugs have potentially beneficial effects on
Alzheimer’s-like brain pathology, and for some drugs the evidence is also supported

by epidemiological data or preliminary clinical trials. Here, we present a formal
consensus evaluation of these opportunities, based on a systematic review of

published literature. We highlight several compounds for which sufficient evidence

is available to encourage further investigation to clarify an optimal dose and
consider progression to clinical trials in patients with Alzheimer’s disease.




Table 2 | Priority candidate drugs for repositioning in Alzheimer's disease

Dirugs {or Proposed
drug classes) candidates
Angiotensin Valzartan
reosptor

blockers

(ARBs)

Caloium Mitrendipine,
channe| nimodipine
blockers and

nilvadipine

Proposed mechanism of
action

* [nhibition of
inflarmmation,
vasooonstriotion
and mitechondrial
dysfunotion, and
promotion of
acetyloholine rel=aze

* Direct blockade of
AT, or processing of

angiotensin |I®

* Reduction of AR
production, burden and
nu-urn-l:n:l-:iﬂi{'y'"'“

* Specific mechanizm
of action unclear but
differential effects
indicate a novel

mechanizm independent

of antihypertensive
propertiss

Summary of ewidence

= [n vitro and in vivo evidence of reduced AR
burden and improved cognitive function,

and some conflicting outcomes observed
with different drugs™*

* Extablizshed brain panetration®

* Zome epidemiclogical evidence for
reduction of incident dementia™"’

* Two out of three randomized controlled
trials showed some benefit with ARB
treatment compared to placebo™®

* [n vitro evidence of reduction of AR
pathology and improved cell survival,
with azsociated cognitive improvement
and reduction in disease pathology in vivo

in rodent and Drosophila melanogaster
maode 5+

* Established clinical evidence of benefit
in patients with dementia, but limited in
patients with Alzheimers disease

* [Mata-analysiz of randomized controlled

trials shows clinical benefit on cognition
in initial trials¥-**

Remaining work required

* Clarification of mechanism of
sction and the need to distinguish
direct effect of treatment from
indirect effects on blood pressure
and other cardiovasoular factors

* Clinical work reguired to link
evidenoe from preclinical work with
individual drugs

* Clarification of optimal dosage

* Confirmation of priority agent

* Proof-of-conoept study required in
patients with Alzheimers diease

* Preclinical work required to refine
mechanizm of action, obtain further
data on the effect on pathology and
optimize dose

* Clinical work nesded to identify
effect on Alzheimers dizsazs
pathology in humans

* Clarification of optimal dosage

* Confirmation of priority agent

* Proof-of-concapt shudy in patisnts
with Alzheimers disease

* Further clinical evidence required
to support risk reduction for
incident Alzhsimer's dizease™




GLP1

analogues

Tetracyoline
antibiotics

Retinoid
therapy

Lireglutide

Minooycline

Aoitretin

* Meuroproteotive
properties involving
GSE3R and tau
phosphorndation?®#

= Additional effects on
oxidative stress and

apoptotio pathwwsnys®

* Reduction of AP
aggregation, promotion
ot AP clearance
and reduction of
pro-inflammatory
miarkers

= Gpecific mechanizm of

motion unclear

* Direct effect on APP
processing mediated
b':l' R:l:.R.“‘

* Upregulation of
amyloid-clearing

EI'II!"I'“H"."-II“

* Anticocidant regulation™

= Extablished in witre evidence for reduction
of intracellular APP, AR and Fe?*-relatsd
neurodegeneration™

= [n vivo evidenos of improved synaptio
plasticity and cognitive function, and
reduced Alzheimers dissasze pathology®

* Extablished brain penetration®®

* Mo epidemiclogical or clinical evidence

* Phase |l trials underway

= [nvitra and in vivd evidence for efect on
Alzhsimers dize aze pathology and related
inflammatory merkers, including microglial
motivation, with coms aczociated benefit
to oognitive function, although thiz =
conflicting

= Banefit seen only with treatment lasting
longer than 28 dan=s""

= Mo olinicel evidenos but some promising
findings from studies in other neurclogicesl
coonditions™-10

* Extablished evidence suggesting that
impaired retinoic acid signalling meay lead
to Alzheimers dizeaze pathology'™

= [n vitre evidencoe for overall mechanistic
effect™

= [ viva evidenoe for reduction in
inflammation, "!"E buwrden and taw
phosphorylation with associated
cognitive bensfit, although studies are
canflictingM1e-19?

