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Abstract

estimate the likely induction period for tamoxifen.

years following initiation of tamoxifen treatment.

Background: Women have a reduced risk of developing Parkinson's disease (PD) compared with age-matched men.
Neuro-protective effects of estrogen potentially explain this difference. Tamoxifen, commonly used in breast cancer
treatment, may interfere with the protective effects of estrogen and increase risk of PD. We compared the rate of PD in
Danish breast cancer patients treated with tamoxifen to the rate among those not treated with tamoxifen.

Methods: A cohort of 15,419 breast cancer patients identified from the Danish Breast Cancer Collaborative Group
database was linked to the National Registry of Patients to identify PD diagnoses. Overall risk and rate of PD following
identification into the study was compared between patients treated with tamoxifen as adjuvant hormonal therapy
and patients not receiving tamoxifen. Time-dependent effects of tamoxifen treatment on PD rate were examined to

Results: In total, 35 cases of PD were identified among the 15,419 breast cancer patients. No overall effect of tamoxifen
on rate of PD was observed (HR = 1.3, 95% Cl: 0.64-2.5), but a PD hazard ratio of 5.1 (95% Cl: 1.0-25) was seen four to six

Conclusions: These results provide evidence that the neuro-protective properties of estrogen against PD occurrence
may be disrupted by tamoxifen therapy. Tamoxifen treatments may be associated with an increased rate of PD;
however these effects act after four years, are of limited duration, and the adverse effect is overwhelmed by the
protection against breast recurrence conferred by tamoxifen therapy.

Background

Parkinson's disease (PD) is a degenerative movement dis-
order usually occurring late in life. It is the second most
common neurodegenerative disease after Alzheimer dis-
ease (AD) and has a prevalence of approximately 1.8%
among people over the age of 65 [1,2]. Women have a
reduced risk of Parkinson's disease compared to age-
matched men [1]. This rate difference, combined with
evidence of neuro-protective properties of estrogen in
AD, and probably also in other neurodegenerative disor-
ders [3], has prompted studies of estrogen's effect on PD
risk and treatment. Improved motor function has been
associated with estrogen treatment in studies of women
with PD [4-6]. Furthermore, studies have shown some
factors associated with estrogen, such as hormone
replacement therapy [7], length of fertile life [8], or
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receipt of hysterectomy [9] are also associated with PD
risk. Other studies however, have shown no or an inverse
association with the same or similar factors [8-12]. Selec-
tive estrogen receptor modulators (SERMs) are a class of
pharmaceuticals that can act as both estrogens and anti-
estrogens in different tissues [13]. Tamoxifen was the first
SERM developed, and the observed anti-estrogenic prop-
erties led to its use in treatment of breast cancer [13,14].
Tamoxifen decreases mortality and recurrence rates in
breast cancer patients, and prevents breast cancer occur-
rence in high-risk women [15,16]. Tamoxifen is most
effective in treating and preventing the approximately
70% of breast cancer tumors that express ESRI (the gene
encoding the Estrogen Receptor-a protein), classified as
estrogen receptor positive (ER+) tumors [15,17].

The mechanisms by which SERMs act are not com-
pletely clear, however it is known that SERMs bind to the
estrogen receptors (ERs) and form ER complexes similar
to the estrogen receptor-estrogens complexes. These
complexes can then either promote gene transcription,
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similar to estrogen, become misfolded and prevent gene
transcription, or become misfolded and promote a differ-
ent set of gene transcription [13,14].

As tamoxifen has become widely used for treatment
and prevention of breast cancer [15,18], interest in the
effects of SERMs on the brain has grown. It is not clear
whether tamoxifen acts as an estrogen or anti-estrogen in
the brain, although animal studies of serotonin transport
suggest that SERMs can act as an antagonist to estrogen
in at least some parts of the brain [19,20]. Studies of the
relation between SERM treatment and PD have mainly
focused on animal models of PD induction, in particular
PD induced by 1-methyl-4-phenyl-1,2,3,6-tetrahydro-
pyridine (MPTP) or methamphetamine (MA) in mouse
models.

