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Abstract

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.

Methods: Using Surveillance, Epidemiology, and End Results-Medicare linked data
(1992-2005) of adults > 65 years, we assessed PD risk after cancer comparing PD in
743 779 cancer patients with PD in a non-cancer group (n = 419 432) in prospective co-
hort analyses. We also conducted a case-control study of 836 947 cancer cases and
142 869 controls to assess cancer following 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
visits 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 PD [HR =0.97;
95% confidence interval (Cl) = 0.92-1.01] nor between cancer and subsequent automobile
injuries (HR =1.03; 95% CI =0.98-1.07). One site, lung cancer, was associated with subse-
quent reduced PD, which may reflect confounding by smoking. In the case-control ana-
lysis, PD was associated with reduced subsequent cancer, overall (OR=0.77; 95%
Cl=0.71-0.82) and for several cancer sites. However, the automobile injury/ subsequent
cancer association was similar (OR=0.83; 95% Cl=0.78-0.88), suggesting a cancer de-
tection bias after serious health outcomes.

Conclusions: In totality, our data do not support a biological relationship between PD
and cancer.
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Key Messages

uncertain.

Parkinson’s disease.

cancer.

* Several previous epidemiological studies reported reduced risks of cancer after Parkinson’s disease and vice versa.
* Whether these inverse associations reflect biological processes rather than methodological limitations remains

In this large study using Surveillance, Epidemiology, and End Results-Medicare linked data that comprise about one-

quarter of the elderly US population, there was no association between cancer and a subsequent diagnosis of

* The odds of a cancer diagnosis preceded by Parkinson’s disease was reduced by 23%, similar to the odds of cancer

preceded by automobile accident injuries, although automobile injuries are unlikely to be biologically related to

* These associations with subsequent cancer are consistent with a bias in ascertaining cancer after serious medical

conditions, and provide little support for a biological relationship between cancer and Parkinson’s disease.

Introduction

Several studies suggest that cancer risk is lower after a

Parkinson’s disease (PD) diagnosis'™® and that PD risk is

3,7-9

lower after a cancer diagnosis, although one study

found most cancers increased after PD.'? An inverse rela-

tionship is evident for smoking-related can-
cers, 21112

most
although studies with many inverse findings
also observe higher risks for melanoma both occurring be-
fore” and after a PD diagnosis."™>° There is substantial
interest in whether cancer and PD are biologically related
or whether these associations reflect methodological biases
or uncontrolled confounding.

Determining relationships among diseases of ageing,
such as cancer and PD, is challenging. There may be ascer-
tainment biases due to reduced cancer screening/testing
after diagnosing PD, especially in the elderly, disabled or
cognitively impaired."*™"> Only one study” accounted for
the intensity of medical surveillance after a PD diagnosis,
which may influence ascertaining subsequent disease. In
addition, disease order may matter, which highlights the
importance of assessing risk in both temporal directions.
Further, examining relationships for specific cancer sites
requires a large population.

To evaluate PD/cancer relationships and address poten-
tial biases, we analysed data from Medicare patients resid-
ing  within  the  population-based  Surveillance,
Epidemiology and End-Results (SEER) Program registry
areas. We estimated hazard ratios (HRs) for incident PD
after cancer using a prospective design, and estimated odds
ratios (ORs) of cancer after prevalent PD using a case-con-
trol design.

Methods

This study used the SEER-Medicare linked database. The
SEER registries cover about one-fourth of the US popula-
tion.'® Medicare is a federal health insurance programme
for those aged > 65 years. The SEER-Medicare dataset
links demographic and clinical information on SEER can-
cer cases/patients with Medicare claims.'® Also included
are Medicare claims on a 5% random beneficiary sample
in SEER areas; thus the database represents the Medicare

population in SEER areas."”

Study design and cancer case and control/non-
cancer comparison group selection

The SEER-Medicare dataset was used for: (i) a cancer case-
control study of the odds of PD preceding cancer; and (ii) a
cohort study of cancer and subsequent PD risk.

In the case-control study cancer cases were SEER pa-
tients with a first primary malignancy (1992-2005) in a
SEER region. Cases were included if they had at least 13
months of Medicare coverage (Parts A and B and no health
maintenance organization (HMO) participation) before
cancer diagnosis, to ensure time to diagnose PD before the
cancer diagnosis. HMO coverage was excluded because
Medicare does not obtain HMO claims.'” At diagnosis,
cases were ages 66 through 84, because cancers may be
under-ascertained in the oldest elderly.'® Cases were also
excluded if diagnosed only by autopsy or death certificate.
Total cancer cases were N = 836 947 (Figure 1).

