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Identification of Fusion G
ene Breakpoints is
Feasible and Facilitates Accurate Sensitive
Minimal Residual Disease Monitoring on Genomic
Level in Patients With PML-RARA, CBFB-MYH11,
and RUNX1-RUNX1T1
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Minimal residual disease (MRD) monitoring in
acute myeloid leukemia (AML) plays an impor-
tant role in outcome prediction, risk-stratifica-
tion and therapy adjustment as well as in the

early detection of impending relapse.1 The most common genetic
markers utilizable for MRDmonitoring in AML are fusion genes
(FG). Either FG themselves or their transcripts (fusion transcripts,
FT) can be monitored via quantitative PCR (qPCR). The uniform
copy number per leukemic cell makes FG an ideal target for
unambiguously interpretable assessment of MRD levels. How-
ever, the use of FG-based MRD monitoring has been limited by
the laboriousness of PCR-based genomic fusion sequence
identification2–4; thus, only the FT-based approach has been
widely used so far.1,5 Although highly feasible, it has several
flaws. The number of FT copies per leukemic cell is unknown and
possibly inconstant. Moreover, the diagnostic FT expression
levels vary significantly among patients (>2 logs),5,6 and in the
patients with lower expression levels, the sensitivity of MRD
monitoring is thus reduced.
Various methods utilizing the next generation sequencing

(NGS) technology have become widely available during the last
few years, offering alternative tools for the identification of
genomic fusions.7,8 In this study, we investigated the feasibility of
genomic breakpoint identification via targeted NGS, the
performance of patient-specific assays for genomic breakpoint
quantification and the benefit of FG as targets for MRD
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monitoring in AML patients with PML-RARA/CBFB-MYH11/
RUNX1-RUNX1T1 fusions.
We performed targeted sequencing utilizing hybridization to a

custom-designed probe set for target enrichment (Supplementary
Fig. 1, http://links.lww.com/HS/A102). With a median sequenc-
ing output of 504 k reads mapped to target region, we
successfully identified genomic fusion sequences in all 23 studied
patients. In 20/23 patients we found >1 fusion sequence
(Supplementary Results, Supplementary Table 1, http://links.
lww.com/HS/A102), that is, >1 possible MRD target. One
fusion sequence per patient was selected to design a qPCR assay
for MRD monitoring. All 23 assays were successfully optimized
reaching sufficiently deep quantitative range and sensitivity
(10�4

–10�5) without non-specific, off-target amplification. We
used these in-house established assays to quantify FG and
standard qPCR assays5 to quantify FT, and assessed MRD levels
in 265 follow-up (FU) samples (Supplementary Table 2, http://
links.lww.com/HS/A102, Fig. 1A, Supplementary Fig. 2–6,
http://links.lww.com/HS/A102).
MRDwas negative and positive by both the FG-based and FT-

based approaches in 136 and 100 samples, respectively, positive
only by the FG-based approach in 24 and only by the FT-based
approach in 5 samples. Out of 100 “double-positive” samples, in
61 the MRD levels differed by �1 log (n=51) or were non-
quantifiably positive (NQP) by both methods (n=10). In 32
“double-positive” samples, MRDwas higher by>1 log using the
FG-based compared to the FT-based approach (n=4), or was
quantifiably positive only by the FG-based while NQP by the FT-
based approach (n=28). Vice-versa, in 7 “double-positive”
samples MRD was higher by >1 log using the FT-based
compared to the FG-based approach (n=6) or NQP only by the
FG-based approach (n=1).
We analyzed how discrepancy in MRD data translates into the