In these studies, estrogen decreases the toxic effects of
MPTP in male and female mice, but simultaneous admin-
istration of tamoxifen blocks the protective effect of
estrogen against MPTP induced PD [21-24]. In addition,
MPTP-treated and MA-treated mice, when administered
tamoxifen and estrogen together, have significantly
reduced dopamine levels compared with mice adminis-
tered estrogen alone. This result suggests an anti-estro-
genic effect of tamoxifen on the dopaminergic neurons
affected in PD [24,25]. These animal studies indicate that
tamoxifen may oppose the neuro-protective benefits of
estrogen in the brain, particularly in the parts of the brain
affected by PD. Nevertheless, no epidemiologic studies of
the association between tamoxifen treatment and PD
occurrence have been conducted.

In this study, we have identified a cohort of breast can-
cer patients registered by the Danish Breast Cancer Col-
laborative Group (DBCG) database and linked the cohort
to the National Registry of Patients covering all Danish
hospitals. We compared the rates of Parkinson's disease
diagnosis between those patients whose treatment
included tamoxifen and those whose treatment did not
include tamoxifen.

Methods

Study Population

An initial cohort of 15,440 women between the ages of 45
and 70 years, diagnosed with stage I or II, estrogen recep-
tor positive (ER+) breast cancer between 1990 and 2004
were identified from the Danish Breast Cancer Collabor-
ative Group (DBCG). The DBCG was created in 1977 to
ensure comprehensive diagnosis, treatment, and study of
breast cancer in Denmark [26] and maintains detailed
information about nationwide breast cancer diagnoses,
outcomes, and treatments, including tamoxifen treat-
ment. The Danish national health care system enables
linkage of the breast cancer patient cohorts to the Danish
National Registry of Patients to ascertain subsequent PD
diagnosis. Tamoxifen treatment is only indicated in ER+
breast cancer and few ER- cases are treated with tamox-
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ifen. A relationship between ER status and risk of PD,
possibly mediated by cumulative estrogen exposure [27],
may also exist. Therefore to avoid confounding by ER sta-
tus, only women with ER+ breast cancer were included in
this study.

Use of tamoxifen was determined from the assigned
treatment protocol for each patient collected from the
DBCG database [28]. Tamoxifen exposure was defined
for this study by the assigned treatment protocol for each
patient to reduce confounding by non-compliance and
other factors. Determination of treatment protocols was
dependent on the risk profile of the patient, which was
determined mainly by the cancer stage. Patients defined
as low-risk (generally stage I patients, with smaller
tumors that had not metastasized locally) were not sys-
tematically assigned therapy through the DBCG, but
were treated at the discretion of their physicians [29].
High-risk patients included in this study (stage II with
larger tumors or tumors that had metastasized locally)
were recommended standardized treatment based on
menopausal status and estrogen receptor status. In addi-
tion, some patients in the high-risk group were random-
ized to one of several clinical trials [29]. Because the
women with stage II cancer were subject to standardized
treatment protocols, there is less potential for confound-
ing by unmeasured variables (such as smoking) in this
group.

Follow-up time was measured as the interval from the
date of breast cancer surgery, when treatment protocols
were assigned, to the date of first diagnosis of PD or to
censoring due to death, emigration, or the end of the
study period (12/31/2005). To reduce misclassification of
the PD outcome, follow-up time was also censored at the
time of a diagnosis of brain metastasis, because symp-
toms of brain metastasis could be misinterpreted as PD
onset. To identify the date of initial hospital diagnosis of
PD, the Central Population Register (CPR) identification
number assigned to all Danish citizens was used to query
the Danish National Registry of Patients (NRP). The NRP
records all outpatient visits after 1994 and all hospital
admissions after 1977 and includes the date of the spe-
cialist visit or hospital discharge, and codes (based on
International Classification of Disease version 8 or 10
codes) for up to 20 different disease diagnoses identified
as related to the visit by the health care provider [30]. The
date of initial diagnosis of PD is therefore the first date of
any visit or discharge associated with one of the Interna-
tional Classification of Disease codes for PD (ICD8 342.0
or ICD10 G20[31]) in the National Registry of Patients.
Eighteen women with PD diagnostic codes identified
before breast cancer diagnosis were excluded from the
study. In addition, two patients diagnosed with both PD
and brain cancer and one patient diagnosed with brain
cancer before breast cancer diagnosis were excluded from
the study to avoid potential misclassification of the PD
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outcome. These exclusions reduced the initial cohort of
15,440 to a final cohort of 15,419 patients.