In the case-control analysis, controls were selected from
the 5% Medicare sample in SEER areas (1992-2005) and
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Cancer Group
Cancersdiagnosed in SEER regions,1992-
2005, ages 66-<85 who had 213 mos.
Medicare (non-HMO) coverage,
N=836,947

Core {

Core

Medicare Group
All persons from a 5% random Medicare
sample in SEER regions (1992-2005), ages
66-<85, excluding 1% primary cancer <age
66, N=604,719

Exclude cancers
diagnosed = age
84 or with
previous PD

|

Cancer Cases for Cancer population
Case-Control Study for Cohort Study
N=836,947 N=743,779

v

Frequency
matched on age,
sex, calendar
year of selection
for persons with
213 mos.
Medicare (non-HMO)
coverage and no
cancer

7

Controls for Case-
Control Study
N=200,000*

!

Exclude agez 84,
with previous
PD, or <13 mos.
Medicare (non-HMO)
coverage

!

Comparison
population forthe
Cohort Study
N=419,432

* Unique individuals =142,869. Selection is possible for multiple years.

Figure 1. Flowchart of cancer and non-cancer groups.

restricted to those aged 66 through 84 years, N = 604 719.
Controls were frequency-matched to cancer cases by sex,
age (S-year categories) and calendar year of selection if
they had > 13 months of previous Part A/Part B/non-
HMO Medicare coverage and no cancer at selection.
Additional details are presented in Engels ez al.'” A total of
200 000 controls (sampled with replacements) were fre-
quency matched, resulting in N = 142 869 individual con-
trols (Figure 1).

In the cohort study (PD after cancer), cancer patients
were the same as cancer cases described above, minus those
diagnosed at age 84 or older (to allow follow-up until age
85); and minus those diagnosed with PD before cancer, for
a total of N = 743 779 cancer patients (Figure 1).

Subjects in the 5% random sample selected during the
1992-2005 period were eligible to be part of the non-can-
cer comparison group in the cohort study if at selection
they were ages 66-<84 years, had > 13 months of
Medicare coverage (Parts A/B/no HMO), with no cancer
or PD: N =419 432 (Figure 1).

In both study designs, cancer sites were classified using
the SEER ‘site recode with Kaposi sarcoma and mesotheli-
oma’ variable according to International Classification of
Diseases for Oncology (third edition, ICD-O-3). Cancers
were also grouped into smoking-related and other can-
cers because of a strong inverse PD relationship with

1,247 which included cancers of

smoking-related cancers,
the oral cavity/pharynx, lip, pancreas, lung/bronchus, lar-
ynx, cervix, kidney/ renal pelvis, bladder, oesophagus and

stomach.'®

Ascertainment of PD

PD was based on ICD-9 code 332.0 in Medicare claims. A
person was considered diagnosed with PD if there was one
hospital or two physician/outpatient PD claims at least 30
days apart (because hospital claims are more thoroughly
audited),’” a method for ascertaining disease similar to
that used for other SEER-Medicare studies.'”"’

Statistical analyses

In the cohort analysis, we compared PD incidence in can-
cer patients with PD incidence in individuals without can-
cer. Follow-up began at cancer diagnosis or selection age
(for the comparison group) and ended at the earliest age of
PD diagnosis, discontinued Part B coverage, HMO trans-
fer, death, cancer diagnosis (for the comparison group), at-
taining age 85 or 31 December 2005. We used Cox
proportional hazards models with age as the time scale to
estimate HRs and 95% confidence intervals (Cls) of PD
associated with cancer.
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In the case-control analyses, we compared the PD
prevalence in cancer cases and controls using uncondi-
tional logistic regression models to estimate ORs and 95%
CIs. We accounted for the control selection at multiple
times and the use of controls who became cases in the vari-

ance calculation.!”

Common elements to both designs

We assessed associations stratified by sex, race/ethnicity
and age at time of selection (66—< 70; 70-< 79; 80-< 85
years), and separately for specific cancer sites and smok-
ing-related and other cancers. Associations by age strata
for selected cancer sites are also presented. We limited can-
cer-site specific analyses to sites with at least 20 PD cases.

All models were adjusted for: sex, race/ethnicity, age (as
the time metric in cohort models; in 5-year groups in the
case-control models), cancer registry (due to differences in
background incidences) and frequency of physician visits.
For cohort models, the baseline hazard was also stratified
on birth year (to account for secular trends in, e.g., diag-
nostic practices), and case-control analyses were adjusted
for year of selection (1992-94, 1995-98, 1999-2005).