evaluation of response to therapy (Supplementary Table 2, http://
links.lww.com/HS/A102, Fig. 1B). In 8/18 patients monitored up
to molecular remission (MR), the negativity of both FG and FT
was achieved at the same time-point. Of the remaining 10
patients, MRD negativity was reached at an earlier time-point by
the FG-based in 2 patients and by the FT-based approach in 8
patients. Besides better assessment ofMR, the FG-based approach
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Figure 1. Results of minimal residual disease monitoring and diagnostic levels of fusion transcripts. (A) Comparison of minimal residual disease (MRD)
levels in 265 follow-up samples of patients harboring the PML-RARA (triangle), CBFB-MYH11 (diamond) and RUNX1-RUNX1T1 (circle) fusions measured by the
FG-based approach (DNA) versus by the FT-approach (RNA). Grey boxes surround specific clusters of samples whose counts are indicated by the numbers at top
right corners. (B) Schematic representation of MRD levels in individual patients harboring the PML-RARA, CBFB-MYH11 and RUNX1-RUNX1T1 fusions during their
treatment courses as assessed by the FG-based approach (G) versus by the FT-based approach (T). Bone marrow (BM) samples are shown as circles, peripheral
blood (PB) samples as squares. If paired BM and PB samples were analyzed at the particular time-point, only BM is shown. MRD levels≥0.5 are coded as “1”,<0.5
– ≥0.05 as “�1”, <0.05 – ≥0.005 as “�2”, <0.005 – ≥0.0005 as “�3”, <0.0005 – ≥0.00005 as “�4”, <0.00005 as “�5”. All samples with quantifiably positive
MRD levels are shown as black symbols, samples with non-quantifiably positive and negative MRD levels are shown as grey symbols with “P” code and white
symbols with “N” code, respectively. Bold versus thin symbol borders and time-lines represent intensive versus maintenance treatment phases. Time course in days
(D) is shown at the top of scheme. dg = diagnosis; positive – non-quantifiably positive. (C) Fusion transcript expression levels (number of fusion transcript copies per
1000 copies of GUS) at diagnosis in patients with PML-RARA (n=11), CBFB-MYH11 (n=7) and RUNX1-RUNX1T1 (n=5).
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also improvedour insight into thedynamics ofMRDclearance as it
provided quantitative data on MRD levels in 39 samples of 16
patients that were NQ-positive or negative by the FT-based
approach. Notably, if early treatment response would be classified
according to MRD levels at the end of induction treatment into
categories “negative”/“positive <1E�03 (ie, <0.1%)”/“positive
≥1E�03 (ie, ≥0.1%)”, the classification would be skewed
depending on the approach in 8/22 patients. Five patients were
only low/NQ-positive by the FT- while ≥1E�03 by FG-
quantification, 1 patient was positive ≥1E�03 by FT- and
2

<1E�03 by FG-, and 2 patients positive by FG- were negative
by FT-based approach.
Conversion from negativity to positivity was detected

simultaneously by both methods in 1 patient, only by the FG-
based approach in 1 patient and only by the FT-based approach
in 2 patients.
Altogether, the FG-based assays were more sensitive for MRD

detection compared to the FT-based approach.We have analyzed
in more detail the differences in target detection sensitivities in the
samples with discrepant results of MRD monitoring. The FT



Table 1

Sensitivity of Target Detection in Samples with MRD Detectable by One Method Only.

Patient ID AML Subtype Sample Type Days Post DG MRD FT FT Detection Sensitivity MRD FG FG Detection Sensitivity

