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Abstract
Patients with lung cancer face a substantially increased risk of thromboembolic disease. Patients with localized non-small cell lung
cancer (NSCLC) who are unfit for surgery due to age or comorbidity have additional thrombotic risk factors. Thus, we aimed to
investigate markers of primary and secondary hemostasis, since this could assist in treatment decisions. We included 105 patients
with localized NSCLC. Ex vivo thrombin generation was determined by calibrated automated thrombogram and in vivo thrombin
generation was determined by measurement of thrombin–antithrombin complex (TAT) levels and prothrombin fragment F1+ 2
concentrations (F1+ 2). Platelet aggregation was investigated by impedance aggregometry. Healthy controls were used for com-
parison. TAT and F1+ 2 concentrations were significantly higher in NSCLC patients than in healthy controls (P< .001). The levels
of ex vivo thrombin generation and platelet aggregation were not increased in the NSCLC patients. Patients with localized
NSCLC considered unfit for surgery had significantly increased in vivo thrombin generation. This finding should be further inves-
tigated as it could be relevant for the choice of thromboprophylaxis in these patients.
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Introduction
Lung cancer is one of the most thrombogenic cancers, with
thromboembolism occurring in up to 14% of patients.1 The
increased risk of thromboembolism in cancer patients2 has been
attributed to several factors including immobilization, central
venous catheters, and endothelial dysfunction and damage3 due
to tumor growth4 or surgery.5 The cancer cells also directly
activate the coagulation system through signals that stimulate
leukocytes and platelets among others.6,7 Furthermore,
treatment-related risk factors also contribute to the increased
thromboembolic risk in patients with cancer, and it is well-known
that both chemotherapy, antiangiogenic agents, and immunother-
apy increase the risk of thromboembolism.8

Both primary and secondary hemostasis is involved in
cancer-associated thrombosis (CAT). Platelets are a well-
established risk marker of CAT9 and are incorporated in the
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Khorana score used for the prediction of venous thromboembo-
lism in cancer patients.10 Thrombin generation is a global
marker of coagulation activity and has also been studied in rela-
tion to the risk of CAT. However, the determination of real-time
thrombin formation in the patient is complicated, due to the
rapid inhibition of thrombin in vivo. Hence, by-products of
thrombin generation, prothrombin fragment (F1+ F2) and
thrombin-antithrombin complex (TAT), can be used to estimate
in vivo thrombin generation.11,12 Therefore, they represent
markers of in vivo generation of thrombin13 and have further-
more been demonstrated to predict the risk of CAT14,15

Stereotactic body radiation therapy (SBRT) is high-dose
radiotherapy delivered in a few fractions to the tumor. SBRT is
offered to inoperable patients with localized non-small cell
lung cancer (NSCLC) and secures the same local control of the
tumor as surgery.16,17 As a result, SBRT is an alternative treat-
ment offered to medically inoperable cancer patients. Since
approximately 50% of lung cancers are diagnosed in patients
aged 70 years or older, patients are often inoperable due to
comorbidity, and are consequently treated with SBRT.17 Age
is known to be an independent risk factor for thromboembo-
lism,18 which further increases the risk of thromboembolic
events in these patients. As a result, NSCLC patients unfit for
surgery have several thromboembolic risk factors beyond
cancer, such as high age and substantial comorbidity. Thus, the
aim of this study was to investigate markers of primary and sec-
ondary hemostasis, since this could assist in treatment decisions.

Methods

Study Population
The study population was enrolled in this prospective single-
institutional study from October 2018 to April 2021 at the
Department of Oncology, Odense University Hospital,
Denmark. A total of 105 consecutive patients with newly diag-
nosed localized NSCLC (T1-T3N0M0) referred to SBRT were
included in the study. The patients met the following inclusion cri-
teria: (1) age >18 years, (2) planned SBRT as standard treatment,
which was considered best practice. Exclusion criteria were
inability to provide informed consent, venous thrombosis within
the last 3 months or a concurrent active cancer within the previous
year except for lung cancer. The study was conducted in accor-
dance with the declaration of Helsinki and was approved by the
regional ethical committee (project ID no. S-20180109). Oral
and written informed consent was obtained from all participants.