The first PD claim date was treated as the diagnosis
date. PD risks were analysed across time intervals: < 1
year; 1-< 5 years; 5-< 10 years; and 0-< 10 years after
cancer (prospective cohort study); and < 1 year; 1-< 5
years; and 0—< 5 years before cancer (case-control study)
because some claims were limited to 5 years.!” Also, be-
cause patients with serious disease often receive heightened
medical surveillance, we adjusted for physician visit fre-
quency. In the cohort analyses, physician visits were
counted during 6-month intervals between the selection
and censor dates and, in the case-control analyses, we ad-
justed for the average number of visits across all intervals
(both analyses excluding the first and last interval.) Claims
by physicians with limited responsibility for direct patient
care (i.e. radiologists, anaesthesiologists, pathologists)
were excluded.

Studies of cancer associated with automobile
accident injuries

To evaluate ascertainment bias, we examined the relation-
ship between cancer and automobile accident injuries
(ICD-9 E810-819) occurring both before and after cancer.
We expected no associations because we were unable to
suggest a plausible hypothesis biologically relating auto-
mobile injuries to cancer. We also examined the risk of
prostate and breast cancer after automobile accidents, two
cancers on which potential confounding by smoking or al-
cohol would have little impact. As an acute injury,

automobile injury claims were based on one medical visit.
In prospective cohort analyses of cancer followed by auto-
mobile injuries, cancer patients were excluded if they had
previous automobile injuries. In other respects, the ana-
lyses followed the models for cancer and PD.

We applied the Bonferroni correction to account for
multiple comparisons when interpreting results of all the
sub-groups and site-specific cancers for the 0-10 year fol-
low-up period in the cohort analysis and thus used a cor-
of P<0.0019 as a threshold for
associations. P-values were based on two-sided tests. All
analyses used SAS (Version 9.2, SAS Institute, Inc., Cary,
NC). This study was exempted by the National Institutes
of Health (NIH) Office of Human Subjects Research from
institutional board approval.

rected P-value

Results

Prospective cohort study of PD after cancer

The characteristics of the 743 779 cancer patients and 419
432 persons in the comparison group in the cohort analysis
are presented in Table 1a. The cancer patients were more
likely to be older, male and selected later, but the racial/
ethnicity distributions were similar. There were 2.1 million
person-years of follow-up (average 2.8 years) in the cancer
patients and 2.4 million (average 5.8 years), in the com-
parison group.

Overall there was no association with PD within 10
years after cancer diagnosis (HR=0.97; 95% CI=0.92-
1.01); Table 2; Supplementary Tables 1 and 2, for un-
adjusted HRs, and age-specific incidence rates in cancer
patients and the comparison groups, respectively, available
as Supplementary data at IJE online). There were slight in-
verse associations between cancer and subsequent PD in
men and in those aged between 70 and 84 years at base-
line; however, these associations did not withstand mul-
tiple testing corrections. The associations for selected
cancers (i.e. breast and prostate cancer, and melanoma)
were similar across age groups (Supplementary Table 3a,
available as Supplementary data at IJE online).

In the first year after a cancer diagnosis, risk of PD diag-
nosis was elevated for total cancer and all subgroups other
than men and non-Whites (Table 2). In years 1 through 5
after cancer diagnosis, HRs for PD were lower, but after 5
years, HRs were typically closer to one (Table 2).

Of the 18 specific cancer sites examined for subsequent
PD risk, associations were null for 13 sites and for the
group of non-smoking related cancers. Sites with inverse
associations within 10 years of the cancer diagnosis
included two key smoking-related cancer sites: lung and
bronchus (HR=0.81; 95% CI=0.72-0.92), and larynx
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Table 1a. Characteristics of cancer patients and non-cancer
comparison group in prospective cohort analysis of

Parkinson’s disease following cancer

Table 1b. Characteristics of cancer cases and non-cancer con-

trol group in retrospective case-control analysis of

Parkinson’s disease (PD) before cancer

Cancer patients Comparison group

Cancer cases Control group

(N =743779) (N =419432) (N =836947) (N =142869)
Age® at baseline in years, (%) Age® in years, 7 (%)
66—< 70 23.1% 64.7% 66—< 70 27.0% 27.9%
70-< 80 59.8% 29.6% 70-< 80 55.2% 54.7%
80-< 85 17.1% 5.7% 80-< 85 17.9% 17.4%
Median age 74 67 Median age 74 74
Sex, n (%) Sex, n (%)
Male 55.1% 41.5% Male 54.5% 54.8%
Female 44.9% 58.5% Female 45.5% 45.2%
Selection year, 7 (%) Selection year, 7 (%)
1992-94 17.7% 57.9% 1992-94 17.4% 17.2%
1995-98 20.2% 14.9% 1995-98 20.2% 20.0%
1999-2005 62.1% 27.2% 1999-2005 62.4% 62.8%
Race/ethnicity, 7 (%) Race/ethnicity, 7 (%)
White 86.0% 83.6% White 86.1% 84.3%
Non-White 14.0% 16.4% Non-white 13.9% 15.7%
Black 7.8% 7.7% Black 7.8% 6.7%
Asian 2.5% 3.5% Asian 2.5% 3.9%
Hispanic 1.4% 2.4% Hispanic 1.4% 2.4%
Native American Indian 0.2% 0.3% Native American Indian 0.2% 0.4%
Other/unknown 2.0% 2.6% Other/unknown 2.0% 2.3%
Person-years 2109511 2435783

(HR=0.68; 95% CI=0.49-0.93), as well as the group of
smoking-related cancer sites (HR =0.91; 95% CI=0.85-
0.99). Of these, only the association with lung and bron-
chus cancer withstood multiple comparisons correction
(Table 2).

