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Abstract

The use of real-world data and real-world evidence to inform health care decisions is increasing. Yet, the variable quality of these
data and the lack of widely-accepted criteria by which to assess quality create uncertainty about how and when to use these data
and the associated evidence in decision making. Patient registries are an important source of real-world data and real-world
evidence. The good practices and evaluation criteria developed for patient registries are highly relevant to real-world data and
real-world evidence and offer a foundation for a unified set of quality criteria that can be applied across sources of real-world data
and real-world evidence intended for use in medical product evaluation.
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Introduction

Since the passage of the 21st Century Cures Act in 2016,
significant attention has been paid to determining how real-
world data (RWD) and the resulting real-world evidence
(RWE) may be used to inform regulatory decision making. The
Cures Act requires the US Food and Drug Administration
(FDA) to develop a program “to evaluate the use of real-
world evidence (1) to help support the approval of a new indi-
cation for a drug approved under section 505(c); and (2) to help
to support or satisfy post-approval study requirements.”’ In
December 2018, the FDA published a framework for its pro-
gram to evaluate the potential use of RWE for these purposes.>
Many stakeholders are interested in beginning to use RWE in
these contexts. This interest is driven in part by the rapidly
expanding access to RWD from a variety of sources.

The FDA defines RWD as “data relating to patient health
status and/or the delivery of health care routinely collected
from a variety of sources. Examples of RWD include data
derived from electronic health records (EHRs); medical claims
and billing data; data from product and disease registries;
patient-generated data, including from in-home-use settings;
and data gathered from other sources that can inform on health
status, such as mobile devices.” RWE is defined as “the clinical
evidence about the usage and potential benefits or risks of a
medical product derived from analysis of RWD.”?

Many publications have described potential sources of
RWD, the strengths and limitations of these sources, analytic
approaches and considerations for generating RWE, and the

potential uses of RWE in regulatory decision making and deci-
sion making by other stakeholders (eg, payers, guideline devel-
opers).” A common theme in these publications is the variable
quality of RWD and the lack of widely accepted criteria by
which to assess the quality of RWD and the associated RWE.
The result is uncertainty about how and when to use RWE in
decision making.

The difficulty of assessing quality in RWD and RWE stems
from many factors, including the variety of data sources and
heterogeneity in study designs and analytic approaches. Qual-
ity assessment is further complicated when study designs com-
bine data from multiple sources, such as EHRs and patient
registries, or incorporate new tools, such as natural language
processing. While many best practices exist for the design,
conduct, and analysis of studies using RWD,'%!” there is not
yet a unified set of criteria for evaluating and comparing qual-
ity across different data sources and different study designs. To
be broadly useful, the unified criteria should synthesize criteria
from existing quality assessment tools, while remaining
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flexible to allow for “fit for purpose” evaluations in which the
acceptable level of rigor varies depending on the objective. For
example, the amount of missing data that is acceptable in a
descriptive study of a rare disease is different than the amount
of missing data that is acceptable in a study designed to assess
the effectiveness of a medical product. This concept of “fit for
purpose” is particularly important for RWD, where there are
myriad data sources and potential uses.

The purpose of this paper is to describe a unified set of
criteria for evaluating the quality and suitability of RWD and
RWE across data sources, drawing on the extensive work done
in the area of patient registries.

Patient Registries and Real-World Data

A patient registry is defined as “an organized system that uses
observational study methods to collect uniform data (clinical
and other) to evaluate specified outcomes for a population
defined by a particular disease, condition, or exposure, and that
serves one or more predetermined scientific, clinical, or policy
purposes.”'® The Cures Act and subsequent FDA publications
related to RWE specifically identify registries as a source of
RWD, and registries have already been used as a source of
RWD to support regulatory decision making.”'*-*

Unlike many other sources of RWD, registries have bene-
fited from significant investments from the Agency for Health-
care Research and Quality (AHRQ) over the past decade aimed
at improving research methods, data quality, and transparency.
Of relevance is the AHRQ publication, Registries for Evaluat-
ing Patient Outcomes: A User’s Guide. The User’s Guide con-
tains practical information to guide the design, operation, and
analysis of patient registries and provides a framework for
evaluating the quality of patient registries and evidence derived
from patient registries. First published in 2007 and now in its
third edition, the User’s Guide was identified as a source of
information on RWD quality in the FDA’s 2017 guidance doc-
ument on RWE and its recent publication describing the frame-
work for its RWE program.>> The Patient-Centered Outcomes
Research Institute (PCORI) references the User’s Guide in its
standards for patient registries,?' as do other initiatives focus-
ing on RWD.'%!2

