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Abstract

Purpose Metformin is a commonly used medication for

type II diabetes mellitus. Epidemiologic studies have sug-

gested a decreased relative risk of cancer with metformin

use, and preclinical studies of prostate cancer (PCa) have

shown antitumor activity with metformin. In this study, we

explore the relationship between metformin use and PCa

risk in a population-based case–control study.

Methods Cases were men aged 35–74 years diagnosed

with PCa between 2002 and 2005 in King County, Wash-

ington. Controls were frequency matched by age and

identified by random digit dialing. Use of metformin was

determined from in-person questionnaires regarding med-

ical and prescription history. The relationship of metformin

use with PCa risk was evaluated using logistic regression.

Results A total of 1,001 cases of PCa and 942 controls

were available for analysis. In Caucasian men, metformin

use was more common in controls than in cases (4.7 vs.

2.8%, p = 0.04), resulting in a 44% risk reduction for PCa

(adjusted OR = 0.56; 95% CI 0.32–1.00). No association

was seen in African-American men.

Conclusion Metformin use was associated with a bor-

derline significant decrease in the relative risk of PCa in

Caucasians. Further study into this relationship is needed to

confirm the association and determine the underlying

pathways involved.
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Introduction

Prostate cancer (PCa) is the most common noncutaneous

cancer diagnosed in men, with a 1 in 6 lifetime risk of

developing clinically diagnosed PCa [1]. Type II diabetes

mellitus (DM) is also a common disease, and some studies

have shown a link between PCa and DM [2, 3]. Metformin is

a frequently used medication for patients with DM that has

received increased attention because of a study from phar-

macy and disease databases showing decreased cancer inci-

dence in individuals taking metformin [4]. A second study

reported decreased cancer mortality in diabetic patients tak-

ing metformin compared to those taking sulfonylureas/insulin

[5]. Several potential mechanisms for this antineoplastic

action of metformin have been suggested, including AMP-

kinase pathway (AMPK) activation [6, 7], p-53 activation [8],

downregulation of cyclin D1 [7, 9] and suppression of HER2

oncoprotein expression [6]. These findings are consistent

with animal and in vitro studies demonstrating decreased

growth of a number of different malignant cell types treated

with metformin [6–14], including PCa cell lines [9, 13]. In

this study, using a population-based case–control study of

PCa, we explore the relationship between metformin use and

PCa risk.
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Methods

Study participants

The study population consists of participants in a popula-

tion-based case–control study of PCa. Details of the study

participants and data collection have previously been

described [15]. Briefly, cases were Caucasian and African-

American residents of King County, Washington with

histologically confirmed PCa ascertained from the Seattle–

Puget Sound SEER cancer registry and diagnosed between

1 January 2002, and 31 December 2005. Of those eligible

men identified, 75% (n = 1,001) agreed to participate.

Male residents of King County, Washington with no his-

tory of PCa were identified as a comparison group using

random digit telephone dialing. Controls were frequency

matched to cases by 5-year age groups and recruited evenly

throughout the ascertainment period for cases. During the

first step of random digit dialing, complete household

census information was obtained for 81% of the 24,106

residential telephone numbers contacted. Of eligible men

who were identified and met the study eligibility criteria,

63% (n = 942) completed the study interview.

Data collection

Subjects completed in-person interviews conducted by

trained interviewers who collected information about

demographic and lifestyle factors, medical, medication use

and family history, and PSA and DRE screening in the

previous 5 years. Participants were asked whether prior to

reference date (date of diagnosis for cases and a randomly

preassigned date for controls that approximated the distri-

bution of diagnosis dates of cases) a doctor ever told them

they had had diabetes; and if so, when they were first

diagnosed and what prescription medications they had

used. Up to six different medications could be listed. For

this study, the following drug names for metformin were

reported: metformin, Fortamet, Glucophage, Glucophage

XR, Glumetza, Riomet and Metaglip. The other classes of

diabetic medications were also collected: sulfonyureas

(Amaryl, Glucotrol, Diabeta, Diabinese, Glipizide,

Metaglip), thiazolidinediones (Actos, Avandia, Rezulin,

Rosiglitazone), Insulin (Insulin, Humulin, Lispro, Glar-

gine) and Meglitinides (Starlix).

