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Abstract
Background: Emicizumab, a bispecific monoclonal antibody for hemophilia A (HA), has strong pharmacodynamic effects in sev-
eral coagulation assays resulting in dosing difficulties with Factor VIII (FVIII) concentrates during bleeding emergencies.
Materials and Methods: Single and multiple regression models were studied to estimate FVIII activity using 27 archived plasma
samples from three patients with HA without inhibitor under emicizumab treatment. Explanatory variables were FVIII chromo-
genic assay (CSA), Ad|min1|, Ad|min2|, the number of seconds of APTT, and the FVIII one-stage assay (OSA), which were mea-
sured without idiotype antibodies. The response variable was FVIII OSA measured with idiotype antibodies.
Results: In the simple linear model, the FVIII CSA regression coefficient was 1.04 and the intercept was −14.55 (r2= 0.95; p <
0.001). In the multiple regression model, FVIII OSA and FVIII CSA were selected based on the Akaike Information Criterion, with
regression coefficients of 1.74 and 1.15, respectively, and an intercept of −92.03 (r2= 0.96, p < 0.001).
Conclusions: The regression models can estimate the FVIII:C levels in patients with HA receiving emicizumab and would be
useful in a bleeding emergency and/or surgery.
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Background
Hemophilia A (HA) is an X-linked hereditary bleeding disorder
caused by deficiency of coagulation factor (F) VIII activity.
Under physiological conditions, FVIII is activated by thrombin
and subsequently acts as a cofactor for activated FIX (FIXa) to
facilitate the activation of FX. Consequently, reduced FVIII
activity leads to diminished generation of FXa, resulting in
insufficient coagulation potential and bleeding complications.1,2

HA is classified into three types based on FVIII activity levels:
mild HA (5 to < 40% FVIII activity); moderate HA (1 to <
5%); and severe HA (< 1%).3 Usually, HA is treated with intra-
venous administration of recombinant or plasma-derived FVIII
concentrates to restore hemostasis.4 Routine supplementation
with FVIII has two major drawbacks aside from its expense:
the development of inhibitors and the need for frequent venous
access for FVIII injection. Inhibitors precluding the use of
FVIII make it difficult to control bleeding because alternative
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treatment agents (such as recombinant activated FVII and acti-
vated prothrombin complex concentrates) have shorter half-
lives, cost more than FVIII, and are not always effective.5–8

A new treatment option for patients with HA with FVIII
inhibitor is the subcutaneous, 1.5 mg/kg once-weekly adminis-
tration of emicizumab, a novel, bispecific, humanized monoclo-
nal antibody, which has been approved in several countries for
routine prophylaxis in patients with HA with FVIII inhibitor.5

Emicizumab mimics the function of FVIIIa by bridging FIXa
and FX to restore effective hemostasis.5 Although emicizumab
and FVIII show some functional similarities, several key differ-
ences influence the results of standard laboratory assays when
conducted in the presence of emicizumab. This can result in
misleading interpretation of coagulation assays in patients
treated with emicizumab.9 Emicizumab has strong pharmaco-
dynamic effects on activated partial thromboplastin time
(APTT)-based assays and chromogenic FVIII assays (CSA)
using human FX/FIXa.10 As a result of the interference of emi-
cizumab with APTT, the FVIII one-stage assay (OSA) reports
FVIII activities exceeding 150% in the presence of emicizu-
mab.11,12 Consequently, all variations of OSA and Bethesda
assays using OSA to interpret results should be avoided in the
management of patients receiving emicizumab. The FVIII
CSA using bovine FX/FIXa can measure FVIII:C accurately
because emicizumab does not interfere with bovine factors.
However, the availability of bovine reagents is now limited in
Japan;9 hence, laboratory tests are needed to estimate FVIII:C
for patients with HA requiring FVIII infusions.

In a previous study, two anti-idiotype monoclonal antibodies
(mAbs)were developed (rcAQ8, amAb binding to the anti-FIXa
arm of emicizumab; and rcAJ540, an anti-FX arm mAb) and
assessed using APTT and FVIII OSA.13 The addition of both
rcAQ8 and rcAJ540 to samples containing emicizumab almost
completely eliminated its binding potential for human FIXa
and FX. This implies that the assays measured FVIII activity
as they would in the absence of emicizumab.13 However, these
antibodies are not commercially available, and one needs to
apply to the pharmaceutical company to obtain them.
Therefore, FVIII activity cannot be accurately measured in the
case of a bleeding emergency in patients with HA receiving emi-
cizumab when FVIII concentrates are administered. In this
study, we studied regression models to estimate FVIII activity
in the presence of emicizumab to address this issue.