The quality assessment framework provided in the User’s
Guide is highly relevant to RWD and RWE. Patient registries
fulfill a wide range of purposes across the entire health system
landscape, such as generating data for clinical and patient-
centered outcomes research, supporting post-marketing
surveillance, providing data for quality improvement and
value-based care programs, and supporting learning health care
systems. To fulfill these purposes, registries draw on multiple
data sources and may integrate data collected from EHRs or
medical claims, directly from clinicians, and from patients via
patient-reported outcome measures or mobile devices. Other
efforts, such as distributed data networks (eg, Sentinel), also
consider data from multiple sources, but registries are unique in
the scale of investment. Thousands of patient registries have

been designed to fulfill myriad purposes, as evidenced by the
voluntary listing of more than 4600 registries on the Registry of
Patient Registries, and many organizations have invested
resources in developing and improving patient registry metho-
dology.***®

The quality assessment framework developed for registries
reflects this diversity. Criteria are drawn from dozens of exist-
ing quality statements related to observational studies, claims
data, EHRs, distributed data networks, and other data sources.
The criteria have been refined through multiple rounds of peer
review and public comment. With some modifications, these
criteria could serve as a unified set of criteria to assess quality
across RWD sources and study designs and as a foundation for
the FDA’s further guidance on evaluating RWD and RWE.

Extending the Quality Criteria for Patient Registries to
RWD and RWE

We propose the following unified set of criteria to evaluate
RWD and RWE. These criteria are adapted from the User’s
Guide'® to apply to RWD and RWE more generally. In some
areas, these criteria were supplemented with more recent qual-
ity assessment criteria, such as those contained in the 2017
FDA guidance document on RWE,” the 2018 FDA document
describing the RWE program,” the National Medical Device
Registry Task Force report,> the Regulators Forum Registry
Working Group report,’® the Clinical Trials Transformation
Initiative (CTTI) recommendations®! for registry trials, and
other published literature.>*'%-3

Data Quality

Data quality refers to the characteristics of RWD that influence
its reliability and relevance for regulatory decision making. At
a minimum, RWD intended to support regulatory decision
making should meet the following criteria:

e Data are captured consistently using clear, operational
definitions and predefined rules for abstraction of struc-
tured and unstructured data. A data dictionary is
available.

e Standardized definitions of key outcomes measures and
standardized data dictionaries are used whenever
feasible.

e Data checks for range and consistency are used to
improve accuracy of the data.

o Sufficient and reliable information on the outcomes of
interest and necessary confounding variables are
available.

e The product of interest is sufficiently identified in the
data source.

Research Quality

Research quality refers to the scientific process, meaning in this
context the design, operation, and analysis of a study intended
to develop RWE suitable for regulatory decision making. At a
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minimum, studies intended to develop RWE should meet the
following criteria:

e Develop a formal study protocol and statistical analysis
plan a priori. Clearly define specific aims, population
inclusion/exclusion criteria, exposure and outcome vari-
ables, and analytic plans. Follow existing good practices
for clinical research protocols and include the same ele-
ments that are included in a traditional clinical trial pro-
tocol and statistical analysis plan.

o Identify likely sources of bias and document plans to
address them.

e Use formal statistical calculations to specify the sample
size necessary to measure an effect with sufficient sta-
tistical power.

e Ensure that planned follow-up is sufficient to address the
primary objective.

Document a plan for handling missing data.
Devote sufficient efforts to minimizing loss to follow-up
and missing data.

e Ensure that appropriate protections for human subjects
are in place.

e Develop and document data management and data qual-
ity assurance plans, including plans for site and data
monitoring and for source data verification.

e Provide standard instructions for data collection/abstrac-
tors and training for study personnel.

e For studies using existing data sources, use uniform and
systematic methods for collecting and cleaning data and
document these methods.

e Maintain adequate documentation (eg, audit trail) to
verify proper handling of data.

e Collect sufficient information to link data with other
databases, such as the National Death Index, electronic
health records, or other registries, for validation
purposes.

e Post the study on a public registry, such as the Registry
of Patient Registries or ClinicalTrials.gov, to support
transparency and reproducibility.