= Mo olinical data, baut Phase Il trial i

underway
= Significant safety concerns

= Clinical and/or epidemiological
evidenos nesdsd

= Clarification of optimal dosage

= Proof-of-conoept study in patisnts

with Alzhsimers dizsaze

= Clinical and/or epidemiological
evidenos nesdsd

= Clarification of optimal dozage

= Evidence of safetywith long-term
use

* Proof-of-concept study in patients

with Alzhsimer's dizeaze

* Further in Vv woork required to
clarify mechanizm of action and
effect on cognition and beheadiour

= Clinical evidenos

= Evidence of safetywith long-term

LISe

* Clarification of optimal dosage

A, amyloid-f; AFE amyloid precursor proteing AT, angiotensin il type 1 receptor; GLPL, glucegon-like peptide 1; GEKIR, ghycogen symthase kinases 3f; RXER,
retinoid X receptor




Table 3 | Ongoing trials in Alzheimer's disease related to priority candidates discussed in this article®

Drug Phase and

lecation
Acitretin |

Cermany
Ex=natide |

United States
Liraglutide Il

Denmark
Milvadipine il

Europe

Study description Status

15 day: of acitretin treatment (30 mgl in patients withmild ~ Recruiting’

to moderate Alzheimers disease; primary objective is to
mieasure the changes in APPsa levels in the C5F

Drug administered to patisnts with sarly Alzheimers Recruiting
dizease or MCI, with planned follow-up using sum of boxes
and ADAS-cog for 36 months fellowing treatment; MRI

and C5F biomarkers used as secondary measures

16 weeks of treatment with liraglutide (intravenously Recruiting
administered] or placebo in patients with mild Alzheimers
dizease; primary outcome is amyloid load measured by

UC-PB-PET imaging

15-month randomized placebo-controlled trial in 500 Finalizing
patients with Alzheimers disease aoross 183 European sites  protocol
(funded by the European Union)

Estimated
completion date
April 2011*

January 2013

June 2013

To be confirmed

ClinicalTrials.
gov identifier
MCTO1076165

MCT01255163

MNCT01469351

To be confirmed

C-Pi, *'C -labelled Fittsburgh compound B; ADAS-cog Alzheimers Dissase Assessment Soale-cognitive subscale; AFPsQ, secreted form of amyloid precursor
praotein [cleaved by @-secretaze); C5F, oerebraspinal Auid; MC, mild cognitive impairment; MRL magnetic resonance imaging; PET, positron emission tomagraphny
*Bazed on informeation in the ClinicalTrialz gov database; accessed October 2011 *Last verified in September 2010.




RESEARCH ARTICLE

AlzhCPI: A knowledge base for predicting
chemical-protein interactions towards
Alzheimer's disease
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Abstract