This study was approved by the Danish Registry Board.
There is no requirement for registry research of this sort
to be further approved by an ethics board in Denmark.

Statistical Analyses

We computed the crude incidence rate of PD for women
from the study cohort assigned to tamoxifen treatment
(N = 7153) and compared it with the rate among women
from the study cohort who were not assigned tamoxifen
treatment (N = 8266). We used proportional hazard
regression implemented in SAS version 9 to calculate a
hazard ratio associating tamoxifen exposure with PD
incidence. Potential confounding by age of breast cancer
diagnosis, date of treatment assignment, and breast can-
cer stage was assessed by determining the association
between potential confounders and the disease in the
unexposed group (tamoxifen untreated), and by compar-
ing the change in estimates of the association between
tamoxifen and PD occurrence when controlling for
potential confounding variables. Age and calendar time
of cancer diagnosis and treatment were found to be asso-
ciated with, and were found to modify, the effect of
tamoxifen treatment rate of PD. The hazard ratio was
therefore also calculated adjusting for age at breast cancer
diagnosis and date of treatment assignment. In addition,
analyses were performed in only high-risk patients (stage
II), who were subject to standardized treatment proto-
cols, to reduce confounding by unmeasured variables
(such as smoking).

Because the potential induction time between tamox-
ifen exposure and onset of PD is uncertain, PD-free sur-
vival curves and log-log survival plots were generated
using the Lifetest procedure in SAS to examine the valid-
ity of the proportional hazards assumption. We expected
that there would be an induction time immediately fol-
lowing the start of tamoxifen treatment, during which the
drug would not have had an opportunity to have a phar-
macologic effect on PD occurrence. Similarly, we
expected that there would be a point in time after treat-
ment was completed by which it would no longer affect
PD risk. To assess these induction period effects on PD
rate, we repeated the proportional hazards regression
within strata of the estimated periods before, during, and
after which the tamoxifen treatment may have had an
effect on PD occurrence. The boundaries of these periods
were determined empirically by examination of the PD-
free survival curves and log-log survival plots.

Results

In the final cohort of 15,419 ER+ breast cancer patients,
7153 patients were assigned to tamoxifen treatment pro-
tocols and 8266 were not. Descriptive statistics including
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age, cancer stage, and assigned tamoxifen treatment
duration are described in Table 1. In total, 35 cases of PD
were identified; 15 in the tamoxifen treated cohort and 20
in the cohort not treated with tamoxifen. The unadjusted
hazard ratio was 1.7 (95% CI of 0.83-3.3). Adjustment for
age at breast cancer diagnosis and date of treatment
assignment reduced the hazard ratio to 1.3 (95% CI 0.64-
2.5). Analyses restricted to advanced stage cases, thus
excluding stage I cases who were not subject to system-
atic treatment recommendations, showed a similar asso-
ciation, with an age and date adjusted hazard ratio of 1.3
(95% CI0.47-3.5).

Figure 1 shows the PD-free survival curves with confi-
dence intervals for the tamoxifen treated and untreated
groups. The confidence intervals overlap at all time peri-
ods (shown by the dark grey shading), indicating no sig-
nificant overall difference in survival between the groups.
Nevertheless, the shapes of the curves indicate a violation
of the proportional hazards assumption approximately
four to six years after breast cancer diagnosis (approxi-
mately the time of tamoxifen inception). Instead of dis-
playing the steadily increasing gap expected under
proportional hazards, the survival curves start close to
one another, diverge quickly between years four and six,
and then maintain a near uniform distance. This pattern
indicates a time-dependent effect of tamoxifen treatment
on PD occurrence.

The results of three independent proportional hazard
regression models representing the periods before, dur-
ing, and after this presumed window of effect of tamox-
ifen treatment on PD are shown in Table 2. The period
four to six years after beginning treatment is associated
with a hazard ratio of 5.1 (95% CI 1.02 to 25), while expo-
sure before and after that range shows little effect on PD
hazard.