In addition, there were nominal inverse associations
with PD after prostate (HR =0.92; 95% CI=0.86-0.99)
and ovarian cancer (HR =0.65; 95% CI=0.46-0.93) and
a positive association with cervical cancer (HR =1.66;
95% CI=1.09-2.52), none of which withstood multiple
comparisons correction. PD was not related to melanoma
(HR=1.12; 95% CI=0.95-1.31). There was also no rela-
tionship between cancer and subsequent automobile inju-
ries (the negative control; HR =1.03; 95% CI 0.98-1.07;
Table 3; Supplementary Table 1 for unadjusted HRs).

Case-control study of PD before cancer

Table 1b presents the characteristics of the 836 947 cancer
cases and 142 869 frequency-matched controls. There
were no substantial differences between the cancer cases
and controls for the matching variables (age, sex, selection
year), nor for race/ethnicity.

Overall there was an inverse relationship between can-
cer and PD (OR=0.77; 95% CI=0.71-0.82; Table 4;

?For cancer patients/cases, age is based on age at cancer diagnosis; for the
comparison group/controls, age is based on age at selection as a control.

Supplementary Table 1 for unadjusted HRs). The inverse
relationship was observed in men, women and Whites, but
not in non-Whites. Inverse associations were seen in all age
groups and there was no heterogeneity in associations by
age strata (data not shown). Also, associations were not
heterogeneous by age strata for breast cancer, prostate can-
cer and melanoma (Supplementary Table 3b).

An inverse association with a previous PD diagnosis was
observed for most specific cancer sites (Table 4). Among the
lowest ORs were PD before cancers of the larynx
(OR=0.48; 95% CI=0.32-0.70), thyroid (OR=0.53;
95% CI=0.33-0.83), prostate (OR =0.55; 95% CI=0.49-
0.61) and ovary (OR=0.67; 95% CI=10.50-0.89). Having
had a previous PD diagnosis was associated with a lower OR
for both smoking-related and non-smoking-related cancers
to a similar extent (OR =0.74 vs 0.77, respectively). There
were no associations with cervical cancer or melanoma.

The above results should be interpreted with care, as
there was also an inverse association between automobile
injuries and subsequent overall cancer risk (OR=0.83;
95% CI=0.78-0.88; Table 3; Supplementary Table 1 for
unadjusted ORs), as well as inverse associations between
automobile accidents and prostate cancer (OR=0.81;
95% CI=0.72-0.91) and breast cancer (0.86; 95%
CI=0.75-0.97).
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Table 2. Hazard ratio (HR) for Parkinson’s disease (PD) after first primary cancer diagnosis, 1992-2005.% P-values are not ad-
justed for multiple testing in the table

< 1-year 1-< S-year 5-< 10-year 0-< 10-year follow-up

follow-up follow-up follow-up

HR 95% CI HR 95%CI HR 95% CI Comparison  Cancer HR 95% CI
group patients

PD cases (n)® PD cases ()"

Overall 1.15 0.96-1.37 0.83 0.77-0.91 0.93 0.85-1.03 5105 5893 0.97 0.92-1.01
Sex

Men 0.97 0.77-1.22 0.83 0.74-0.92. 0.92 0.81-1.04 2506 3878 0.93 0.87-0.99

Women 1.44 1.09-1.90 0.84 0.73-0.97 0.94 0.80-1.09 2599 2015 1.01  0.94-1.09
Race

White 1.19 0.98-1.45 0.84 0.77-0.92 0.92 0.83-1.01 4451 5263 0.97 0.92-1.02

Non-White 0.93 0.59-1.44 0.82 0.65-1.03 1.15 0.88-1.50 654 630 0.95 0.84-1.09
Age at cancer diagnosis, (years)