All patients were assessed by the Charlson comorbidity
index (scores 0-1, 2-3, and ≥ 4 were considered normal,
medium, and high, respectively).19

Blood samples were collected within 2 weeks prior to initi-
ation of SBRT.

Blood Sampling
Venous blood samples from both healthy controls and patients
were collected by antecubital vein puncture with a minimum of

stasis. The samples were kept at room temperature for a
maximum of 2 h before processing.

Blood samples for measuring thrombin generation, TAT
levels, and F1+ 2 concentrations were collected in 3.2%
sodium citrate tubes (Vacuette®, Greiner Bio-One International
GmbH, Kremsmünster, Austria). Within 30 min from the collec-
tion, blood was centrifuged at 3000 relative centrifugal force for
25 min. Plasma was subsequently frozen at −80 °C until
analysis.

Platelet aggregation was determined in whole blood col-
lected in hirudin tubes. Blood for fibrin d-dimer, fibrinogen,
international normalized ratio (INR), and activated partial
thromboplastin time (aPTT) was drawn into citrate tubes,
whereas hemoglobin, leukocytes, platelets, and immature plate-
let count (IPC), were collected in K2-EDTA tubes. Blood for
C-reactive protein (CRP), estimated glomerular filtration rate
(eGFR), alanine transaminase (ALAT), and bilirubin was col-
lected in lithium heparin tubes

Laboratory Analysis
Thrombin generation was measured in platelet-poor plasma
after the addition of tissue factor (1 pM) and phospholipids
(4 µM) using a calibrated automated thrombogram
(Thrombinoscope BV, Maastricht, the Netherlands) as previ-
ously described.20 The following parameters were reported:
Lag time (min) as a measure of the time to clot initiation,
time to peak (min) as a measure of the time to reach the
maximum peak height, peak height (nanomolar thrombin) as
a measure of the highest thrombin concentrations, and endoge-
nous thrombin potential (ETP) (area under the thrombogram,
nanomolar×min) representing the total amount of thrombin
being generated during the analysis.

TAT and F1+ 2 concentrations were analyzed in platelet-
poor plasma as described by Lundbech et al21 using commercial
enzyme-linked immunosorbent assays (Enzygnost® TAT
Micro, Siemens Healthcare GmbH, Erlangen, Germany) and
(Enzygnost® F1+ 2 Mono, Siemens Healthcare GmbH).
Samples were analyzed in duplicates and results were reported
as the mean value. Results were accepted if the coefficient of
variation (CV) between duplicates was <10%, or else the anal-
ysis was repeated. The F1+ 2 analysis had a measurement
range from 20 to 1200 pmol/L. The measurement range of
TAT was 2-60 µg/L, and results <2 µg/L were registered as
1 µg/L and results >60 µg/L were registered as 65 µg/L in the
statistical analysis. These arbitrary values were used since
they are identical to the values underlying the reference inter-
vals published by Lundbech et al.21

Platelet aggregation was analyzed in unprocessed whole
blood using multiple electrode aggregometry (Multiplate 5.0
Analyzer, Roche Diagnostics, Switzerland). Samples rested
for 30 min before being analyzed within 2 h from vein punc-
ture. Platelet aggregation was induced by three different ago-
nists; ADP 6.4 µM, (ADPtest), arachidonic acid 0.5 mM
(ASPItest), and thrombin receptor activator peptide-6 32 µM
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(TRAPtest). Results were reported as the area under the curve
(AUC) (aggregation units [AU]×min).

Hematology parameters were measured on Sysmex
XN-9000 (Sysmex, Kobe, Japan). INR, aPTT (Actin FS),
fibrinogen activity, and fibrin d-dimer were evaluated on
CS5100 (Siemens Healthineers, Erlangen, Germany) with
reagents from the manufacturer. CRP, eGFR, and ALAT
were measured on Cobas 8000 (Roche Diagnostics, Basel,
Schweiz) with reagents from the manufacturer.