Evidence Quality

Evidence quality refers to the relevance and reliability of the
resulting evidence for use in regulatory decision making,
including assessments of external validity and internal validity.
At a minimum, studies intended to provide RWE should meet
the following criteria:

e Sufficient information is available for exposures, char-
acteristics, risk factors, potential confounding factors,
and outcomes. Exposure data used to support the main
research questions were as specific as possible and per-
mit identification of the product of interest.

e Selection bias was evaluated by describing the represen-
tativeness of the analysis population in terms of how

closely it reflects the characteristics of the target
population.

e The potential impact of systematic errors, missing data,
and confounding factors were considered.

e Sufficient longitudinal data are available to capture the
main outcomes of interest. The potential for differential
loss to follow-up was evaluated, and the impact of loss
to follow up on the conclusions drawn by the study was
considered.

e A sample of data was validated against source
documents.

e Validated and accepted analytic techniques and tools
were used, and appropriate methods were used to
address potential confounding. All analytic methods
were described with enough detail to allow replication
of the methods in another study. The data elements used
in any models are identified.

e Sensitivity analyses were used to examine and quantify
the effect on the association between the exposure of
interest and the main outcome of interest.

Next Steps

Tools to assess the quality of RWD and the associated RWE
will be a critical component of the FDA’s RWE program. The
criteria described here add to the existing literature by synthe-
sizing quality criteria related to specific data sources or study
designs into a unified set of criteria that are broadly applicable
to RWD and RWE. In particular, these criteria build on the
tools developed for patient registries, which have evolved over
the past decade, are widely used, and are supported by the
practical information on designing and operating studies to
meet these criteria provided in the User’s Guide.

Given the immense interest in this area, it is likely that
stakeholders will continue to explore strategies for generating
RWE while the FDA develops further guidance to support its
RWE program. The good practices for designing, operating,
and analyzing studies of RWD described in the User’s Guide
offer a foundation that can be adapted to fit specific purposes
and data sources. The unified quality criteria described here are
a useful tool for evaluating quality of RWD sources and the
resulting RWE. These criteria also may be relevant for evalu-
ating the quality of RWE for use in other contexts, such as
coverage decisions.

Declaration of Conflicting Interests

No potential conflicts were declared.

Funding

No financial support of the research, authorship, and/or publication of
this article was declared.

ORCID iD

Michelle B. Leavy, MPH (® https://orcid.org/0000-0003-1927-7248


https://orcid.org/0000-0003-1927-7248
https://orcid.org/0000-0003-1927-7248
https://orcid.org/0000-0003-1927-7248

Therapeutic Innovation & Regulatory Science XX(X)

References

1.

10.

11.

12.

21st Century Cures Act, Public Law 114-255, 114th Cong, 2nd
sess. https://www.gpo.gov/fdsys/pkg/PLAW-114publ255/pdf/
PLAW-114publ255.pdf. Published December 13, 2016. Accessed
January 17, 2019.

. Framework for FDA’s Real-World Evidence Program. US Food

and Drug Administration website. https://www.fda.gov/down
loads/ScienceResearch/SpecialTopics/Real WorldEvidence/
UCM®627769.pdf. Published December 2018. Accessed January
17, 2019.

. National Academies of Sciences, Engineering, and Medicine;

Health and Medicine Division; Board on Health Sciences Policy;
Forum on Drug Discovery, Development, and Translation. Real-
World Evidence Generation and Evaluation of Therapeutics:
Proceedings of a Workshop. Washington, DC: National Acade-
mies Press; 2017.

. Berger M, Daniel G, Frank K, et al. A framework for regulatory

use of real-world evidence. The Margolis Center for Health Pol-
icy at Duke University website. https://healthpolicy.duke.edu/
sites/default/files/atoms/files/rwe_white_paper_2017.09.06.pdf.
Accessed January 17, 2019.

. Use of Real-World Evidence to Support Regulatory Decision-

Making for Medical Devices. Guidance for Industry and Food
and Drug Administration Staff. US Food and Drug Administra-
tion website. https://www.fda.gov/downloads/MedicalDevices/
DeviceRegulationandGuidance/GuidanceDocuments/UCMS513
027.pdf. Accessed January 17, 2019.

. Sherman RE, Davies KM, Robb MA, Hunter NL, Califf RM.

Accelerating development of scientific evidence for medical
products within the existing US regulatory framework. Nat Rev
Drug Discov. 2017;16(5):297-298.

. Sherman RE, Anderson SA, Dal Pan GJ, et al. Real-world evi-

dence—what is it and what can it tell us? N Engl J Med. 2016;
375(23):2293-2297.

. Yuan H, Ali MS, Brouwer ES, et al. Real-world evidence: what it

is and what it can tell us according to the International Society for
Pharmacoepidemiology (ISPE) Comparative Effectiveness
Research (CER) Special Interest Group (SIG). Clin Pharmacol
Ther. 2018;104(2):239-241.