Statistical analysis

The relative risk of PCa associated with the different dia-

betic treatments was calculated by logistic regression.

Potential confounders that were included in the multivari-

ate model included age, PSA screening history and family

history of PCa. We also adjusted for body mass index

(BMI), statin medication use and aspirin use as these have

been associated with an alteration in the risk of PCa and are

often observed/taken by diabetic men. Effect modification

was also examined and revealed evidence of differing

effects of metformin use on PCa risk by race (interaction

p = 0.03). Results were, therefore, stratified by race. A

second model was created where the primary predictor of

interest was categorized as follows: no diabetes, diabetes –

not taking metformin, diabetes – taking metformin. This

was performed to further evaluate whether it was diabetes

or metformin use impacting PCa risk. Further, polytomous

regression was used to calculate the risk according to dis-

ease aggressiveness (controls, less aggressive, more

aggressive). Disease aggressiveness was based on a com-

posite variable incorporating Gleason score, stage and

PSA, where more aggressive PCa was defined as Gleason

4 ? 3 or greater; nonlocalized stage or PSA C 20 ng/ml at

time of diagnosis. All statistical analyses were conducted

using Stata software, Version 8 (Stata Inc., College Station,

TX).

Results

Table 1 lists the distribution of selected characteristics of

cases and controls. Table 2 lists the proportions of cases

and controls reporting DM and metformin use. The overall

frequencies of DM (9.7 and 10.7%) and metformin use (4.0

and 4.8%) were similar between cases and controls,

respectively. However, results differed by race. Among

Caucasians, DM (7.8 vs. 10.2%, p = 0.09) and metformin

use (2.8 vs. 4.7%, p = 0.04) were less common in cases

compared to controls, respectively. There was no differ-

ence in the frequency of DM or metformin use between

African-American controls and cases, although very lim-

ited numbers were available for this analysis. Increasing

BMI (p \ 0.001) was associated with a higher prevalence

of metformin use in both cases and controls in both races

(data not shown).

In Table 3, the prevalence of ever use of diabetic and

other medications are provided for cases and controls.

Metformin was the most common medication taken for

diabetes. Use of aspirin and statins was common in both

groups. In Table 4, the age-adjusted and multivariate ORs

and 95% CIs are reported for PCa risk and diabetic treat-

ment in Caucasians. A 39% reduction in the age-adjusted

relative risk (OR = 0.61; 95% CI 0.37–1.02) was seen in

Caucasian men reporting metformin use, but no association

was observed in African-Americans (OR = 1.62; 95% CI

0.53–5.02, data not shown). In the multivariate model

(adjusting for other diabetes treatments, statin and aspirin

uses, BMI, PSA testing and family history of PCa), there

was a 44% reduction in risk of PCa in Caucasians
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(OR = 0.56, 95% CI 0.32–1.00). In the second model

where non-metformin treatments of diabetes were grouped

together, the presence of diabetes without metformin use

was not associated with a decrease in PCa risk in the

multivariate model (OR = 0.95, 95% CI 0.60–1.49),

whereas there was a decreased risk in those with diabetes

taking metformin, with a similar OR compared to that for

metformin in the 1st model (OR = 0.66, 95% CI 0.39–

1.11). More aggressive PCa features were present in 31.5%

(n = 315) of cases and the remainder had less aggressive

PCa (n = 686). In the polytomous model, compared to

controls, we found a reduction in risk of PCa associated

with metformin use for both less aggressive PCa

(OR = 0.63, 95% CI 0.33–1.19) and more aggressive PCa

(OR = 0.43, 95% CI 0.17–1.09). The risk estimates for the

PCa aggressiveness categories were not significantly dif-

ferent (p = 0.45).

Discussion

In this population-based case–control study, we observed a

borderline significant reduction in the relative risk of PCa

in Caucasian men taking the antidiabetic drug metformin.