Materials and Methods

Patients and Clinical Samples
Twenty-seven archived plasma samples from three patients (age
range, 43-78 years) with severe HA without inhibitor for FVIII
at the Tottori University Hospital, Tottori, Japan, from 2019 to
2021 were used in this study. These patients were given stand-
ard FVIII concentrates because of orthopedic surgery, prostate
biopsy, or appearance of bleeding events. All samples were col-
lected during the steady state of emicizumab therapy and using
standard venipuncture blood collection tubes containing one-

tenth volume of sodium citrate (3.2%/0.109 M) to provide a
final citrate concentration of 0.32%/0.0109 M. Platelet-poor
plasma was obtained after centrifugation of citrated whole
blood for 15 min at 1500× g. All plasma samples were stored
at− 80 °C and thawed at 37 °C immediately prior to the
assays. All samples were analyzed within 6 months. This
study was approved by the Ethics Committee at Tottori
University Faculty of Medicine (approval number: 19A056).

Coagulation Assays
Coagulation assays for APTT (Thrombocheck APTT-SLA
using ellagic acid and silica as triggers; Sysmex, Kobe, Japan),
FVIII OSA (FVIII-deficient plasma; SIEMENS, Marburg,
Germany), and FVIII chromogenic assay (CSA) (Revohem
FVIII chromogenic; Sysmex, Kobe, Japan) using human FX
and FIXa were performed using commercially available diag-
nostic kits according to instructions provided by the manufactur-
ers. Additionally, we used the parameters Adjusted |min1| (Ad|
mn1|) and Adjusted |min2| (Ad|min2|), which are obtained
from theAPTT clotting wave form calculated by the blood coag-
ulation analyzer CN-6000 (Sysmex, Kobe, Japan). With the
modified clot waveform analysis (CWA), the minimum trans-
mittance (0%) was set in the immediate post coagulation
phase, and Ad|min1| and Ad|min2| were defined accordingly
as the maximum coagulation velocity and acceleration, respec-
tively, obtained from the first or second derivative of this
adjusted clot waveform.14 Samples from patients with HA
with emicizumab treatment were analyzed with or without anti-
idiotype antibodies (both rcAQ8 and rcAJ540).13 Plasma and
antibodiesweremixed at a ratio of 20:1. These anti-idiotype anti-
bodies were kindly provided by Chugai Pharmaceutical, Tokyo.

Statistical Analysis
The following values measured without antibodies were used as
explanatory variables: FVIII CSA, Ad|min1|, Ad|min2| and the
number of seconds of APTT (APTT [s]) and FVIII OSA. FVIII
OSA measured with antibodies was the response variable in the
simple and multiple regression models. In the multiple regres-
sion (MR) analysis, variables were selected based on the
Akaike Information Criterion (AIC) using the stepwise
method in both directions, and the significance level of each
variable was set to P < 0.05. Statistical analysis was performed
using EZR software (ver. 1.54, Saitama Medical Center, Jichi
Medical University, Saitama, Japan), which is a Japanese user
interface for R (ver. 4.0.3, The R Foundation for Statistical
Computing, Vienna, Austria).15

Results
To evaluate the linearity of FVIII:C measured with anti-
idiotype antibodies, we formulated different concentrations of
FVIII by mixing two plasma samples, before and after admin-
istration of FVIII concentrates. The R2 between FVIII:C
values measured in vitro with antibodies and expected FVIII:
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C values was 0.997 (Figure 1), showing a good linearity over
the clinical range. Since FVIII OSA exceeded the upper limit
of measurement, the APTT (s) after mixing patient plasma
and FVIII-deficient plasma was used in the regression analysis.

In the simple linear regression (SLR) model, Ad|min1|, Ad|
min2|, FVIII OSA, and FVIII CSA were significant variables,
with FVIII CSA being the most significant (regression coeffi-
cient= 1.04, intercept= − 14.55; adjusted R2= 0.95; p <
0.001; AIC= 125.69). FVIII:C estimation by Ad|min1|, Ad|
min2| or FVIII OSA was inaccurate, giving negative values in
case of FVIII under 20%. In the MR model, FVIII OSA and
FVIII CSA were selected as explanatory variables based on
AIC, using the stepwise method with both directions. The
regression coefficient estimates of FVIII OSA and FVIII CSA
were 1.74 and 1.15, respectively, and the intercept of this
model was− 92.03 (Table 1). In case of SLR (Figure 2A–E),
FVIII CSA showed the smallest AIC and this model estimated
FVIII better than the other models. The addition of FVIII OSA
to FVIII CSA improved the estimation slightly (Figure 2F).
This model had the smallest AIC and fitted well (adjusted R2

= 0.96; p < 0.001; AIC= 120.3). The variance inflation
factors were 2.05 and 2.05, for MR, respectively.