Alzheimer's disease (AD) is a complicated progressive neurodegeneration disorder. To con-
front AD, scientists are searching for multi-target-directed ligands (MTDLs) to delay disease
progression. The in silico prediction of chemical-protein interactions (CPI) can accelerate
target identification and drug discovery. Previously, we developed 100 binary classifiers to
predict the CPI for 25 key targets against AD using the multi-target gquantitative structure-
activity relationship (mt-QSAR) method. In this investigation, we aimed to apply the mt-
QSAR method to enlarge the model library to predict CPI towards AD. Another 104 binary
classifiers were further constructed to predict the CPI for 26 preclinical AD targets based on
the naive Bayesian (NB) and recursive partitioning (RP) algorithms. The intemal 5-fold
cross-validation and external test set validation were applied to evaluate the performance of
the training sets and test set, respectively. The area under the receiver operating character-
istic curve (ROC) for the test sets ranged from 0.629 to 1.0, with an average of 0.903. In
addition, we developed a web server named AlzhCPI to integrate the comprehensive infor-
mation of approximately 204 binary classifiers, which has potential applications in network
pharmacology and drug repositioning. AlzhCPI is available online at http://reidm.org/
AlzhCPl/index.html. To illustrate the applicability of AlzhCPI, the developed system was
employed for the systems phamacology-based investigation of shichangpu against AD to
enhance the understanding of the mechanisms of action of shichangpu from a holistic
perspective.
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Fig 2. Summary of 51 key targets in AlzhCPI.

Eis

La locuzione latina /in silico, comparsa di recente in letteratura scientifica, e usata per indicare
fenomeni di natura chimico biologica riprodotti in una simulazione matematica al computer,
invece che in provetta o in un essere vivente.


https://it.wikipedia.org/wiki/Locuzioni_latine
https://it.wikipedia.org/wiki/Lingua_latina

I'I'ahle 1. Detailed statistical description of the entire data set based on the multi-label classification strategy.

IEru:ndInE Gene Training set (ECFP2) Test set (ECFP2)
I Inhibitors decoys Total Tanimoto index Inhibitors decoys Total Tanimoto index
IHTHEA 2200 6600 8800 0.288 742 2206 2968 0.198
|ADDHA.EA 2360 7080 9440 0279 783 2349 3132 0.179
ICHHME 380 1140 1520 0.249 128 384 512 0.15
IF‘D E9A 110 330 440 0.114 33 99 132 0.046
IGHME 310 930 1240 0.28 106 318 424 0.234
IGHME 50 150 200 0.305 16 48 64 0.203
IMAF‘H[E 780 2340 320 0.192 266 798 1064 0.091
|MﬁPH9 330 990 1320 0.13 108 324 432 0.06
|MAF‘HI1D 510 1530 2040 0.183 174 522 696 0.056
|MAF‘HI14 40 120 160 0.181 19 57 76 0.171
|HSQDAA1 750 2250 3000 0215 248 744 992 0.1361
|F‘IN1 60 180 240 0.125 23 69 a2 0.0544
IMAF‘T 40 120 160 0.1125 12 36 48 0.0209
|F“TGSE 1760 5280 7040 0.542 583 1749 2332 0.164
INDSE 570 1710 2280 0.33 184 552 736 0.288
IMF"D 60 180 240 0.338 19 57 76 0.211
ICHLIH 120 360 480 0.173 41 123 164 0.098
|IH:E|.H:E|. 600 1800 2400 0.22 198 594 792 0.123
ITNF 560 1680 2240 0.184 192 576 768 0.083
IALD}HE 120 360 480 0.2 40 120 160 0.119
ICTSD 1250 3750 5000 0.246 423 1269 1692 0.093
|F"E:I K1 440 1320 1760 0.261 149 447 596 0.2
|HMGCH 600 1800 2400 0.233 199 597 796 0.136
|IDE 60 180 240 0.054 20 60 80 0.013
IF‘F‘AHG 1730 5190 6920 0.264 582 1746 2328 0171
51 290 870 1160 0.305 100 300 400 0.27




| Fig 3. Targets (A) and active compounds (B) classification within the entire data set in AlzhCPI. |

(A)

* Modulating neurotransmission (23) * Tau pathology approach (9)
* Ap-related treatment approaches (4) » Targeting intracellular signaling cascades (3)
* Anti-inflammatory approach (7) * Mitochondrial dysfunction (2)

= Metabolic dystunction approaches (3)

* Modulating neurotransmission (20,473) = Tau pathology approach (4,762)
* Ap-related treatment approaches (2,995) = Targeting intracellular signaling cascades (1,169)
* Anti-inflammatory approach (5,047) « Mitochondrial dysfunction (2,262)