Healthy Controls
Data from healthy controls regarding thrombin generation,
TAT, and F1+ 2 concentrations were generated in a previous
study by Lundbech et al.21 This cohort consisted of 57 (46%)
females and 67 (54%) males with a mean age of 42 years
(range 21-66).

Likewise, data on platelet aggregation in healthy controls
were obtained from a cohort collected by Ostrowski et al22

with a median age of 49 years and 73% women.
Results from healthy controls were all generated in the same

laboratory using identical equipment and methods as for the
study population.

Statistical Analysis
Data distribution was evaluated by Q-Q plots to determine if
they followed the Gaussian distribution. Normally distributed
data are presented by mean± standard deviation (SD)
whereas data that was not normally distributed are presented
as median with interquartile ranges. Differences between
healthy controls and patients with lung cancer were calculated
using an unpaired t-test if data were normally distributed and
by Mann–Whitney U test if data did not follow the Gaussian
distribution. Statistics were performed using GraphPad®
Software Version 8.0.1; San Diego, USA.

The sample size was fixed because the patients are part of a
larger study. With 105 patients included and 124 healthy con-
trols, we would have a power of 98% to detect a difference of
15% in ETP between the groups (mean ETP= 1293 nm×
min, 2alpha= 0.05). The power calculation was performed
using STATA/MP 17.0 for Windows (64-bit× 86-64);
College Station, Texas, USA

Patients receiving anticoagulant treatment were subse-
quently excluded from the statistical analyses of thrombin gen-
eration, TAT, and F1+ 2 concentrations. Likewise, patients
receiving antiplatelet therapy were excluded from the platelet
aggregation analysis.

Results
A total of 105 patients with localized NSCLC and planned for
SBRT were enrolled in the study. The median age was 74 years
with an even distribution of sex. The majority of patients were
comorbid with 61% scoring ≥ 2 using the Charlson
Comorbidity Index. A total of 61 patients received antithrombotic

treatment at the time of enrollment; 39 patients received antiplate-
let therapy of which 6 patients received double antiplatelet therapy
and 23 patients were treated with anticoagulant therapy (direct
oral anticoagulants [DOACs; n= 14], vitamin K-antagonists
[VKA; n= 6], or low molecular weight heparin [LMWH; n=
3]). Two patients received both anticoagulant therapy and anti-
platelet therapy. Patient characteristics are presented in Table 1.

Patients with localized NSCLC not receiving anticoagulants
(n= 83) had thrombin generation in the same range as healthy
controls (n= 124) expressed by no difference in lag time (P=
.81), peak (P= .10), and time-to-peak (P= .81). ETP was

Table 1. Demographic and Clinical Characteristics Including Routine
Biochemistry in 105 Patients with Localized Non-Small Cell Lung
Cancer.

Variables Results

Sex, female n(%), [105] 50 (48%)
Age (years), median (range) 74 (55-93)
Smoking n(%)[105]
Present 47 (45%)
Formera 55 (52%)
Never 3 (3%)

Histology n(%)[105]
Adenocarcinoma 63 (60%)
Non-adenocarcinoma 42 (40%)

Lung cancer stage n(%)[105]
1A 67 (64%)
1B 26 (25%)
2A 7 (6%)
2B 5 (5%)

Khorana score n(%)[105]
1 59 (56%)
2 36 (34%)
3+ 10 (10%)

Charlson Comorbidity Index n(%)[105]
0-1 41 (39%)
2-3 50 (48%)
≥4 16 (13%)

Routine biochemistry, (reference interval) Median (25%;75%
percentiles)

Fibrin D-dimer, mg/l FEU, (<0.8), [102] 0.69 (0.37;1.12)
Fibrinogen, µmol/l, (5.2-12.6), [103] 12.2 (10.9;13.8)
International normalized ratio (INR),
<1.2, [103]

1.0 (0.9;1.1)

Activated partial thromboplastin time
(APTT), s, (22-28), [103]

25 (23;27)