Discussion

An examination of the effect of tamoxifen treatment on
PD rate among 15,419 female breast cancer cases in the
Danish Breast Cancer Collaborative group did not show a
significant difference in rate of PD overall. Our results do,
however, suggest a time-dependent effect starting around
four years after inception of tamoxifen therapy, which
was born out in stratified hazard analyses. Estimated haz-
ard ratios over the first three years after beginning
tamoxifen treatment and more than six years after begin-
ning treatment showed little or no effect of tamoxifen on
the rate of PD. In the range of 4 to 6 years, however, an
increase in the hazard ratio was observed. This pattern of
time-varying effect is consistent with the theory that cer-
tain exposures will only show an effect within a limited
time frame, long enough after exposure for the effect to
become apparent, but which ceases when the exposure is
no longer active. While the evidence for an effect of
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Table 1: The age distribution, cancer stage, and assigned treatment protocols for 15,419 female ER+ breast cancer

patients
All Tamoxifen exposed Tamoxifen
unexposed
All ER+ women 15419 7153 8266
Age-range
45-50 3377 1129 2248
51-55 3127 1536 1591
56-60 3317 1695 1622
61-65 3229 1649 1580
66-70 2369 1144 1225
Stage of cancer
1 6823 907 5916
2 8596 6246 2350
Assigned tamoxifen
treatment duration
180 days 354 354
365 days 990 990
730 days 620 620
1825 days 5039 5039
none 8266 8266
missing 150 150
PD cases identified 35 15 20
Incidence Rate (cases/ 3.38 4.05 3.01

10,000 person-years)

tamoxifen treatment on PD risk is equivocal, this effect
suggests that treatment may hasten the occurrence of PD
pathology or symptoms. This result is also consistent
with the hypothesis and animal-model evidence that
estrogen has a neuro-protective effect that functions
through a mechanism that can be disrupted by tamoxifen,
likely through estrogen receptors.

The animal-model studies have not investigated time-
dependent effects of tamoxifen in the brain. Clinical trials
of differing durations of tamoxifen treatment for breast
cancer show that a 5 year duration of tamoxifen treat-
ment is more effective than shorter treatments [32], con-
sistent with the view that tamoxifen treatment does not
induce a permanent biological effect, but rather a time-
limited effect that eventually wanes. Interestingly, a study
of potential carryover effects of tamoxifen in the Early
Breast Cancer Trialists' Collaborative Group (EBCTCG)

suggests that the majority of tamoxifen's benefit in reduc-
ing recurrence risk occurred within the first five years
after initiating treatment and no additional benefit was
detected after six years [33], consistent with the endpoint
of effect on hazard of PD in this study. The induction
period of four years seen in this study is not consistent
with the effects of tamoxifen seen in breast cancer trials,
though the pre-clinical progression and latency period of
PD is not well understood [34], making it difficult to
speculate on an appropriate induction period.

The major strength of this study is that the DBCG and
the Danish National Registry of Patients provide a large
well-characterized nationwide cohort of breast cancer
cases for study. Such a large cohort of tamoxifen-treated
breast cancer patients with the ability to assess neurologi-
cal outcomes is very rare. Despite the large cohort, how-
ever, only a limited number of PD cases were identified.
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Figure 1 PD-Free Survival Curves. The PD-free Survival curves and
confidence intervals for tamoxifen treated and untreated are shown.
Dark grey shading indicates where the confidence intervals overlap.

The low frequency is due to the rarity of PD in general.
The age-specific incidence rates of PD in these women
(15.6/100,000 person-years for ages 50-64, 58.6/100,000
person-years for ages 65-79) are similar to the rates in the
general population of women in Denmark (9.4/100,000
person-years for ages 50-64, 57.6/100,000 person-years
for ages 65-79)[31]A second limitation is the possibility
for uncontrolled confounding by smoking history or caf-
feine use. Former smoking has been consistently shown
to reduce the rate of PD occurrence [35,36], and caffeine
use may also be associated with a decreased risk of the
disease particularly in women [11,12,37], but neither
smoking nor caffeine information was available for mem-
bers of this cohort. Cigarette smoking is common in
women in Denmark, with a prevalence of 45% in women
age 35 to 64 compared with a median of 24% in other
European countries [38,39]. Smoking is at most a weak
risk factor for breast cancer, but as the study only
included breast cancer patients, of greater concern is
whether smoking may be associated with receipt of
tamoxifen therapy among breast cancer patient. (In per-
sonal communications, Danish oncologists report that
smoking status would not be a factor considered in pre-
scribing tamoxifen treatment for breast cancer.) Never-
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theless, studies have shown an increased risk of
tamoxifen related side effects in smokers [40] and it may
be possible for some physicians concerned about tamox-
ifen related side effects to be less likely to prescribe
tamoxifen treatment to smokers. If more non-smokers, at
higher risk of PD, were exposed to tamoxifen, uncon-
trolled confounding could potentially influence the
results seen in this study. It is unlikely that this confound-
ing would have a strong effect only in the range of four to
six years after initiation of tamoxifen therapy, during
which the strongest effect was seen in this study, but it
could influence the overall increased rate of PD seen in
the tamoxifen exposed group.