Discussion
Although emicizumab mimics the activity of FVIIIa, the two
molecules have no structural homology and have several bio-
chemical and functional differences. Emicizumab has a half-life
of approximately 30 days12,16 and achieves stable mean plasma

concentrations by week 4 of treatment in clinical studies.17,18

Conversely, FVIII has a half-life of approximately 12 h,19

which is dependent on several inter- and intra-individual factors.
Since the coagulation function during administration of emici-

zumab is estimated to be approximately 15% of FVIII equivalent
activity,20 it is necessary to supplement FVIII concentrates at the
time of bleeding depending on the severity. However, emicizu-
mab influence the results of several standard laboratory assays
and can result in misleading interpretation of coagulation assays
in emicizumab-treated patients. In this study, we studied regres-
sion models to estimate FVIII activity in patients with HA
(without inhibitor) who received emicizumab therapy.
Regression analysis enables the identification and characterization
of relationships among multiple factors. It also enables the identi-
fication of prognostically relevant risk factors and the calculation
of risk scores for individual prognostication. In the SLR models,
Ad|min1|, Ad|min2|, FVIII OSA, and FVIII CSAwere significant
variables and FVIII CSA is clinically feasible for the estimation of
FVIII:C. The absolute value of the intercept (− 14.55) of the
FVIII CSAmodel appeared to reflect the equivalent FVIII activity
of emicizumab during the maintenance phase of the treatment,
which is estimated to be approximately 15%.20 Therefore, the
absolute value of the intercept would be lower in patients
during the saturation phase of emicizumab treatment.

In the MR model, the addition of FVIII OSA improved the
estimation slightly and the regression coefficient was 1.74 for
APTT (s) in OSA. The coefficient means that FVIII:C length-
ens APTT in OSA. Because FVIII has a higher affinity for
FIXa/FX than for emicizumab, it seems that the action of emi-
cizumab is reduced in the presence of both, and the reduction
in APTT by emicizumab is reversed. Ad|min1| and Ad|min2|
were also significant variables in the SLR model, which
should reflect the differences between FVIII and emicizumab.
Because emicizumab does not require an activation step by
thrombin-mediated proteolysis to obtain its cofactor activity,9

the coagulation velocity and acceleration of emicizumab are
slower than those of FVIII.14

Some trials evaluating coagulation and fibrinolysis in
emicizumab-treated patients have been reported, such as modi-
fied CWA, thromboelastography, and the thrombin generation
assay.14,21–23 Compared to these methods, estimation using
FVIII CSA is easier and available in many laboratories
because it does not require special equipment. Schmitt et al.
investigated the pharmacokinetics and pharmacodynamics of
emicizumab in patients with HA from the HAVEN 1 trial.24

They also assessed FVIII chromogenic activity, and the throm-
bin generation assay provided an indication of emicizumab pro-
coagulant activity.24 Furthermore, bovine CSA can measure
FVIII:C accurately without interference of emicizumab;
however, its availability is now limited in some regions.9 The
major limitations of this study are the small sample size and
age bias. It will be necessary to investigate whether this
model is appropriate for more adult and pediatric patients. In
addition, the impact of emicizumab function on extrinsic coag-
ulation in trauma and the diluted coagulopathy in surgery
remains to be investigated.

Figure 1. Evaluation of the linearity of FVIII:C measured by
one-stage assay with neutralizing anti-idiotype antibodies. Two plasma
samples (which were taken before and after administration of FVIII
concentrates) were mixed to prepare a serial dilution, and FVIII:C was
measured by one-stage assay with (open circles) or without (closed
circles) antibodies.
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In patients with HA with inhibitor, bypassing agents such
as recombinant FVIIa and activated prothrombin complex
concentrate are used, especially with high levels of inhibitors
where FVIII replacement is ineffective.25,26 Estimation of
FVIII:C is then redundant. However, in patients with lower
levels of inhibitor, the FVIII concentrates are still effective
and preferable because of cost. The current model using

FVIII OSA and FVIII CSA may be helpful but should be
investigated further.

Conclusions
FVIII:C in patients with HA under emicizumab therapy can be
estimated using a regression model with FVIII CSA. The

Table 1. Simple and multiple regression analyses of plasma samples from patients with hemophilia A without inhibitor for FVIII.