Hemoglobin, mmol/l, (7.3-10.5), [105] 8.6 (8.0;9.1)
Leukocytes, 109/l, (3.5-8.8), [105] 8.0 (6.9;9.5)
Platelet count, 109/l, (145-400), [105] 287 (221;359)
Immature platelet count, 109/l,
(0.01-0.06), [104]

0.03 (0.02;0.05)

C-reactive protein, mg/l, (<6), [104] 2.9 (1.4;8.0)
Estimated glomerular filtration rate, mL/
min, (>59), [98]

79 (61;88)

Alanine transaminase, U/l, (10-70), [97] 18 (14;25)
Bilirubin, µmol/l, (5-25), [97] 6 (5;8)

Due to a few missing data, [n] is indicated for each variable in the table.
aFormer smoker is defined as an adult who has smoked at least 100 cigarettes in
his or her lifetime but who had quit smoking at the time of interview.
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significantly lower in lung cancer patients than in healthy con-
trols (P= .01), Figure 1A. Patients with localized NSCLC (n=
74) showed significantly higher TAT complex levels than
healthy controls (n= 122) (P< .001), Figure 1B. Also, F1+ 2
concentrations were significantly higher in the patients with
localized NSCLC (n= 66) than in healthy controls (n= 124)
(P < .001), Figure 1C.

For patients not receiving antiplatelet therapy, all median
platelet aggregation values expressed by AUC were within
the reference interval (n= 66). Patients with localized NSCLC
showed lower platelet aggregation than healthy controls
(n= 80) for TRAP (P< .001) and no significant difference
between the groups for ASPI (P= .11) or ADP (P= .55),
Figure 2.

Figure 1. Endogenous thrombin potential (A), thrombin-antithrombin complex levels (B), and prothrombin fragment F1+ 2 concentrations
(C) in healthy controls and in patients with localized lung cancer unfit for surgery presented as median and ranges. Patients receiving
anticoagulants were excluded.

Figure 2. Platelet aggregation presented as area under the curve (AUC) in healthy controls and in patients with localized lung cancer unfit for
surgery, activated with three different agonists presented as median and ranges. Patients receiving antiplatelet therapy were excluded.
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The medians of all routine biochemical parameters including
INR, aPTT, platelet count, and fibrinogen were within the
respective reference intervals as presented in Table 1.

Discussion
In this study, we demonstrated that in vivo thrombin generation,
reflected by TAT and F1+ 2 concentrations, was significantly
increased in patients with localized NSCLC compared to
healthy controls. Thrombin plays a pivotal role in the coagula-
tion process,11 and the analysis of ex vivo thrombin generation
determines the capacity of the coagulation system. In contrast,
both TAT and F1+ 2 concentrations are markers of in vivo
thrombin generation since they are generated in the conversion
from prothrombin to thrombin.23

Here, we report increased in vivo thrombin generation
reflected by increased TAT complex levels and F1+ 2 concen-
trations indicating that these co-morbid NSCLC patients gener-
ate more thrombin in vivo than healthy controls. On the
contrary, ex vivo thrombin generation was not elevated. The
lack of increased ex vivo thrombin generation in combination
with elevated TAT and F1+ 2 concentrations is in accordance
with a previous study comparing early-stage operable lung
cancer patients with healthy controls.21,24 This pattern is
hypothesized to be due to an exhaustion phenomenon caused
by an increased in vivo production of thrombin resulting in a
decreased ability to generate thrombin ex vivo. This phenome-
non has also been described in patients with arterial thrombosis
by Hansen et al in which thrombin generation in patients with
ST-segment elevation myocardial infarction was evaluated.25

Platelets also play an essential role in cancer-related throm-
bosis.26,27 However, we do not find that the patients with local-
ized NSCLC in this study have increased platelet aggregation.
This is in contrast to our expectations based on a previous
study by Hvas et al, showing increased platelet aggregation in
patients with operable lung cancer compared to healthy con-
trols.28 The stage of cancer in the study by Hvas et al is like
the one in the present study, but Charlson Comorbidity Index
was not calculated by Hvas et al, hence a strict comparison is
therefore not possible.