These results are consistent with findings from earlier

epidemiologic studies and with preclinical studies demon-

strating antitumor activity of metformin.

Metformin is an oral anti-hyperglycemic medication

used in the management of type II DM that functions pri-

marily through improved insulin sensitivity and decreased

hepatic gluconeogenesis [16]. It is the most common drug

used for treatment of type II DM and has been available in

the United States since 1995 [17]. Metformin has a number

of additional cellular activities that have potential antineo-

plastic activity including AMP-kinase pathway activation

[6, 7], p-53 activation [8], downregulation of cyclin D1 [7,

9], and suppression of HER2 oncoprotein expression [6].

Recently, a Scottish case–control study found a reduced

risk of overall cancer in diabetic patients taking metformin

[5]. In that study, a diabetic clinical information system

was linked to a prescription database and those with any vs.

no metformin exposure had a 23% lower OR for cancer of

any type (OR = 0.77; 95% CI 0.64–0.92). The strongest

risk reduction was observed in those with the longest

durations of metformin use. An additional population-

based study in Saskatchewan linked a prescription database

with a cancer registry and vital statistics database [4].

Diabetic patients taking metformin or a sulfonylurea were

identified and followed for cancer-specific mortality.

Table 1 Selected characteristics of prostate cancer cases and controls

Cases n (%) Controls n (%) p-Value

Total 1001 (100) 942 (100)

Age at reference date (years)

35–54 201 (20.1) 209 (22.2) 0.49

55–64 402 (40.2) 361 (38.3)

65–74 398 (39.8) 372 (39.5)

Race

Caucasian 843 (84.2) 844 (89.6) \0.001

African-American 158 (15.8) 98 (10.4)

Family history of prostate cancer

No 775 (77.4) 833 (88.4) \0.001

Yes 226 (22.6) 109 (11.6)

PSA screening within the past 5 years

None 220 (22.0) 240 (25.5) \0.001

1–2 PSAs 172 (17.2) 168 (17.8)

C3 PSAs 546 (54.6) 380 (40.3)

Unknown 63 (6.3) 154 (16.4)

BMI

Normal (\25) 287 (28.7) 259 (27.5) 0.26

Overweight (25–29.9) 492 (49.2) 444 (47.1)

Obese (C30) 222 (22.2) 239 (25.4)

Income

\$50,000 322 (33.6) 309 (33.7) 0.96

$50,000? 637 (66.4) 608 (66.3)

Education

High school only 196 (19.6) 181 (19.2) 0.76

Some college/vocational 241 (24.1) 210 (22.3)

Bachelors degree 262 (26.2) 261 (27.7)

Graduate degree 301 (30.7) 289 (30.7)

Table 2 Distribution of diabetes mellitus and metformin use in cases and controls, by race

All men Caucasians African-Americans

Cases Controls p-Value Cases Controls p-Value Cases Controls p-Value

Diabetes mellitus

No 904 (90.3) 841 (89.3) 0.45 777 (92.2) 758 (89.8) 0.09 127 (80.4) 83 (84.7) 0.38

Yes 97 (9.7) 101 (10.7) 66 (7.8) 86 (10.2) 31 (19.6) 15 (15.3)

Metformin use

No 962 (96.1) 897 (95.2) 0.34 819 (97.2) 804 (95.3) 0.04 143 (90.5) 93 (94.9) 0.20

Yes 40 (4.0) 45 (4.8) 24 (2.8) 40 (4.7) 15 (9.5) 5 (5.1)
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Patients taking sulfonylureas had an increased risk of

cancer-specific mortality compared to those taking met-

formin (hazard ratio = 1.3; 95% CI 1.1–1.6). Few studies

have looked specifically at PCa risk and diabetes treatment.

In a large Finnish population-based registry study, a

decrease in PCa risk was observed for the use of any

antidiabetic drug [18]. This study found that duration of

treatment was inversely related to PCa risk, suggesting that

it is diabetes rather than any specific medication that

decreases the risk of PCa. However, the investigators were

unable to adjust for BMI, family history of PCa or PSA

screening history. Further, the Finnish population is 98%

Caucasian, so the differences we observed in race cannot

be compared. A multi-ethnic study found an association

between PCa and DM in European-Americans (RR =

0.65, 95% CI 0.50–0.84, p = 0.001) but not in African-

Americans (RR = 0.89, 95% CI 0.77–1.03, p = 0.13) [3].