To assess the potential bias due to uncontrolled con-
founding by smoking, we conducted a quantitative bias
analysis [41]. We used a previously estimated relative rate
of PD of 0.7 comparing smokers with nonsmokers [42]
and an estimated OR of 1.5 for the association between
smoking and tamoxifen treatment. This OR assumes
smokers were two-thirds as likely to receive tamoxifen
treatment as non-smokers, all other factors held con-
stant. With these assumptions, the adjusted hazard ratio
of PD associated with tamoxifen treatment would
decrease only slightly from 1.7 to 1.3. Even with an
implausibly strong association between smoking and
receipt of tamoxifen treatment (OR = 5), external adjust-
ment for smoking does not completely remove the posi-
tive association between PD and tamoxifen (predicted RR
of 1.20).

A third limitation is the potential for some misclassifi-
cation of PD and time of PD diagnosis ascertained
through the codes in the Danish National Registry of
Patients. A validation study conducted within the Regis-
try of Patients compared diagnoses in medical records to
the registry codes and estimated a false-positive rate of
PD diagnosis between 6% and 20% [43] in the registry. No
examination of the false-negative rate was performed in
this study, but as PD is a rare disease, virtually all people
classified as non-PD are likely to be truly non-PD. The
criteria used for defining PD from the medical records in
the validation study was not specifically explained, so it is
uncertain if this validation corresponds to commonly-

Table 2: Hazard ratios for effect of tamoxifen in three time ranges after exposure

Time from N Cases Hazard Ratio Lower 95% ClI Upper 95% CI p-value
exposure Observed
(N Cases
exposed)

0-4 years 11 (5) 0.89 0.26 3.0 0.84

4-6 years 8(6) 5.1 1.02 25 0.047

6+ years 16 (4) 0.79 0.25 2.5 0.68




Latourelle et al. BMC Neurology 2010, 10:23
http://www.biomedcentral.com/1471-2377/10/23

used criteria (such as the United Kingdom Brain Bank
criteria [44]). A study of the purchase of anti-parkin-
sonism drugs (APD) using the Danish Medicinal Product
Statistics database suggests that the incident rate of APD
purchases is twice as high (43.4/100,000 person-years)
[45] as the incident rate of PD (19.9/100,000 person-
years) estimated from the National Registry of Patients
[31]. This study did not match APD drug purchase to dis-
ease diagnoses or drug indication, thus the discrepancy
may be due to the use of APD for clinical purposes other
than PD treatment, but may also indicate an underreport-
ing of PD in the National Registry of Patients [45]. It is
unlikely that misclassification of PD status would occur at
different rates between breast cancer patients treated or
not treated with tamoxifen, and thus we expect PD mis-
classification would bias the estimated associations
toward the null.

Conclusions

These findings are based on a very small number of PD
cases, as PD remains a rare disease, particularly among
women. In addition, the determination of the time-frame
of potential effect was determined empirically from study
data. Only six exposed cases of PD were diagnosed dur-
ing the period of potential effect four to six years after
breast cancer diagnosis. While this frequency is greater
than expected, caution should be used in interpreting
these results due to the small number of observed cases
and empirical delineation of the induction period. Ideally,
these findings would spur efforts at replication in another
cohort. It is also important to remember that while the
hazard ratio of 5.1 represents a large relative effect, the
absolute increased rate of PD is negligible when com-
pared to the benefits of tamoxifen in preventing breast
cancer recurrences. The main value of this study's result,
therefore, is its contribution to understanding a potential
underlying disease mechanism in PD and particularly the
effect of estrogen on the disease process.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions

JCL participated in the design of the study, conducted statistical analyses, par-
ticipated in the interpretation of data, and drafted the manuscript. MD partici-
pated in the design of the study, performed data collection and cleaning, and
revised the article critically for important intellectual content. ALD and RHM
participated in the interpretation of data, and revised the article critically for
important intellectual content. TLL participated in the design and coordination
of the study, participated in the interpretation of data, and revised the article
critically for important intellectual content. All authors read and approved the
final manuscript.