The present study is limited by the uncertainty of consump-
tion of over-the-counter drugs and natural therapeutics, for
example, fish oil, since these might be unreported by the patients.
The finding of slightly lower platelet aggregation in comparison
to healthy controls could be due to interaction with
over-the-counter drugs as platelet aggregation is reduced by anal-
gesics in the form of non-steroidal anti-inflammatory drugs and
acetylsalicylic acid.29 In addition, natural therapeutics such as
fish oil among others can also inhibit platelet aggregation.30

Furthermore, 21% of the included patients were treated with
anticoagulants and because of this were excluded from the stat-
istical analysis to avoid bias. This impairs over results,
however, substantiates the hypothesis of this comorbide popu-
lation being hypercoagulable and underlines the need for larger
studies to overcome this impediment caused by antithrombotic
medication.

Conclusion
We have demonstrated increased in vivo thrombin generation in
patients with localized NSCLC unfit for surgery with consider-
able comorbidities. The potential clinical implications of this
finding must be further investigated as enhanced in vivo throm-
bin generation could be a significant contributor to the increased
thrombosis risk in this high-risk population.

Declaration of Conflicting Interests
The authors declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding
The authors disclosed receipt of the following financial support for the
research, authorship, and/or publication of this article: This work was
supported by the Academy of Geriatric Cancer Research (AgeCare),
Odense University Hospital, Denmark, Danish Cancer Society
Research Center, (grant number R247-A14616)

ORCID iD
Johanne Andersen Hojbjerg https://orcid.org/0000-0002-5604-
3451

References

1. Alexander M, Kirsa S, Wolfe R, et al. Thromboembolism in lung
cancer – an area of urgent unmet need. Lung Cancer. 2014;84:275-
280.

2. Khorana AA, Mackman N, Falanga A, et al. Cancer-associated
venous thromboembolism. Nat Rev Dis Primers. 2022;8(1):11.

3. Peng Z, Shu B, Zhang Y, Wang M. Endothelial response
to pathophysiological stress. Arterioscler Thromb Vasc Biol.
2019;39(11):e233-e243.

4. Prandoni P, Campello E. Venous thromboembolism in cancer
patients undergoing chemotherapy: Risk factors and prevention.
Semin Thromb Hemost. 2021;47(8):914-919.

5. Razak NB A, Jones G, Bhandari M, Berndt MC, Metharom P.
Cancer-associated thrombosis: An overview of mechanisms, risk
factors, and treatment. Cancers (Basel). 2018;10(10):380.

6. Kyriazi V, Theodoulou E. Assessing the risk and prognosis of
thrombotic complications in cancer patients. Arch Pathol Lab
Med. 2013;137(9):1286-1295.

7. Hamza MS, Mousa SA. Cancer-associated thrombosis: Risk
factors, molecular mechanisms, future management. Clin Appl
Thromb Hemost. 2020:26:1076029620954282.

8. Connolly GC, Francis CW. Cancer-associated thrombosis.
Hematology Am Soc Hematol Educ Program. 2013;2013:684-691.

9. Simanek R, Vormittag R, Ay C, et al. High platelet count associ-
ated with venous thromboembolism in cancer patients: Results
from the Vienna cancer and thrombosis study (CATS).
J Thromb Haemost. 2010;8(1):114-120.

10. Khorana AA, Kuderer NM, Culakova E, Lyman GH, Francis CW.
Development and validation of a predictive model for chemother-
apy-associated thrombosis. Blood. 2008;111(10):4902-4907.

11. Larsen JB, Hvas AM. Thrombin: A pivotal player in hemostasis
and beyond. Semin Thromb Hemost. 2021;47(7):759-774.

Hojbjerg et al 5

https://orcid.org/0000-0002-5604-3451
https://orcid.org/0000-0002-5604-3451
https://orcid.org/0000-0002-5604-3451


12. Lippi G, Cervellin G, Franchini M, Favaloro EJ. Biochemical
markers for the diagnosis of venous thromboembolism: The past,
present and future. J Thromb Thrombolysis. 2010;30(4):459-471.