Simple regression

Multiple regression

No selection AIC selection

PRC (95% CI) Intercept r2 PRC (95% CI) Intercept r2 PRC (95% CI) Intercept r2

APTT −9.11
(− 20.52-2.30)

244.97 0.098 1.2
(− 3.22-5.63)

−246.76 0.96 ns

Ad|min1| 46.15
(32.19-60.12)

−369.81 0.64 21.36
(− 46.23-88.97)

ns

Ad|min2| 209.32
(139.65-279.0)

−235.79 0.60 −57.99
(− 362.16-246.16)

ns

FVIII OSA −7.49
(− 11.31–−3.67)

351.68 0.39 2.24
(− 0.20-4.69)

1.74
(0.44-3.06)

−92.03 0.96

FVIII CSA 1.04
(0.95-1.13)

−14.55 0.95 1.05
(0.83-1.27)

1.15
(1.04-1.27)

APTT, activated partial thromboplastin time; OSA, one-stage assay; CSA, chromogenic assay; PRC, partial regression coefficient; CI, confidence interval; AIC,
Akaike Information Criterion; ns, not selected.

Figure 2. (A–F) Estimation of FVIII:C by each regression model. The X-axis denotes FVIII:C measured by one-stage assay with antibodies, and
the Y-axis denotes the FVIII:C estimated by each model. Estimated FVIII:C values were calculated with the partial regression coefficients and
intercepts as shown in Table 1 by simple regression models (A–E) and a multiple regression model (F). In the multiple regression model,
variables were selected based on the AIC using the stepwise method in both directions.
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regression model would be useful in responding to a bleeding
emergency and/or surgery when specific reagents are not
available.

Acknowledgments
We would like to thank Editage (www.editage.com) for English lan-
guage editing.

Authors’ Contributions
Y.H. designed and performed the study and wrote the first draft of the
manuscript; Y.H. and S.S. treated and managed the patients; K.K. con-
tributed essential reagents and tools; H.N., N.K., T.I., T.H., N.Y., and
H.I. acquired and analyzed the data; T.M. and T.F. supervised the study
and reviewed and edited the manuscript.

Research Ethics and Patient Consent
This study was approved by the Ethics Committee at Tottori
University, Faculty of Medicine (approval number: 19A056).
Informed consent was obtained through an opt-out approach.

Availability of Data and Materials
The datasets used and/or analyzed during the current study are avail-
able from the corresponding author on reasonable request.

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

Funding
The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD
Yuki Hatayama https://orcid.org/0000-0002-5256-1913

References

1. Tiede A, Abdul Karim F, Jiménez-Yuste V, et al. Factor VIII
activity and bleeding risk during prophylaxis for severe hemo-
philia A: a population pharmacokinetic model. Haematologica.
2021;106(7):1902‐1909.

2. Samuelson Bannow B, Recht M, Négrier C, et al. Factor VIII:
long-established role in haemophilia A and emerging evidence
beyond haemostasis. Blood Rev. 2019;35:43‐50.

3. Srivastava A, Santagostino E, Dougall A, et al. WFH Guidelines
for the management of hemophilia, 3rd edition. Haemophilia.
2020;26(S6):1‐158.

4. Franchini M, Mannucci PM. Hemophilia A in the third millen-
nium. Blood Rev. 2013;27(4):179‐184.

5. Kitazawa T, Igawa T, Sampei Z, et al. A bispecific antibody to
factors IXa and X restores factor VIII hemostatic activity in a
hemophilia A model. Nat Med. 2012;18(10):1570‐1574.

6. Young G, Auerswald G, Jimenez-Yuste V, et al. When should
prophylaxis therapy in inhibitor patients be considered?
Haemophilia. 2011;17(5):e849‐e857.

7. Astermark J, Donfield SM, DiMichele DM, et al. A randomized
comparison of bypassing agents in hemophilia complicated by
an inhibitor: the FEIBA NovoSeven comparative (FENOC)
study. Blood. 2006;109(2):546‐551.

8. Leissinger C, Gringeri A, Antmen B, et al. Anti-Inhibitor coagu-
lant Complex prophylaxis in hemophilia with inhibitors. N Engl
J Med. 2011;365(18):1684‐1692.

9. Müller J, Pekrul I, Pötzsch B, Berning B, Oldenburg J, Spannagl
M. Laboratory monitoring in emicizumab-treated persons with
hemophilia A. Thromb Haemostasis. 2019;119(9):1384‐1393.