M531 PML-RARA BM 27 NEG 2,96E�03 1,22E�02 1,00E�04
M627 PML-RARA BM 56 NEG 6,94E�02 3,62E�03 1,00E�05
M620 CBFB-MYH11 PB 104 NEG 9,17E�04 1,76E�03 1,00E�05
M623 RUNX1-RUNX1T1 BM 168 NEG 6,49E�05 1,53E�03 1,00E�05
M567 CBFB-MYH11 PB 57 NEG 9,81E�04 5,20E�04 1,00E�05
M590 PML-RARA PB 26 NEG 1,31E�03 3,70E�04 1,00E�05
M627 PML-RARA PB 80 NEG 9,55E�04 3,20E�04 1,00E�05
M637 CBFB-MYH11 BM 208 NEG 1,63E�04 3,00E�04 1,00E�05
M615 PML-RARA PB 54 NEG 2,34E�02 2,60E�04 1,00E�05
M606 CBFB-MYH11 PB 28 NEG 6,95E�04 2,40E�04 1,00E�05
M617 PML-RARA BM 85 NEG 1,08E�01 9,00E�05 1,00E�05
M567 CBFB-MYH11 PB 26 NEG 6,18E�04 NQP 1,00E�05
M592 CBFB-MYH11 PB 90 NEG 3,22E�04 NQP 1,00E�05
M599 RUNX1-RUNX1T1 PB 59 NEG 4,93E�05 NQP 1,00E�05
M606 CBFB-MYH11 BM 61 NEG 8,43E�04 NQP 1,00E�04
M606 CBFB-MYH11 BM 103 NEG 3,66E�04 NQP 1,00E�04
M612 PML-RARA BM 55 NEG 2,45E�03 NQP 1,00E�04
M612 PML-RARA PB 55 NEG 4,45E�03 NQP 1,00E�04
M612 PML-RARA BM 81 NEG 5,28E�04 NQP 1,00E�04
M615 PML-RARA BM 81 NEG 8,09E�03 NQP 1,00E�05
M623 RUNX1-RUNX1T1 PB 168 NEG 1,26E�04 NQP 1,00E�05
M623 RUNX1-RUNX1T1 PB 381 NEG 1,76E�05 NQP 1,00E�05
M627 PML-RARA BM 80 NEG 1,71E�03 NQP 1,00E�05
M627 PML-RARA BM 112 NEG 2,72E�04 NQP 1,00E�05
M608 RUNX1-RUNX1T1 BM 207 4,68E-04 4,58E�04 NEG 1,00E�04
M531 PML-RARA BM 254 NQP 1,77E�04 NEG 1,00E�04
M569 RUNX1-RUNX1T1 PB 574 NQP 2,14E�05 NEG 1,00E�05
M599 RUNX1-RUNX1T1 BM 101 NQP 1,01E�05 NEG 1,00E�05
M599 RUNX1-RUNX1T1 BM 143 NQP 1,24E�04 NEG 1,00E�05

In samples with MRD negative by FT-based approach, but quantifiably positive by FG-approach at the levels above the sensitivity of FT-detection, the FT-detection sensitivity is highlighted in blue. Red color
highlights the sensitivities of FG detection deeper compared to those of FT detection in samples with MRD negative by FG- but positive by FT-based approach.
BM = bone marrow, DG = diagnosis, FG = fusion gene, FT = fusion transcript, MRD = minimal residual disease, PB = peripheral blood.
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levels in diagnostic samples varied over >3 logs among patients
(Fig. 1C, Supplementary Table 2, http://links.lww.com/HS/
A102). Importantly, low diagnostic FT expression dramatically
limits the sensitivity of FT-detection in FU samples (Supplemen-
tary Table 2, http://links.lww.com/HS/A102). We thus expected
that the inferior sensitivity of FT-detection compared to FG-
detection in the patients with low diagnostic FT levels could
significantly contribute to the MRD discrepancy. Surprisingly, in
a non-negligible subset of samples, the discrepancies in MRD
levels were not convincingly attributable to the differences in
sensitivities (Table 1).
Although in all 24 samples positive only by the FG-based

approach the sensitivity of FG-detection was deeper compared
to the calculated FT-detection sensitivity, the MRD level in 40%
(4/10) of the quantifiably positive sampleswas above the sensitivity
of FT-detection. Strikingly, also the sensitivity of FG-detectionwas
equal or deeper compared to FT-detection in all 5 samples positive
only by the FT-based approach.
Various PCR-based methods used to obtain genomic fusion

sequences in the past decades generally suffered from low
amplification efficiency and laboriousness, they were time-
consuming and frequently required a large amount of high
molecular weight DNA.2–4 In the first part of our study we
showed that these laborious methods can be replaced by targeted
sequencing which enables an efficient identification of genomic
fusion sequences within 1 week from diagnosis and requires only
50 ng of diagnostic DNA.
3