66-< 70 1.54 1.14-2.07 0.82 0.72-0.96 0.95 0.82-1.10 2390 1079 0.98 0.90-1.07

70-< 80 1.04 0.84-1.28 0.81 0.73-0.89 0.86 0.77-0.96 4438 3978 0.94  0.89-0.99

80-< 84 1.01 0.77-1.33 0.82 0.73-0.92  —° =€ 1807 836 0.90 0.82-0.99
Smoking-related cancers® 1.14 0.88-1.48 0.76 0.66-0.88 0.95 0.80-1.15 5105 1117 0.91 0.85-0.9
Non smoking-related cancers®  1.14 0.94-1.38 0.84 0.77-0.92 0.92 0.84-1.02 5105 4776 0.97 0.92-1.02
Individual cancer sites
Oral cavity! 0.86 0.14-1.69 0.77 0.50-1.19 1.14 0.63-2.06 5105 55 0.86 0.66-1.13
Oesophageal 1.02 0.49-2.16 0.87 0.46-1.64 0.89 0.21-3.74 5105 30 1.11  077-1.60
Stomach 1.57 0.90-2.73 0.60 0.36-0.98 1.0  0.48-2.05 5105 58 0.93 0.71-1.22
Colon 1.26 0.89-1.77 0.84 0.71-1.01 0.91 0.71-1.15 5105 556 0.94 0.85-1.04
Rectum® 1.02 0.63-1.66 0.77 0.60-1.00 0.92 0.63-1.33 5105 190 0.88 0.75-1.03
Pancreas 0.97 0.53-1.80 0.33 0.12-0.91 - - 5105 24 0.76 0.51-1.15
Larynx 0.68 0.30-1.51 0.65 0.41-1.02 0.50 0.22-1.13 5105 42 0.68 0.49-0.93
Lung and bronchus 0.96 0.69-1.35 0.63 0.50-0.79 1.20 0.88-1.64 5105 330 0.81  0.72-0.92
Melanoma” 1.29 0.74-2.24 1.07 0.81-1.42 1.09 0.75-1.57 4451 189 112 0.95-1.31
Breast (female) 1.25 0.84-1.86 0.91 0.76-1.09 0.85 0.69-1.05 2599 801 1.01 0.91-1.11
Cervix 2.94 1.06-8.11 1.36 0.66-2.80 191 0.78-4.69 2599 23 1.66  1.09-2.52)
Uterus' 2.33 1.38-3.92 0.93 0.67-1.28 0.89 0.60-1.31 2599 152 1.04 0.87-1.24
Ovary 1.52 0.70-3.32 0.46 0.26-0.84 0.32 0.08-1.28 2599 34 0.65 0.46-0.93
Prostate 0.85 0.64-1.14 0.82 0.73-0.93 0.93 0.81-1.07 2506 2146 0.92 0.86-0.99
Urinary bladder 1.25 0.86-1.84 0.83 0.68-1.02 0.83 0.63-1.09 5105 404 0.95 0.85-1.07
Kidney/renal pelvis 1.15 0.68-1.97 0.87 0.64-1.18 1.11 0.74-1.67 5105 134 1.01 0.84-1.21
Thyroid 0.86 0.32-2.32 0.62 0.34-1.11 0.88 0.39-1.98 5105 29 0.83 0.57-1.21
Leukaemia 1.07 0.61-1.88 0.80 0.58-1.11 0.81 0.46-1.43 5105 109 0.96 0.78-1.17

Models have been adjusted for race, sex and number of doctors’ visits, stratified on birth year and cancer registry area, except that sex was not adjusted for in
the subpopulation based on sex, nor race in the subpopulation defined by race. There were a total of 743 779 cancer patients and 419 432 persons in the compari-
son population. Data source is SEER-Medicare. Cancers were classified by using the ‘SEER site recode with Kaposi sarcoma and mesothelioma’. Refer to [http:/
seer.cancer.gov] and for details, see site recode ICD-O-3.

"Number of PD diagnoses in cancer patients/comparison group.

For this age group, follow-up was less than 5 years.

dSmoking-related cancers include oral cavity, phyarynx, lip, pancreas, lung and bronchus, larynx, cervix, kidney and renal pelvis, bladder, oesophagus and
stomach.

“Non smoking-related cancers include all cancers other than smoking-related cancers.

fIncludes tongue, floor of mouth, gum and mouth, tonsil, oropharynx, hypopharynx.

Includes rectum and rectosigmoid junction.

"Only Whites.

"Includes corpus uteri and uterus, not otherwise specified.