Acknowledgements

This study was supported PHS grant R0O1 NS36711-09 'Genetic Linkage Study in
PD'and by the Aarhus University Hospital Department of Clinical Epidemiol-
ogy's Research Foundation.

Page 6 of 7

Author Details

Department of Neurology, Boston University School of Medicine, 85 East
Concord Street, Boston MA, 02118, USA, 2Department of Epidemiology Boston
University School of School of Public Health, 85 East Concord Street, Boston
MA, 02118, USA, 3Department of Clinical Epidemiology, Aarhus University,
Nordre Ringgade 1, DK-8000, Aarhus, Denmark and 4Department of
Biostatistics, Boston University School of School of Public Health, 85 East
Concord Street, Boston MA, 02118, USA

Received: 7 August 2009 Accepted: 12 April 2010
Published: 12 April 2010

References

1. Bower JH, Maraganore DM, McDonnell SK, Rocca WA: Incidence and
distribution of parkinsonism in Olmsted County, Minnesota, 1976-
1990. Neurology 1999, 52(6):1214-1220.

2. Mayeux R: Epidemiology of neurodegeneration. Annual review of
neuroscience 2003, 26:81-104.

3. Singh M, Dykens JA, Simpkins JW: Novel mechanisms for estrogen-
induced neuroprotection. Exp Biol Med (Maywood) 2006, 231(5):514-521.

4. Nicoletti A, Arabia G, Pugliese P, Nicoletti G, Torchia G, Condino F,
Morgante L, Quattrone A, Zappia M: Hormonal replacement therapy in
women with Parkinson disease and levodopa-induced dyskinesia: a
crossover trial. Clin Neuropharmacol 2007, 30(5):276-280.

5. Blanchet PJ, Fang J, Hyland K, Arnold LA, Mouradian MM, Chase TN: Short-
term effects of high-dose 17beta-estradiol in postmenopausal PD
patients: a crossover study. Neurology 1999, 53(1):91-95.

6.  Saunders-Pullman R, Gordon-Elliott J, Parides M, Fahn S, Saunders HR,
Bressman S: The effect of estrogen replacement on early Parkinson's
disease. Neurology 1999, 52(7):1417-1421.

7. Currie LJ, Harrison MB, Trugman JM, Bennett JP, Wooten GF:
Postmenopausal estrogen use affects risk for Parkinson disease.
Archives of neurology 2004, 61(6):886-888.

8. Ragonese P, D'Amelio M, Salemi G, Aridon P, Gammino M, Epifanio A,
Morgante L, Savettieri G: Risk of Parkinson disease in women: effect of
reproductive characteristics. Neurology 2004, 62(11):2010-2014.

9. Benedetti MD, Maraganore DM, Bower JH, McDonnell SK, Peterson BJ,
Ahlskog JE, Schaid DJ, Rocca WA: Hysterectomy, menopause, and
estrogen use preceding Parkinson's disease: an exploratory case-
control study. Mov Disord 2001, 16(5):830-837.

10. Popat RA, Eeden SK Van Den, Tanner CM, McGuire V, Bernstein AL, Bloch
DA, Leimpeter A, Nelson LM: Effect of reproductive factors and
postmenopausal hormone use on the risk of Parkinson disease.
Neurology 2005, 65(3):383-390.

11. Ascherio A, Chen H, Schwarzschild MA, Zhang SM, Colditz GA, Speizer FE:
Caffeine, postmenopausal estrogen, and risk of Parkinson's disease.
Neurology 2003, 60(5):790-795.

12. Simon KC, Chen H, Gao X, Schwarzschild MA, Ascherio A: Reproductive
factors, exogenous estrogen use, and risk of Parkinson's disease. Mov
Disord 2009, 24(9):1359-1365.

13. Jordan VC, Gapstur S, Morrow M: Selective estrogen receptor
modulation and reduction in risk of breast cancer, osteoporosis, and
coronary heart disease. Journal of the National Cancer Institute 2001,
93(19):1449-1457.