In laboratories where NGS-based methods are well established
within routine diagnostics (eg, panel/whole-exome/whole-tran-
scriptome sequencing, NGS-based screening of immunoreceptor
gene-rearrangements in acute lymphoblastic leukemia), pooling
of the FG targeted sequencing with other NGS-based experiments
is fully feasible. This significantly reduces total expenses; in an
optimal setting, the final costs of the genomic fusion identification
could be even lower compared to the PCR-based approach.
In the subsequent part of our study we showed, that, similarly

to the identification of fusion sequences, the optimization of
patient-specific qPCR assays was straightforward, facilitated by
the sequence uniqueness and thus the lack of non-specific
amplification.
When comparing the MRD levels measured by the two

approaches, we have encountered both possible types of
discrepancy; in a quarter of samples (68/265), MRD levels
assessed by the FG-based approachwere either significantly higher
or lower compared to those assessed by the FT-based approach.
The first type of discrepancy (>80% discordant samples),

demonstrates that MRD levels can be frequently underestimated
by the FT-based approach. Primarily, this can be a result of
different sensitivity; indeed, in a majority of samples, the FT
approach was less sensitive than the FG-based assay. However, in
some samples, the calculated FT detection sensitivity should have
been sufficient to yield the same result as the FG-based approach.
This data demonstrates that, unlike in the FG approach, the
expression level – and thus the target to cell ratio - is inconstant,
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which we consider a major pitfall of the FT-based MRD
monitoring. The change in expression can go in both directions,
as shown by the samples with the second type of discrepancy,
where the FT-based MRD levels were significantly higher
compared to FG quantification. This situation was less common
and, notably, we detected such samples at the earliest treatment
time-points in several patients.
Both overestimation and underestimation of MRD levels

caused by expression changes and variable levels of FT per cell are
certainly undesirable as they skew the evaluation of response to
therapy. The only exception could be an earlier detection of
molecular relapse, possibly caused in some cases by high FT levels
in relapse-driving cells, resulting in an increased sensitivity of its
detection. However, our data on this subject is very limited.
Multiple studies have demonstrated that levels of MRD at

certain time-points during therapy are highly predictive of
patients’ outcome.1 In the AML subtypes presented in our report,
those studies mainly utilized data from FT-based MRD
monitoring9–15; the predictive value of MRD levels assessed by
the FG-based approach has not been evaluated yet. Our study
included a limited number of patients, none of which relapsed so
far. Thus, we could not compare the prognostic significance of
MRD assessed by the two approaches.
In summary, our study shows that both the identification of

genomic fusion sequences and the FG-based MRD monitoring
are highly feasible in PML-RARA-/CBFB-MYH11-/RUNX1-
RUNX1T1-positive AML. Quantification of FG, a stable target
with a constant level per cell, enables precise assessment of the
proportion of positive cells and represent a technically superior
tool for the evaluation of therapy response than the so far widely
used FT-based monitoring. We believe that our data provides
rationale for additional studies addressing the question whether
such an improvement of evaluation of response to therapy could
translate into an improvement of risk prediction and therapy
tailoring – and, finally, of patients’ outcome.

Sources of Funding

This study was supported by grants from the Czech Health
Research Council (NU20-07-00322 and NV19-07-00329) and
Charles University (UNCE 204012), by the project 1000 braves
(Foundation Nation for Children) and by the project (Ministry of
Health, Czech Republic) for conceptual development of research
organization 00064203 (University Hospital Motol, Prague,
Czech Republic). Research infrastructure was supported by the
Ministry of Education, Youth and Sports (NPU I no. LO1604
and LM2015091).
4

References

1. Schuurhuis GJ, Heuser M, Freeman S, et al. Minimal/measurable
residual disease in AML: a consensus document from the European
LeukemiaNet MRD Working Party. Blood. 2018;131:1275–1291.