IP-values for the associations between the overall cancer groups and specific cancer sites with PD (for 0—< 10 years) (before multiple comparison corrections)
varied between P = 0.01 and 0.03, except for lung and bronchus cancer, for which the P-value was 0.0009. After correcting for multiple comparisons [ = 27
comparisons, based on all associations for 0-< 10 years, other than the overall population (e.g. men, Whites, oral cavity cancer)], none of the associations with-
stood multiple comparisons except for lung and bronchus cancer (P-value = 0.024).
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Table 3. Relationship between cancer before and after injuries due to automobile accidents?
HRs of injuries due to automobile accidents after cancer

< 1-year follow-up 1-< S-years follow-up 5-< 10-years follow-up ~ 0-< 10-years follow-up

Automobile accident injury cases
HR 95% CI HR 95% CI 95% CI Comparison Cancer HR 95% CI
group® patients®

Overall 1.08 0.91-1.27 0.96 0.89-1.04 0.88-1.08 6746 6236 1.03 0.98-1.07
ORs of previous injuries due to automobile accidents in individuals diagnosed with cancer”

< 1 year prior to cancer ~ 1-< § years prior to cancer 0-< 5 years prior to cancer

OR 95% CI OR 95% CI Controls® Cancer cases® OR  95% CI
Overall 0.86 0.76-0.96 0.81 0.76-0.87 1519 8403 0.83 0.78-0.88

“Models have been adjusted for race, sex and number of doctors’ visits, stratified on birth year and cancer registry area. The study populations of the cancer

cohort and comparison cohort both excluded subjects with claims prior to baseline for auto accidents based on Medicare claims. Data source is SEER-Medicare.

"Models have been adjusted for age, race, sex, number of doctors’ visits, cancer registry area and selection years. Data source is SEER-Medicare.

“Number of cancer cases/controls with automobile accident injuries.

Discussion

We undertook two population-based SEER-Medicare stud-
ies: a prospective cohort study of the relationship between
cancer and subsequent PD risk, and a case-control study of
cancer compared with non-cancer controls and previous
PD. We also analysed the associations between automobile
accident injuries and cancer, because car accidents are un-
likely to affect cancer risk biologically in either direction.
Overall cancer was unrelated to subsequent PD diagnosis.
That cancer was unrelated to subsequent automobile inju-
ries supports the validity of our prospective analysis. In
analysing PD risk after cancer at specific sites, we did ob-
serve an inverse association for PD after lung/bronchus
cancer, but not for other sites (after correcting for multiple
comparisons). In addition, when we examined associations
with overall and specific cancers, we saw similar null asso-
ciations across age strata, further supporting the lack of as-
sociation between cancers and PD.

In contrast, in the case-control analyses, PD was in-
versely related to subsequent overall cancer, cancer in most
demographic groups, as well as to both smoking and non-
smoking-related cancers. Notably, however, automobile
injuries, the negative comparison control, were also
reduced before cancer, nearly to the same degree. The use
of a negative comparison control such as automobile acci-
dents is important, as screening or diagnostic tests may be
scheduled less frequently for persons disabled from PD (or
accidents). This may especially apply to persons in nursing
homes.”” That other studies of PD and cancer did not in-
clude negative comparison controls limits interpreting the
associations observed, both the inverse findings'~*%%11:12
and a recent study'® which found adverse associations

between PD and cancers in Taiwan, as health care systems
may vary widely in the aggressiveness with which cancer
screening and medical work-ups are pursued in those al-
ready confronting a medically debilitating condition. Thus,
our findings of reduced risk of cancer after both automo-
bile accidents and PD are consistent with under-ascertain-
ment of cancer after at least some unrelated health
outcomes.

Unmeasured confounders, e.g. smoking and alcohol,
could potentially account for the reduced cancer risk after
automobile accidents that we observed. Yet, as noted, we
see inverse relationships between automobile accidents and
both prostate and breast cancer, two cancer sites not
strongly associated with smoking and alcohol. The only
hypothetical confounders that would contribute to a lower
cancer risk after automobile accident injuries would be un-
measured confounders that were positively related to can-
cer and negatively related to automobile accidents or vice
versa. We cannot think of a factor that meets this constel-
lation of conditions. Therefore, although we observed sev-
eral inverse associations of PD with cancer, as did most

1-4,8,9,11,12 .
891112 1nder-ascertainment of cancer

previous studies,
after PD and after automobile accidents is a plausible ex-
planation for the inverse associations observed.

The same ascertainment bias is less likely to occur for
studies of PD risk or automobile injuries following cancer
diagnosis. Automobile injuries often require immediate
medical attention, regardless of cancer history. PD, al-
though a chronic disease, is diagnosed based on motor
abnormalities (i.e. rigidity, tremor, balance problems) that

21,22

are visible to clinicians without requiring burdensome

or invasive tests.
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Table 4. Odds ratio (OR) of a previous Parkinson’s disease (PD) diagnosis in cancer cases compared with non-cancer controls,
1992-2005°