This was especially true in those with higher Gleason

scores [7 [European-Americans (RR = 0.68, 95% CI

0.43–1.07, p = 0.09) and African-Americans RR = 0.98,

95% CI 0.71–1.29, p = 0.76)]. These results are consistent

with our findings of effect modification of metformin use

by race. Why diabetes and/or treatment effects on PCa risk

would differ by race is unknown. African-American men

often have a delay in diagnosis of DM and worse glycemic

control [19], which may partially explain these findings.

These differences may also relate to underlying genetic or

environmental exposures and deserve further investigation.

There are several reasons to suspect that metformin may

have specific anticarcinogenic properties, as it has shown

inhibitory effects in preclinical models of a number of

different tumor types, including prostate [9, 13], breast

[6, 10, 12], pancreatic [11], lung [14] and colon cancers

[8, 13]. In fact, metformin has recently been associated

with increased complete response rates in women with

breast cancer receiving neoadjuvant chemotherapy [20]

and work is underway for Phase III trials of metformin in

early stage breast cancer [21]. PCa risk has been associated

with hyperinsulinemia [22, 23] and unlike sulfonylureas

and exogenous insulin, metformin does not increase insulin

levels [16], which may be one mechanism whereby met-

formin exhibits antitumor activity. Additionally, in PCa

cell lines (LnCaP, PC-3, DU145), metformin has been

shown to inhibit cyclin D1 expression, blocking the cell

cycle in G0/G1 [9]. Metformin has also been shown to

activate AMP-activated protein kinase (AMPK) in PC-3

cell lines [13]. AMPK is activated in response to cellular

stress leading to an increased AMP/ATP ratio [24]. AMPK

has gained attention for its downstream effects of reduced

cellular proliferation and protein synthesis [25] along with

mTOR inhibition [6, 10]. The precise pathway(s) that may

be involved with metformin and its potential antitumor

activity has not been defined and may involve more than

Table 3 Even use of diabetic and other medications by prostate

cancer cases and controls

Cases n (%) Controls n (%)

Diabetes medication usage

Metformin 40 (4.0) 45 (4.8)

Insulin 24 (2.4) 29 (3.1)

Sulfonylureas 14 (1.4) 11 (1.5)

Thiazolidinediones 17 (1.7) 14 (1.5)

Meglitinides 1 (0.1) 1 (0.1)

Other medication usage

Aspirin 484 (48.4) 486 (51.6)

Statins 289 (28.9) 265 (28.1)

Table 4 Age-adjusted and multivariate risk of prostate cancer among Caucasians by diabetes treatment

Age-adjusted model Multivariate modela

OR 95% CI OR 95% CI

Model 1

Diabetes treatment

Metformin 0.61 0.37–1.02 0.56 0.32–1.00

Insulin 0.76 0.39–1.47 0.95 0.47–1.92

Sulfonylureas 1.28 0.58–2.84 1.79 0.74–4.33

Thiazolidinediones 1.08 0.52–2.25 1.34 0.58–3.13

Diet and exercise only 0.92 0.51–1.65 0.97 0.53–1.78

Model 2

No diabetes 1.00 Referent 1.00 Referent

Diabetes, not taking metformin 0.87 0.56–1.34 0.95 0.60–1.49

Diabetes, taking metformin 0.61 0.37–1.02 0.66 0.39–1.11

a Adjusted for age, other diabetic treatments, aspirin and NSAID usage, bmi, psa tests in preceding 5 years and family history of prostate cancer
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one mechanism. Although our study does not evaluate any

of the specific pathways that may be involved, our results

draw attention specifically to PCa risk based on exposure to

metformin and support ongoing efforts to explore the link

between metformin exposure and PCa.