. Jarow JP, LaVange L, Woodcock J. Multidimensional evidence

generation and fda regulatory decision making: Defining and
using “real-world” data. JAMA. 2017;318(8):703-704.

Dreyer NA, Schneeweiss S, McNeil BJ, et al. GRACE principles:
recognizing high-quality observational studies of comparative
effectiveness. Am J Manag Care. 2010;16(6):467-471.

Motheral B, Brooks J, Clark MA, et al. A checklist for retrospec-
tive database studies—report of the ISPOR Task Force on retro-
spective databases. Value Health. 2003;6(2):90-97.

The European Network of Centres for Pharmacoepidemiology
and Pharmacovigilance (ENCePP). Guide on Methodological
Standards in Pharmacoepidemiology (Revision 6). EMA/95098/
2010 Rev.6. http://www.encepp.eu/standards_and_guidances/doc
uments/ENCePPGuideMethStandardsPE_Rev6_References.pdf.
Published June 2017. Accessed January 17, 2019.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Berger Marc L, Sox H, Willke Richard J, et al. Good practices for
real-world data studies of treatment and/or comparative effective-
ness: recommendations from the joint ISPOR-ISPE Special Task
Force on real-world evidence in health care decision making.
Pharmacoepidemiol Drug Saf. 2017;26(9):1033-1039.
International Society for Pharmacoeconomics and Outcomes
Research (ISPOR). ISPOR good practices for outcomes research
and use in health care decisions. https://www.ispor.org/research_
initiatives/hs_initiatives.asp. Accessed January 17, 2019.
Nicholls SG, Quach P, von Elm E, et al. The REporting of Studies
Conducted Using Observational Routinely-Collected Health Data
(RECORD) statement: methods for arriving at consensus and
developing reporting guidelines. PLoS One. 2015;10(5):
€0125620.

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC,
Vandenbroucke JP. The Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) statement: guidelines
for reporting observational studies. /nt J Surg. 2014;12(12):
1495-1499.

International Society for Pharmacoepidemiology (ISPE). Guide-
lines for good pharmacoepidemiology practices (GPP). Pharma-
coepidemiol Drug Saf. 2008;17(2):200-208.

Gliklich R, Dreyer N, Leavy M, eds. Registries for Evaluating
Patient Outcomes: A User’s Guide. 3rd ed. Two volumes. (Pre-
pared by the Outcome DEcIDE Center [Outcome Sciences, Inc., a
Quintiles company] under Contract No. 290 2005 00351 TO7.)
AHRQ Publication No. 13(14)-EHC111. Rockville, MD: Agency
for Healthcare Research and Quality; 2014.

Shuren J, Zuckerman B. How creative FDA regulation led to first-
in-the-world approval of a cutting-edge heart valve. FDA voice.
US Food and Drug Administration. https://blogs.fda.gov/fda
voice/index.php/tag/transcatheter-aortic-valve-replacement-tavr/.
Published June 14, 2017. Accessed January 17, 2019.

Lutonix® 035 Drug Coated Balloon PTA Catheter. Summary of
safety and effectiveness data. US Food and Drug Administration.
https://www.accessdata.fda.gov/cdrh_docs/pdf13/P13
0024S009B.pdf. Published February 7, 2017. Accessed January
17, 2019.

Patient-Centered Outcomes Research Institute. PCORI methodol-
ogy standards. https://www.pcori.org/sites/default/files/PCORI-
Methodology-Standards.pdf. Published April 2018. Accessed
January 17, 2019.

Central Registry Standards. North American Association of Cen-
tral Cancer Registries (NAACCR) website. https://www.naac
cr.org/. Accessed January 17, 2019.

Surveillance, Epidemiology, and End Results (SEER) Program.
Registry Operations. National Cancer Institute website. https://
seer.cancer.gov/registrars/. Accessed January 17, 2019.
Advancing Registry Methodology and Transparency. Agency for
Healthcare Research and Quality website. https://effectivehealth
care.ahrq.gov/topics/registry-of-patient-registries/advancing-reg
istry-methodology-and-transparency. Accessed January 17, 2019.