2. Duployez N, Nibourel O, Marceau-Renaut A, et al. Minimal residual
disease monitoring in t(8;21) acute myeloid leukemia based on RUNX1-
RUNX1T1 fusion quantification on genomic DNA. Am J Hematol.
2014;89:610–615.

3. Kommers IO, Bartley PA, Budgen B, et al. Sensitive monitoring of acute
promyelocytic leukemia by PML-RARA DNA Q-PCR. Leuk Lymphoma.
2017;58:1767–1769.

4. Meyer C, Schneider B, Reichel M, et al. Diagnostic tool for the
identification of MLL rearrangements including unknown partner genes.
Proc Natl Acad Sci U S A. 2005;102:449–454.

5. Gabert J, Beillard E, van der Velden VH, et al. Standardization and
quality control studies of ’real-time’ quantitative reverse transcriptase
polymerase chain reaction of fusion gene transcripts for residual
disease detection in leukemia - a Europe Against Cancer program.
Leukemia. 2003;17:2318–2357.

6. Beillard E, Pallisgaard N, van der Velden VH, et al. Evaluation of
candidate control genes for diagnosis and residual disease detection in
leukemic patients using ‘real-time’ quantitative reverse-transcriptase
polymerase chain reaction (RQ-PCR) - a Europe against cancer
program. Leukemia. 2003;17:2474–2486.

7. Afrin S, Zhang CRC, Meyer C, et al. Targeted next-generation
sequencing for detecting MLL gene fusions in leukemia. Mol Cancer
Res. 2018;16:279–285.

8. Grossmann V, Kohlmann A, Klein HU, et al. Targeted next-generation
sequencing detects pointmutations, insertions, deletions and balanced
chromosomal rearrangements as well as identifies novel leukemia-
specific fusion genes in a single procedure. Leukemia. 2011;25:671–
680.

9. Grimwade D, Jovanovic JV, Hills RK, et al. Prospective minimal residual
disease monitoring to predict relapse of acute promyelocytic leukemia
and to direct pre-emptive arsenic trioxide therapy. J Clin Oncol.
2009;27:3650–3658.

10. Santamaria C, Chillon MC, Fernandez C, et al. Using quantification of
the PML-RARalpha transcript to stratify the risk of relapse in patients
with acute promyelocytic leukemia. Haematologica. 2007;92:315–322.

11. Testi AM, Pession A, Diverio D, et al. Risk-adapted treatment of acute
promyelocytic leukemia: results from the International Consortium for
Childhood APL. Blood. 2018;132:405–412.

12. Yin JA, O’Brien MA, Hills RK, et al. Minimal residual disease monitoring
by quantitative RT-PCR in core binding factor AML allows risk
stratification and predicts relapse: results of the United Kingdom
MRC AML-15 trial. Blood. 2012;120:2826–2835.

13. Zhang L, Cao Z, Zou Y, et al. Quantification of PML/RARa transcript
after induction predicts outcome in children with acute promyelocytic
leukemia. Int J Hematol. 2012;95:500–508.

14. Jourdan E, Boissel N, Chevret S, et al. Prospective evaluation of
gene mutations and minimal residual disease in patients with core
binding factor acute myeloid leukemia. Blood. 2013;121:2213–
2223.

15. Rucker FG, Agrawal M, Corbacioglu A, et al. Measurable residual
disease monitoring in acute myeloid leukemia with t(8;21)(q22;q22.1):
results from the AML Study Group. Blood. 2019;134:1608–1618.


	Identification of Fusion Gene Breakpoints is Feasible and Facilitates Accurate Sensitive Minimal Residual Disease Monitoring on Genomic Level in Patients With PML-RARA, CBFB-MYH11, and RUNX1-RUNX1T1
	Sources of Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /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 false
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Use these settings to create Adobe PDF documents for Quad Graphics' Midland MI Facility.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 12
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /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