There are limitations of our study. We cannot assess

duration of use of metformin, nor can we distinguish type I

from type II DM. However, early onset type I is rare, and

only three participants (1 case; 2 controls) reported being

diagnosed with DM prior to age 18; exclusion of these men

did not change our results. Overall, 10.7% of our popula-

tion-based controls reported DM, which is similar to the

11% prevalence in the general US population of men over

the age of 20 years [26]. We also rely on participant-

reported use of medications rather than pharmacy records.

In a separate analysis of a subset of this study population

that was designed to validate use of statin medications,

there was 87% agreement between self-reported use and

computerized pharmacy records [15]. There are data

showing a reduced risk of PCa in diabetic men [2, 3], such

that our findings of a reduced risk in men taking metformin

may be due to an independent aspect of diabetes. Further,

DM may be associated with lower PSA levels [27], which

could introduce detection bias. Additionally, our finding

may be due to chance and should be replicated in a larger

study. Despite these limitations, these findings are in sup-

port of the growing evidence from preclinical and epide-

miological data supporting the potential antitumor activity

of metformin. These results indicate that additional studies

are warranted to evaluate the potential metformin-PCa

association.

Acknowledgments NIH Grants: R01 CA 092579, T32 CA009168-

30, with additional support from the Fred Hutchinson Cancer

Research Center. We thank all the men who participated and the study

staff.

Open Access This article is distributed under the terms of the

Creative Commons Attribution Noncommercial License which per-

mits any noncommercial use, distribution, and reproduction in any

medium, provided the original author(s) and source are credited.

References

1. Ries L, Melbert D, Krapcho M, Stinchcomb D, Howlader N,

Horner M et al. (2008) SEER cancer statistics review, 1975–

2005, based on November 2007 SEER data submission, posted to

the SEER web site. Cited; available from: http://seer.cancer.gov/

csr/1975_2005/

2. Kasper JS, Liu Y, Giovannucci E (2009) Diabetes mellitus and

risk of prostate cancer in the health professionals follow-up study.

Int J Cancer 124(6):1398–1403

3. Waters KM, Henderson BE, Stram DO, Wan P, Kolonel LN,

Haiman CA (2009) Association of diabetes with prostate cancer

risk in the multiethnic cohort. Am J Epidemiol 169(8):937–945

4. Bowker SL, Majumdar SR, Veugelers P, Johnson JA (2006)

Increased cancer-related mortality for patients with type 2 diabetes

who use sulfonylureas or insulin. Diabetes Care 29(2):254–258

5. Evans JM, Donnelly LA, Emslie-Smith AM, Alessi DR, Morris

AD (2005) Metformin and reduced risk of cancer in diabetic

patients. BMJ 330(7503):1304–1305

6. Vazquez-Martin A, Oliveras-Ferraros C, Menendez JA (2009)

The antidiabetic drug metformin suppresses HER2 (erbB-2)

oncoprotein overexpression via inhibition of the mTOR effector

p70S6K1 in human breast carcinoma cells. Cell Cycle 8(1):88–96

7. Zhuang Y, Miskimins WK (2008) Cell cycle arrest in Metformin

treated breast cancer cells involves activation of AMPK, down-

regulation of cyclin D1, and requires p27Kip1 or p21Cip1. J Mol

Signal 3:18

8. Buzzai M, Jones RG, Amaravadi RK, Lum JJ, DeBerardinis RJ,

Zhao F et al (2007) Systemic treatment with the antidiabetic drug

metformin selectively impairs p53-deficient tumor cell growth.