< 1 year prior to cancer 1-< 5 years prior to cancer 0-< § years prior to cancer

OR 95% CI OR 95% CI Controls  Cancer cases OR  95% CI
(m)° (m)°

Overall 0.84 0.74-0.94 0.74 0.68-0.81 1165 5829 0.77 0.71-0.82
Sex

Men 0.73 0.63-0.85 0.70 0.63-0.78 721 3442 0.70  0.64-0.77

Women 1.08 0.87-1.33 0.80 0.71-0.92 444 2387 0.87 0.78-0.98
Race

White 0.81 0.71-0.92 0.72 0.66-0.78 1036 5151 0.74  0.69-0.80

Non-White 1.02 0.73-1.42 1.00 0.76-1.31 129 678 0.99 0.79-1.24
Age at cancer diagnosis (years)

66-< 70 0.82 0.57-1.18 0.55 0.42-0.73 112 475 0.64 0.51-0.81

70-< 80 0.83 0.70-0.97 0.75 0.68-0.84 644 3328 0.77  0.70-0.85

80-< 85 0.85 0.69-1.05 0.77 0.67-0.88 409 2026 0.79  0.70-0.89
Smoking-related cancers® 0.82 0.71-0.95 0.71 0.64-0.78 1165 1827 0.74 0.68-0.81
Nonsmoking-related cancers? 0.83 0.74-0.94 0.75 0.69-0.82 1165 4002 0.77 0.72-0.83
Individual cancer sites
Oral cavity® 0.55 0.33-0.93 0.84 0.63-1.13 1165 66 0.77  0.59-0.99
Oesophageal 0.72 0.45-1.15 0.68 0.49-0.94 1165 55 0.67 0.51-0.89
Stomach 1.07 0.79-1.45 0.75 0.59-0.95 1165 129 0.84 0.70-1.02
Colon 1.10 0.93-1.31 0.83 0.73-0.94 1165 677 0.91 0.82-1.01
Rectum! 0.60 0.43-0.82 0.63 0.51-0.77 1165 149 0.63 0.53-0.75
Pancreas 0.95 0.72-1.25 0.80 0.66-0.98 1165 191 0.84 0.71-1.00
Larynx 0.50 0.26-0.97 0.45 0.28-0.72 1165 28 0.48 0.32-0.70
Lung and bronchus 0.76 0.64-0.90 0.66 0.59-0.74 1165 836 0.69 0.62-0.76
Melanoma® 0.95 0.72-1.25 1.10 0.91-1.31 1036 205 1.03  0.88-1.21
Breast (female) 0.88 0.68-1.14 0.83 0.71-0.96 444 561 0.84 0.73-0.96
Cervix 1.06 0.43-2.60 1.02 0.60-1.73 444 20 1.05 0.67-1.66
Uterus” 0.91 0.60-1.36 0.73 0.57-0.95 444 102 0.75 0.59-0.94
Ovary 0.98 0.62-1.53 0.53 0.37-0.77 444 56 0.67 0.50-0.89
Prostate 0.56 0.47-0.67 0.55 0.48-0.62 721 951 0.55 0.49-0.61
Urinary bladder 0.67 0.53-0.86 0.69 0.59-0.81 1165 334 0.68 0.59-0.78
Kidney/renal pelvis 0.98 0.73-1.33 0.69 0.54-0.87 1165 146 0.79 0.66-0.96
Thyroid 0.71 0.35-1.44 0.50 0.29-0.87 1165 20 0.53 0.33-0.83
Leukaemia 0.89 0.66-1.19 0.77 0.62-0.95 1165 174 0.80 0.68-0.96

Models have been adjusted for age, race, sex, number of doctors’ visits, cancer registry area and selection years, except that sex was not adjusted for in the sub-
population based on sex, nor race in the subpopulation defined by race. There were a total of 836 947 cancer patients and 142 869 persons in the comparison
population. Data source is SEER-Medicare. Cancers were classified by using the ‘SEER site recode with Kaposi sarcoma and mesothelioma’. Refer to [http:/
seer.cancer.gov] and for details, see site recode ICD-O-3.

"Number of PD cases in cancer cases/controls.

“Smoking-related cancers include oral cavity and pharynx, lip, pancreas, lung and bronchus, larynx, cervix, kidney and renal pelvis, bladder, oesophagus, and
stomach.

9Nonsmoking-related cancers include all cancers other than smoking-related cancers.

“Includes tongue, floor of mouth, gum and mouth, tonsil, oropharynx, hypopharynx.

fIncludes rectum and rectosigmoid junction.

£0nly Whites.

"Includes corpus uteri and uterus, not otherwise specified.