13. Reddel CJ, Tan CW, Chen VM. Thrombin generation and cancer:
Contributors and consequences. Cancers (Basel). 2019;11(1):100.

14. Ay C, Vormittag R, Dunkler D, et al. D-dimer and prothrombin
fragment 1+ 2 predict venous thromboembolism in patients with
cancer: Results from the Vienna cancer and thrombosis study. J
Clin Oncol. 2009;27(25):4124-4129.

15. Falanga A, Ofosu FA, Cortelazzo S, et al. Preliminary study to
identify cancer patients at high risk of venous thrombosis follow-
ing major surgery. Br J Haematol. 1993;85(4):745-750.

16. Guckenberger M, Allgäuer M, Appold S, et al. Safety and efficacy
of stereotactic body radiotherapy for stage 1 non-small-cell lung
cancer in routine clinical practice: A patterns-of-care and
outcome analysis. J Thorac Oncol. 2013;8(8):1050-1058.

17. Ricardi U, Badellino S, Filippi AR. Stereotactic radiotherapy for
early stage non-small cell lung cancer. Radiat Oncol J.
2015;33(2):57-65.

18. Previtali E, Bucciarelli P, Passamonti SM, Martinelli I. Risk
factors for venous and arterial thrombosis. Blood Transfus.
2011;9(2):120-138.

19. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method
of classifying prognostic comorbidity in longitudinal studies:
Development and validation. J Chronic Dis. 1987;40(5):373-383.

20. Vibede E, Hvas CL, Tønnesen E, Hvas A-M. The effect of fresh
frozen plasma in critically ill patients. Acta Anaesthesiol Scand.
2017;61(5):492-501.

21. Lundbech M, Krag AE, Christensen TD, Hvas AM. Thrombin
generation, thrombin-antithrombin complex, and prothrombin

fragment F1+ 2 as biomarkers for hypercoagulability in cancer
patients. Thromb Res. 2020;186:80-85.

22. Ostrowski SR, Søgaard OS, Tolstrup M, et al. Inflammation and
platelet activation after COVID-19 vaccines - possible mecha-
nisms behind vaccine-induced immune thrombocytopenia and
thrombosis. Front Immunol. 2021;12:779453.

23. Ota S, Wada H, Abe Y, et al. Elevated levels of prothrombin frag-
ment 1+ 2 indicate high risk of thrombosis. Clin Appl Thromb
Hemost. 2008;14(3):279-285.

24. Christensen TD, Vad H, Pedersen S, et al. Coagulation profile in
patients undergoing video-assisted thoracoscopic lobectomy: A
randomized, controlled trial. PLoS One. 2017;12(2):e0171809.

25. Hansen CH, Ritschel V, Andersen G, et al. Markers of thrombin
generation are associated with long-term clinical outcome in
patients with ST-segment elevation myocardial infarction. Clin
Appl Thromb Hemost. 2018;24(7):1088-1094.

26. Navi BB, Reiner AS, Kamel H, et al. Risk of arterial thromboem-
bolism in patients with cancer. J Am Coll Cardiol.
2017;70(8):926-938.

27. Schlesinger M. Role of platelets and platelet receptors in cancer
metastasis. J Hematol Oncol. 2018;11(1):125.

28. Hvas AM, Vad H, Pedersen S, et al. Platelet function in lung
cancer patients undergoing lobectomy. Scand J Clin Lab Invest.
2019;79(7):513-518.

29. Scharf RE. Drugs that affect platelet function. Semin Thromb
Hemost. 2012;38(8):865-883.

30. Lorenz R, Spengler U, Fischer S, Duhm J, Weber PC. Platelet
function, thromboxane formation and blood pressure control
during supplementation of the western diet with cod liver oil.
Circulation. 1983;67(3):504-511.

6 Clinical and Applied Thrombosis/Hemostasis


	 Introduction
	 Methods
	 Study Population
	 Blood Sampling
	 Laboratory Analysis
	 Healthy Controls
	 Statistical Analysis

	 Results
	 Discussion
	 Conclusion
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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 false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