14. Jordan VC, O'Malley BW: Selective estrogen-receptor modulators and
antihormonal resistance in breast cancer. JClin Oncol 2007,
25(36):5815-5824.

15. Swaby RF, Sharma CG, Jordan VC: SERMs for the treatment and
prevention of breast cancer. Rev Endocr Metab Disord 2007, 8(3):229-239.

16. Effects of chemotherapy and hormonal therapy for early breast cancer
on recurrence and 15-year survival: an overview of the randomised
trials. Lancet 2005, 365(9472):1687-1717.

17. Payne SJ, Bowen RL, Jones JL, Wells CA: Predictive markers in breast
cancer--the present. Histopathology 2008, 52(1):82-90.

18. Castellon SA, Silverman DH, Ganz PA: Breast cancer treatment and
cognitive functioning: current status and future challenges in
assessment. Breast Cancer Res Treat 2005, 92(3):199-206.

19.  Sumner BE, Grant KE, Rosie R, Hegele-Hartung C, Fritzemeier KH, Fink G:
Effects of tamoxifen on serotonin transporter and 5-
hydroxytryptamine(2A) receptor binding sites and mRNA levels in the


http://www.biomedcentral.com/1471-2377/10/23
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10214746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12574495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16636299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17909305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10408542
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10227628
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15210525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15184606
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11746612
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16087902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12629235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19424986
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11584060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17893378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17440819
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15894097
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18171419
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16155790

Latourelle et al. BMC Neurology 2010, 10:23
http://www.biomedcentral.com/1471-2377/10/23

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

brain of ovariectomized rats with or without acute estradiol
replacement. Brain Res Mol Brain Res 1999, 73(1-2):119-128.

Sumner BE, Grant KE, Rosie R, Hegele-Hartung C, Fritzemeier KH, Fink G:
Raloxifene blocks estradiol induction of the serotonin transporter and
5-hydroxytryptamine2A receptor in female rat brain. NeurosciLett 2007,
417(1):95-99.

Callier S, Morissette M, Grandbois M, Di Paolo T: Stereospecific
prevention by 17beta-estradiol of MPTP-induced dopamine depletion
in mice. Synapse 2000, 37(4):245-251.

Grandbois M, Morissette M, Callier S, Di Paolo T: Ovarian steroids and
raloxifene prevent MPTP-induced dopamine depletion in mice.
Neuroreport 2000, 11(2):343-346.

Dluzen DE: Neuroprotective effects of estrogen upon the nigrostriatal
dopaminergic system. Journal of neurocytology 2000, 29(5-6):387-399.
Dluzen DE, McDermott JL, Anderson LI: Tamoxifen eliminates estrogen's
neuroprotective effect upon MPTP-induced neurotoxicity of the
nigrostriatal dopaminergic system. Neurotoxicity research 2001,
3(3):291-300.

Gao X, Dluzen DE: Tamoxifen abolishes estrogen's neuroprotective
effect upon methamphetamine neurotoxicity of the nigrostriatal
dopaminergic system. Neuroscience 2001, 103(2):385-394.

Blichert-Toft M, Christiansen P, Mouridsen HT: Danish Breast Cancer
Cooperative Group--DBCG: History, organization, and status of
scientific achievements at 30-year anniversary. Acta oncologica
(Stockholm, Sweden) 2008, 47(4):497-505.

Eliassen AH, Missmer SA, Tworoger SS, Spiegelman D, Barbieri RL, Dowsett
M, Hankinson SE: Endogenous steroid hormone concentrations and risk
of breast cancer among premenopausal women. Journal of the National
Cancer Institute 2006, 98(19):1406-1415.

Jensen AR, Storm HH, Moller S, Overgaard J: Validity and representativity
in the Danish Breast Cancer Cooperative Group--a study on protocol
allocation and data validity from one county to a multi-centre
database. Acta oncologica (Stockholm, Sweden) 2003, 42(3):179-185.
Moller S, Jensen MB, Ejlertsen B, Bjerre KD, Larsen M, Hansen HB,
Christiansen P, Mouridsen HT: The clinical database and the treatment
guidelines of the Danish Breast Cancer Cooperative Group (DBCG); its
30-years experience and future promise. Acta oncologica (Stockholm,
Sweden) 2008, 47(4):506-524.