The relationship of prostate cancer and PD risk illus-
trates the asymmetry of the ascertainment bias. Screening
tests [i.e. prostate-specific antigen (PSA)], have contributed
to prostate cancer being among the most common solid
cancers diagnosed and treated.”® Ascertainment bias could
lead to reduced prostate cancer screening/testing in PD and

accident patients compared with those without these con-
ditions. A study of older adults with and without probable
disability found the latter group less likely to report receiv-
ing prostate cancer screening.”* In fact, the ORs of diag-
nosing prostate cancer after PD was low (OR =0.55) but
the PD risk after prostate cancer was nearly null


http://seer.cancer.gov
http://seer.cancer.gov
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(HR =0.92). The same disparate PD/prostate cancer rela-
tionships, depending on disease order, are found in other
studies that reported prostate cancer risk bi-directionally:
0.80 vs 1.01 in a California Kaiser Permanente study;>* 0.7
vs 0.9 in a British National Health Service Study;® 0.74 vs
0.99 in Danish registry studies;""” and 0.77 vs 1.12 (cancer
up to 1 year before PD) in a Swedish registry study,'" for
PD first vs second, respectively.

Previous findings of cancer before PD could also reflect
such biases when using prevalent PD cases, such as those
drawn from hospital records.”® Some cancers that could
potentially have been diagnosed before a prevalent PD case
was selected may have been missed if medical work-ups
were reduced in the immediate period before selecting the
prevalent PD case. Results from studies that relied on hos-

7 may reflect

pital records to identify inpatient PD cases,™
these limitations.

A recent study by Akushevich et al., ?” which also used
SEER-Medicare data to look some cancer sites and PD,
found primarily reduced PD before cancer, but null rela-
tionships when PD was second, like our study. The specific
associations differed somewhat from ours, and there were
design differences between the studies. Akushevich et al.
suggest that ascertainment bias may not fully account for
inverse associations between another neurodegenerative
disease, Alzheimer’s, and cancer because other diseases
(e.g. myocardial infarction, renal disease and ulcer) were
not lower after Alzheimer’s. However, such diseases may
be more evident to clinicians, and are thus more likely to
be ascertained than cancer.

Although we observed little evidence of an overall rela-
tionship between PD and total cancer, PD was linked to
some smoking-related cancers. Although smoking is ad-
versely related to many cancer sites,”® there is substantial
evidence that smoking decreases PD risk?'**** and that PD
patients smoke less.”’ We observed inverse associations of
smoking-related cancers after PD in the case-control ana-
lyses, and the inverse relationship with PD after lung cancer
in the prospective cohort analyses withstood adjustment for
multiple comparisons. These inverse observations were con-
12912 and the possibility that
confounding from unmeasured smoking may have contrib-

sistent with other studies,

uted to inverse associations warrants careful evaluation.
We found nominal inverse associations between PD and
ovarian cancer in both directions (> 30%). Only a few

studies>>!!

were large enough to assess associations with
PD and some found lower ovarian cancer risk following a
PD diagnosis."” Explanations may involve confounding
from female reproductive factors, including oral contracep-
tive use.?'%°

Melanoma is one of the few cancer sites that have been

positively related to PD.>® A recent meta-analysis of PD

and melanoma found a greater than 3-fold risk for melan-
oma after PD, but no risk before PD.?° In our study, mel-
anoma was unrelated to PD in both directions, and thus
did not confirm previous associations.

We saw no relationship between PD after breast cancer
in the cohort analysis and a nominal inverse association for
breast cancer after PD in the case-control analysis. In con-
trast, two studies observed elevated risks of breast cancer
after PD,"* whereas other studies have been null.>>!"?°
Thus, the weight of the evidence does not support an ad-
verse relationship between the diseases.

This study has several major strengths. First, it is very
large, with several-fold more cases than most other studies,
which allowed assessing associations over time by gender,
age and race and by cancer sites. Moreover, we used a bi-
directional design (PD before and after cancer). Other
strengths include: the availability of incident PD cases iden-
tified by physician visits (to identify PD cases earlier in se-
verity) as well as hospital stays; comprehensive and
unbiased ascertainment of SEER cancers; data on frequency
of physician visits to control for surveillance intensity; ad-
justment for multiple comparisons; nationwide claims data,
which reduced loss to out-migration; and inclusion of auto-
mobile injuries as a negative comparison control.

Limitations include the lack of information on covari-
ates, such as smoking history. Further, Medicare claims do
not constitute clinical data, yet were the basis for ascertain-
ing PD outcomes.’” As noted, to reduce misclassification,
we categorized subjects as having PD only if they had ei-
ther an inpatient diagnosis or multiple outpatient claims.
We also assumed that deaths from causes other than PD
are independent of PD risks separately for cancer patients
and the comparison groups. However, this is a standard as-
sumption (conditionally independent censoring) made in
survival analysis.

In summary, we found little evidence of a biological re-
lationship between PD and total cancer. There was an in-
verse association between one smoking-related site, lung
cancer, and PD, for PD before and after lung cancer. The
associations with individual sites may reflect confounding
by environmental factors, such as smoking and sex hor-
mones, as well as possible bias in cancer ascertainment
after PD.
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