10. Adamkewicz JI, Chen DC, Paz-Priel I. Effects and interferences of
emicizumab, a humanised bispecific antibody mimicking acti-
vated factor VIII cofactor function, on coagulation assays.
Thromb Haemostasis. 2019;119(7):1084‐1093.

11. Al-Samkari H, Croteau SE. Shifting landscape of hemophilia
therapy: implications for current clinical laboratory coagulation
assays. Am J Hematol. 2018.

12. Uchida N, Sambe T, Yoneyama K, et al. A first-in-human phase 1
study of ACE910, a novel factor VIII-mimetic bispecific antibody,
in healthy subjects. Blood. 2016;127(13):1633‐1641.

13. Nogami K, Soeda T, Matsumoto T, Kawabe Y, Kitazawa T, Shima
M. Routine measurements of factor VIII activity and inhibitor titer
in the presence of emicizumab utilizing anti-idiotype monoclonal
antibodies. J Thromb Haemost. 2018;16(7):1383‐1390.

14. Nogami K, Matsumoto T, Tabuchi Y, et al. Modified clot wave-
form analysis to measure plasma coagulation potential in the pres-
ence of the anti-factor IXa/factor X bispecific antibody
emicizumab. J Thromb Haemost. 2018;16(6):1078‐1088.

15. Kanda Y. Investigation of the freely available easy-to-use software
‘EZR’ for medical statistics. Bone Marrow Transplant. 2013;48-
(3):452‐458.

16. Kitazawa T, Esaki K, Tachibana T, et al. Factor VIIIa-mimetic
cofactor activity of a bispecific antibody to factors IX/IXa and
X/Xa, emicizumab, depends on its ability to bridge the antigens.
Thromb Haemostasis. 2017;117(7):1348‐1357.

17. Mahlangu J, Oldenburg J, Paz-Priel I, et al. Emicizumab prophy-
laxis in patients Who have hemophilia A without inhibitors. N
Engl J Med. 2018;379(9):811‐822.

18. Oldenburg J, Mahlangu JN, Kim B, et al. Emicizumab prophylaxis
in hemophilia A with inhibitors. N Engl J Med. 2017;377(9):809‐
818.

19. van Dijk K, van der Bom JG, Lenting PJ, et al. Factor VIII half-life
and clinical phenotype of severe hemophilia A. Haematologica.
2005;90(4):494‐498.

20. Muto A, Yoshihashi K, Takeda M, et al. Anti-factor IXa/X bispe-
cific antibody (ACE910): hemostatic potency against ongoing
bleeds in a hemophilia A model and the possibility of routine sup-
plementation. J Thromb Haemost. 2014;12(2):206‐213.

21. Hemker HC, Giesen P, Al Dieri R, et al. Calibrated automated
thrombin generation measurement in clotting plasma.
Pathophysiol Haemost Thromb. 2003;33(1):4‐15.

22. Yada K, Nogami K, Ogiwara K, et al. Global coagulation func-
tion assessed by rotational thromboelastometry predicts
coagulation-steady state in individual hemophilia A patients
receiving emicizumab prophylaxis. Int J Hematol. 2019;110-
(4):419‐430.

Hatayama et al. 5

www.editage.com
https://orcid.org/0000-0002-5256-1913
https://orcid.org/0000-0002-5256-1913


23. Furukawa S, Nogami K, Shimonishi N, Nakajima Y, Matsumoto
T, Shima M. Prediction of the haemostatic effects of bypassing
therapy using comprehensive coagulation assays in emicizumab
prophylaxis-treated haemophilia A patients with inhibitors. Br J
Haematol. 2020;190(5):727‐735.

24. Schmitt C, Adamkewicz JI, Xu J, et al. Pharmacokinetics and
pharmacodynamics of emicizumab in persons with hemophilia

A with factor VIII inhibitors: HAVEN 1 study. Thromb
Haemostasis. 2021;121(3):351‐360.

25. Kempton CL, White GC. 2nd. How we treat a hemophilia A
patient with a factor VIII inhibitor. Blood. 2009;113(1):11‐17.

26. Malkan UY, Aksu S. Combination of novoseven and feiba in
hemophiliac patients with inhibitors. . Open medicine (Warsaw,
Poland). 2018;13:618‐621.

6 Clinical and Applied Thrombosis/Hemostasis


	 Background
	 Materials and Methods
	 Patients and Clinical Samples
	 Coagulation Assays
	 Statistical Analysis

	 Results
	 Discussion
	 Conclusions
	 Acknowledgments
	 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