Cancer Res 67(14):6745–6752

9. Ben Sahra I, Laurent K, Loubat A, Giorgetti-Peraldi S, Colosetti

P, Auberger P et al (2008) The antidiabetic drug metformin exerts

an antitumoral effect in vitro and in vivo through a decrease of

cyclin D1 level. Oncogene 27(25):3576–3586

10. Dowling RJ, Zakikhani M, Fantus IG, Pollak M, Sonenberg N

(2007) Metformin inhibits mammalian target of rapamycin-

dependent translation initiation in breast cancer cells. Cancer Res

67(22):10804–10812

11. Schneider MB, Matsuzaki H, Haorah J, Ulrich A, Standop J, Ding

XZ et al (2001) Prevention of pancreatic cancer induction in

hamsters by metformin. Gastroenterology 120(5):1263–1270

12. Zakikhani M, Dowling R, Fantus IG, Sonenberg N, Pollak M

(2006) Metformin is an AMP kinase-dependent growth inhibitor

for breast cancer cells. Cancer Res 66(21):10269102–10269173

13. Zakikhani M, Dowling RJ, Sonenberg N, Pollak MN (2008) The

effects of adiponectin and metformin on prostate and colon neo-

plasia involve activation of AMP-activated protein kinase. Cancer

Prev Res (Phila Pa) 1(5):369–375

14. Algire C, Zakikhani M, Blouin MJ, Shuai JH, Pollak M (2008)

Metformin attenuates the stimulatory effect of a high-energy diet

on in vivo LLC1 carcinoma growth. Endocr Relat Cancer 15(3):

833–839

15. Agalliu I, Salinas CA, Hansten PD, Ostrander EA, Stanford JL

(2008) Statin use and risk of prostate cancer: results from a

population-based epidemiologic study. Am J Epidemiol 168(3):

250–260

16. Bailey CJ, Turner RC (1996) Metformin. N Engl J Med 334(9):

574–579

17. Top 200 Generic Drugs by Units in 2006. Drug Topics
18. Murtola TJ, Tammela TL, Lahtela J, Auvinen A (2008) Antidi-

abetic medication and prostate cancer risk: a population-based

case-control study. Am J Epidemiol 168(8):925–931

19. Peek ME, Cargill A, Huang ES (2007) Diabetes health dispari-

ties: a systematic review of health care interventions. Med Care

Res Rev 64(5 Suppl):101S–156S

20. Jiralerspong S, Palla SL, Giordano SH, Meric-Bernstam F, Liedtke

C, Barnett CM, Hsu L, Hung MC, Hortobagyi GN, Gonzalez-

Angulo AM (2009) Metformin and pathologic complete responses

to neoadjuvant chemotherapy in diabetic patients with breast can-

cer. J Clin Oncol 27(20):3297–3302

21. Hede K (2008) Doctors seek to prevent breast cancer recurrence

by lowering insulin levels. J Natl Cancer Inst 100(8):530–532

22. Hammarsten J, Hogstedt B (2005) Hyperinsulinaemia: a pro-

spective risk factor for lethal clinical prostate cancer. Eur J

Cancer 41(18):2887–2895

23. Ma J, Li H, Giovannucci E, Mucci L, Qiu W, Nguyen PL et al

(2008) Prediagnostic body-mass index, plasma C-peptide con-

centration, and prostate cancer-specific mortality in men with

Cancer Causes Control (2009) 20:1617–1622 1621

123

http://seer.cancer.gov/csr/1975_2005/
http://seer.cancer.gov/csr/1975_2005/


prostate cancer: a long-term survival analysis. Lancet Oncol

9(11):1039–1047

24. Hardie DG (2003) Minireview: the AMP-activated protein kinase

cascade: the key sensor of cellular energy status. Endocrinology

144(12):5179–5183

25. Hadad SM, Fleming S, Thompson AM (2008) Targeting AMPK:

a new therapeutic opportunity in breast cancer. Crit Rev Oncol

Hematol 67(1):1–7

26. Centers for Disease Control and Prevention (CDC) (2008) State-

specific incidence of diabetes among adults–participating states,

1995–1997 and 2005–2007. MMWR Morb Mortal Wkly Rep 57

(43):1169–1173

27. Werny DM, Saraiya M, Gregg EW (2006) Prostate-specific

antigen values in diabetic and nondiabetic US men, 2001–2002.

Am J Epidemiol 164(10):978–983

1622 Cancer Causes Control (2009) 20:1617–1622

123


	Metformin use and prostate cancer in Caucasian men: results from a population-based case-control study
	Abstract
	Purpose
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Study participants
	Data collection
	Statistical analysis

	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