Andersen TF, Madsen M, Jorgensen J, Mellemkjoer L, Olsen JH: The
Danish National Hospital Register. A valuable source of data for
modern health sciences. Dan Med Bull 1999, 46(3):263-268.

Olsen JH, Friis S, Frederiksen K, McLaughlin JK, Mellemkjaer L, Moller H:
Atypical cancer pattern in patients with Parkinson's disease. British
Jjournal of cancer 2005, 92(1):201-205.

Bryant J, Fisher B, Dignam J: Duration of adjuvant tamoxifen therapy. J
Natl Cancer Inst Monogr 2001:56-61.

Lewis JP: An interpretation of the EBCTCG data. Oncologist 2007,
12(5):505-509.

Morrish PK: Parkinson's disease is not a long-latency illness. Mov Disord
1997, 12(6):849-854.

Hernan MA, Takkouche B, Caamano-Isorna F, Gestal-Otero JJ: A meta-
analysis of coffee drinking, cigarette smoking, and the risk of
Parkinson's disease. Annals of neurology 2002, 52(3):276-284.

Galanaud JP, Elbaz A, Clavel J, Vidal JS, Correze JR, Alperovitch A, Tzourio C:
Cigarette smoking and Parkinson's disease: a case-control study in a
population characterized by a high prevalence of pesticide exposure.
Mov Disord 2005, 20(2):181-189.

Ascherio A, Weisskopf MG, O'Reilly EJ, McCullough ML, Calle EE, Rodriguez
C, Thun MJ: Coffee consumption, gender, and Parkinson's disease
mortality in the cancer prevention study Il cohort: the modifying
effects of estrogen. American journal of epidemiology 2004,
160(10):977-984.

Kesteloot H: Queen Margrethe Il and mortality in Danish women.
Lancet 2001, 357(9259):871-872.

Rayner M, Petersen S: European Cardiovascular Disease Statistics.
London: British Heart Foundation; 2000:44-52.

Zhan M, Flaws JA, Gallicchio L, Tkaczuk K, Lewis LM, Royak-Schaler R:
Profiles of tamoxifen-related side effects by race and smoking status in
women with breast cancer. Cancer Detect Prev 2007, 31(5):384-390.
Rothman KJ, Greenland S, Lash TL: Modern epidemiology 3rd edition.
Philadelphia: Lippincott Williams & Wilkins; 2008.

42.

43.

44,

45.

Page 7 of 7

Ritz B, Ascherio A, Checkoway H, Marder KS, Nelson LM, Rocca WA, Ross
GW, Strickland D, Eeden SK Van Den, Gorell J: Pooled analysis of tobacco
use and risk of Parkinson disease. Archives of neurology 2007,
64(7):990-997.

Fryzek JP, Hansen J, Cohen S, Bonde JP, Llambias MT, Kolstad HA, Skytthe
A, Lipworth L, Blot WJ, Olsen JH: A cohort study of Parkinson's disease
and other neurodegenerative disorders in Danish welders. Journal of
occupational and environmental medicine/American College of
Occupational and Environmental Medicine 2005, 47(5):466-472.

Gibb WR, Lees AJ: The relevance of the Lewy body to the pathogenesis
of idiopathic Parkinson's disease. Journal of neurology, neurosurgery, and
psychiatry 1988, 51(6):745-752.

Brandt-Christensen M, Kvist K, Nilsson FM, Andersen PK, Kessing LV: Use of
antiparkinsonian drugs in Denmark: results from a nationwide
pharmacoepidemiological study. Mov Disord 2006, 21(8):1221-1225.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http//www.biomedcentral.com/1471-2377/10/23/prepub

doi: 10.1186/1471-2377-10-23
Cite this article as: Latourelle et al,, Risk of Parkinson's disease after tamox-
ifen treatment BMC Neurology 2010, 10:23

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

* Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( ) BiolVed Central



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10581405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17398000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10891861
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10674483
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11424955
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15111254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11246153
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18465316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17018787
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12852693
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18465317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10421985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15583688
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11773293
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17522235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9399205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12205639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15468111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15522854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11265968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18023540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17620489
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15891525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2841426
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16671076
http://www.biomedcentral.com/1471-2377/10/23/prepub


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