= Metabolic dysfunction approaches (3,501)




5. CONCLUSIONI
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Much of Late Life Cognitive Decline
Is Not due to Common
Neurodegenerative Pathologies

Patricia A. Boyle, PhD,"* Robert S. Wilson, PhD, %3 Leai Yu, PhD,"*
Alasdair M. Barr, PhD,* William G. Honer, MDD,
Julie A, Schneider, MDD, "5 and Dawvid A. Bennett, MD "3

Results: Cognition declined a mean of about 0.11U per year (estimate = ~0.109, standard error [SE]=0.004,
p<0.001), with significant individual differences in rates of decline: the variance estimate for the individual slopes

Re

was 0.013 (SE=0.112, p<0.001). In separate analyses, global Alzheimer pathology, amyloid, tangles, macroscopic
infarcts, and neocortca Lewy bodies were associated with faster rates of decline and explained 22%, 6%, 34%, 2%,

and B% of the variation in decline, respectively. When analyzed simultaneously, the pathologic indices accounted for
a total of 41% of the variation in decline, and the majority remained unexplained. Furthermore, in random change




Participants

Participants came from two clinical-pathologic cohort studies of aging and dementia: the
Religious Orders Study and the Memory and Aging ije::-t“”’- The Religious Orders

Study began in 1994 and involves older Catholic nuns, priests, and monks recruited from

more than 40 groups actoss the United States. The Rush Memory and Aging Project began
n 1997 and involves older lay persons recruited from retirement communities, subsidized
housing factlities, and social service agencies in the Chicago metropolitan area. Persons i
both studies agreed to annual climcal evaluations and brain autopsy at death. Written
nformed consent was obtained in each study after procedures were fully explamed, and both
studigs were approved by the Institutional Review Board of Rush University Medical

Center. The follow up participation rates for both studies exceed 93% of survivors and

autopsy rates exceed 80%. At the time of these analyses, data were available from 836

deceased persons with at least 2 cogmitive evaluations (mean number of annual
evaluations=7.3, SDe3.8, range: 2-18 years), notably, more than 80% of the persons

Total variance explained: 4

'E B! ag - Jﬂ)u
CWVD: 1-3%
LED: 4-8%

@ogniti\m decline: ESD

Figure 3.
Variation in cognitive decline explained by the pathologic indices (grev) and the residual,
unexplained variation in cognitive decline (white) derived from fully adjusted models.

included in these analyses had 4 or more cognitive assessments, bout 60% had 3 or more,
and about 23% had more than 9 assessments.
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BANDO AIFA 2017
PER LA RICERCA INDIPENDENTE 5UI1 FARMACI

AGEMZIA ITALIANA DEL FARMACO

Assegnazione di finanziamento per la ricerca indipendente sui farmaci ai sensi dell"articolo 48, commi 5,
lettera g), & 19 lett b), del decreto-legge 30 settembre 2003, n. 269, convertito nella legge 24 novembre
2003, n. 326.

Finalita e caratteristiche generali

L'Agenzia Italiana del Farmaco, d'ora in poi denominata AIFA, nell’ambito della promozione della ricerca
indipendente sui farmaci, finanziata ai sensi dell’art. 48, comma 19, lett.b) della legge n. 326/2003, intende
promuovere ricerche volte a generare evidenze nuove, con potenziali ricadute sul sistema sanitario italiano,
con riferimento specifico alle seguenti aree tematiche considerate di rilevante interesse:

*  malattie rare;

*  malattie pediatriche;

*  medicina di genere;

# sicurezza ed efficacia dei farmaci nelle popolazioni anziana e ultra-anziana;

* resistenza agli antimicrobici




Struttura di Missione Temporanea Interdipartimentale

DEMENZA: Prevenzione e percorsi assistenziali, ricerca, diagnosi e terapia

Proponente: Daniela Merlo

Dipartimento di Nenroscienze

Dipartimenti e Centri coinvolti Direttore Firma
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PROMUOVERE E SOSTENERE LA RICERCA
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