. US Food and Drug Administration. Guidance for Industry: Estab-

lishing Pregnancy Exposure Registries. August 2002.


https://www.gpo.gov/fdsys/pkg/PLAW-114publ255/pdf/PLAW-114publ255.pdf
https://www.gpo.gov/fdsys/pkg/PLAW-114publ255/pdf/PLAW-114publ255.pdf
https://www.fda.gov/downloads/ScienceResearch/SpecialTopics/RealWorldEvidence/UCM627769.pdf
https://www.fda.gov/downloads/ScienceResearch/SpecialTopics/RealWorldEvidence/UCM627769.pdf
https://www.fda.gov/downloads/ScienceResearch/SpecialTopics/RealWorldEvidence/UCM627769.pdf
https://healthpolicy.duke.edu/sites/default/files/atoms/files/rwe_white_paper_2017.09.06.pdf
https://healthpolicy.duke.edu/sites/default/files/atoms/files/rwe_white_paper_2017.09.06.pdf
https://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM513027.pdf
https://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM513027.pdf
https://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM513027.pdf
http://www.encepp.eu/standards_and_guidances/documents/ENCePPGuideMethStandardsPE_Rev6_References.pdf
http://www.encepp.eu/standards_and_guidances/documents/ENCePPGuideMethStandardsPE_Rev6_References.pdf
https://www.ispor.org/research_initiatives/hs_initiatives.asp
https://www.ispor.org/research_initiatives/hs_initiatives.asp
https://blogs.fda.gov/fdavoice/index.php/tag/transcatheter-aortic-valve-replacement-tavr/
https://blogs.fda.gov/fdavoice/index.php/tag/transcatheter-aortic-valve-replacement-tavr/
https://www.accessdata.fda.gov/cdrh_docs/pdf13/P130024S009B.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf13/P130024S009B.pdf
https://www.pcori.org/sites/default/files/PCORI-Methodology-Standards.pdf
https://www.pcori.org/sites/default/files/PCORI-Methodology-Standards.pdf
https://www.naaccr.org/
https://www.naaccr.org/
https://seer.cancer.gov/registrars/
https://seer.cancer.gov/registrars/
https://effectivehealthcare.ahrq.gov/topics/registry-of-patient-registries/advancing-registry-methodology-and-transparency
https://effectivehealthcare.ahrq.gov/topics/registry-of-patient-registries/advancing-registry-methodology-and-transparency
https://effectivehealthcare.ahrq.gov/topics/registry-of-patient-registries/advancing-registry-methodology-and-transparency

Gliklich and Leavy

26.

27.

28.

29.

Demonstration Projects. National Evaluation System for health
Technology Coordinating Center (NESTcc) website. https://
nestcc.org/demonstration-projects/. Accessed January 17,
2019.

Rare Diseases Registry Program (RaDaR). National Institutes of
Health. National Center for Advancing Translational Sciences.
https://ncats.nih.gov/radar. Accessed January 17, 2019.

National Quality Registry Network. https://www.thepcpi.org/
page/NQRN. Accessed January 17, 2019.

Recommendations for a National Medical Device Evaluation Sys-
tem. A report from the Medical Device Registry Task Force & the
Medical Devices Epidemiology Network. https://www.fda.gov/
downloads/AboutFDA/CentersOffices/OfficeofMedicalProduct

30.

31.

32.

sandTobacco/CDRH/CDRHReports/UCM459368.pdf. Published
August 20, 2015. Accessed January 17, 2019.

International Medical Device Regulators Forum. Patient registry:
essential principles. http://www.imdrf.org/docs/imdrf/final/con
sultations/imdrf-cons-essential-principles-151124.pdf. Published
October 2, 2015. Accessed January 17, 2019.

Clinical Trials Transformation Initiative. CTTI recommenda-
tions: registry trials. https://www.ctti-clinicaltrials.org/files/rec
ommendations/registrytrials-recs.pdf. Published May 2017.
Accessed January 15, 2019.

Miksad RA, Abernethy AP. Harnessing the power of Real-World
Evidence (RWE): a checklist to ensure regulatory-grade data
quality. Clin Pharmacol Ther. 2017;103(2):202-205.


https://nestcc.org/demonstration-projects/
https://nestcc.org/demonstration-projects/
https://ncats.nih.gov/radar
https://www.thepcpi.org/page/NQRN
https://www.thepcpi.org/page/NQRN
https://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofMedicalProductsandTobacco/CDRH/CDRHReports/UCM459368.pdf
https://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofMedicalProductsandTobacco/CDRH/CDRHReports/UCM459368.pdf
https://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofMedicalProductsandTobacco/CDRH/CDRHReports/UCM459368.pdf
http://www.imdrf.org/docs/imdrf/final/consultations/imdrf-cons-essential-principles-151124.pdf
http://www.imdrf.org/docs/imdrf/final/consultations/imdrf-cons-essential-principles-151124.pdf
https://www.ctti-clinicaltrials.org/files/recommendations/registrytrials-recs.pdf
https://www.ctti-clinicaltrials.org/files/recommendations/registrytrials-recs.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /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 /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


