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Genetic and functional
homologous repair deficiency
as biomarkers for platinum
sensitivity in TNBC:
A case report
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Triple-negative breast cancer is the most aggressive subtype of mammary

carcinoma. In the early stage, neoadjuvant chemotherapy (NAC) is the standard

of care for prognostic stratification and the best adjuvant treatment strategy. A

30-year-old female presented in the emergency room because of a gigantic

right breast associated with an ulcerated lump at the upper quadrants. The right

axillary nodes were palpable. An ultrasound was performed, showing the

ulcerated neoformation with enlarged right axillary lymph nodes observed to

level III. A core biopsy of the breast lesion was performed, and the pathological

examination revealed a nonspecial type, grade 3, invasive, triple-negative

breast cancer. No distant disease was found in the PET-CT scan. A germline

genetic panel by next-generation sequencing identified a likely pathogenic

variant in RAD51D (c.898C>T). Assessment of the functionality of the DNA

homologous recombination repair pathway by RAD51 foci in the tumor

revealed a profile of homologous recombination deficiency. NAC consisting

of weekly carboplatin and paclitaxel followed by dose-dense doxorubicin/

cyclophosphamide was performed with a complete metabolic response

achieved in the PET-CT scan. The patient underwent a modified radical

mastectomy plus axillary lymphadenectomy with a pathological complete

response in the breast and axilla and remains disease-free after 2 years of

follow-up. We report a young female with a triple-negative breast cancer stage

cT4bN3M0 and a hereditary pathogenic mutation in RAD51D. The tumor was
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highly proliferative and homologous recombination-deficient by RAD51. The

patient received platinum-based NAC, achieving a pathologic complete

response. More effort should be made to identify predictive functional

biomarkers of treatment response, such as RAD51 foci, for platinum sensitivity.
KEYWORDS

RAD51, triple-negative breast cancer, HRD-biomarkers, RAD51D, pathological
complete response (pCR)
Introduction

Triple-negative breast cancer (TNBC) is defined by the lack

of expression of the estrogen receptor (ER), progesterone

receptor (PR), and human epidermal growth factor receptor 2

(HER2) by immunohistochemistry. It is commonly associated

with an aggressive clinical course and worse outcomes when

compared with other subtypes of breast cancer. TNBC

represents 10%–15% of all breast cancers and occurs in

younger women, usually under 40 years of age (1). Poor

prognosis is mainly seen in patients who do not achieve a

pathologic complete response (pCR) after neoadjuvant

treatment with a risk of relapse between 40% and 50% if pCR

is not achieved (2, 3).

Up to 15%–20% of patients with TNBC harbor a breast

cancer susceptibility gene (BRCA) mutation, particularly in

BRCA1 or BRCA2 (4). Nevertheless, other encoding

pathogenic gene variants and epigenetic silencing of genes

related to the DNA homologous recombination repair (HRR)

pathway have been described, including PALB2, CHEK2,

RAD51C, and RAD51D (5).

Tumor HRR deficiency (HRD) leads to irreparable DNA

damage from platinum-containing agents, which leads to cell

death and marks an underlying cell sensitivity to polyadenosine

diphosphate–ribose polymerase inhibitors (PARPi) (6). The

assessment of HRD in the clinic measures a genotype and can

currently be divided into three testing method categories: HRR

gene–based tests, genomic scars and signatures, and functional

assays (7). HRR gene–based tests attempt to detect germline or

homozygous somatic mutations in BRCA1 or BRCA2 and non-

BRCA HRR genes as mentioned before. Measuring the different

genomic signatures and scar features produced by tumoral cells

and displayed in abnormal copy number profiles and thousands

of somatic mutations genome-wide, characterized principally by

short deletions and short tandem duplications, provides ways of

identifying cancers with a history of HRD irrespective of the

underlying etiology. Functional assays have the potential to

provide a dynamic readout of actual, extant, HRR status (7).
02
The most commonly used experimental system to estimate HRR

is to estimate the amount of nuclear RAD51 foci as was done in

our patient.

Preclinical studies support the determination of RAD51

nuclear foci as a functional and dynamic biomarker of HRD to

identify BRCA-mutated and other HRR-altered breast cancer

genes. This functional HRD, defined as a RAD51 low score

(≤10% RAD51+/GMN+ cells), can also predict a benefit from

DNA damaging agents, such as platinum-based chemotherapy

and PARPi (8, 9).

More recently, RAD51 was able to identify TNBC patients

from the GeparSixto trial who benefited from adding carboplatin

in the neoadjuvant chemotherapy (NAC) setting (10). In

particular, the pCR rate in RAD51 low tumors was 33% after

treatment with paclitaxel, doxorubicin, and bevacizumab,

whereas it was 66% when adding carboplatin (OR 3.96, 1.56–

10.05, p = .004). Functional HRD by RAD51 was identified in

93% of BRCA-mutated tumors and 45% of non-BRCA mutant

cases, providing evidence of HRD beyond BRCA mutation and

in a large proportion of TNBC tumors (10).

In this case report, we describe a very high-risk patient

presenting with an enormous and ulcerated TNBC with both a

functional HRD by RAD51 as well as a germline RAD51D PV

with pCR to platinum-based NAC.
Case presentation

A 30-year-old woman presented to the emergency room

after noticing an enlarged right breast associated with a mass for

the past 6 months with progressive growth. The patient had been

in her usual health before this presentation.

She had no relevant past medical history and no family

history of breast or ovarian cancer. Physical examination showed

a gigantic right breast, more than four times larger than

its counterpart associated with an ulcerated, hard, and

erythematous nodule of 6 x 6 cm within the union of the

upper quadrants (Figure 1A). At least three right axillary
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nodes were palpable and painless. Left breast exploration and the

remainder of the physical examination were unremarkable.

Blood test analyses revealed normocytic anemia and an

elevated C-reactive protein.

Ultrasonography was performed, confirming a right breast

lesion with a very large cystic component. Adenopathy

involvement at its three levels was perceived at the right axilla.

In the left breast, no lesions or adenopathy involvement were

seen. A core biopsy was performed of one of the right axillary

nodes and the breast lesion. Pathological examination of the

specimen exposed no special type histologic grade 3 invasive

triple-negative breast cancer in both biopsied tissues with a Ki67

of 75%. Stromal tumor-infiltrating lymphocytes were low

(5%) (Figure 2A).

PET-CT showed a voluminous hypermetabolic mass in the

right breast, compatible with a primary tumor, with locoregional

lymph node involvement and without any distant lesions

(Figure 1B). Tumoral biomarkers were done with a CEA of 4

ng/ml and an elevated CA 15-3 of 436 U/ml.
Frontiers in Oncology 03
NAC with weekly carboplatin AUC2 and paclitaxel 80 mg/

m2 for 12 weeks, followed by biweekly dose-dense Adriamycin

(Doxorubicin) 60 mg/m2 IV and Cyclophosphamide 600 mg/m2

IV (ACdd) for four cycles was indicated.

Germline next-generation sequencing (NGS) breast cancer

predisposition panels have enabled the detection of a wide

spectrum of mutations and the characterization of the

genomic profile. A hereditary OncoKitDx gene panel (Imegen)

on a MiSeq (Illumina) was performed, which detects point

mutations, small and large insertions, and deletions along 50

selected genes, identifying a likely PV (c.898C>T) in

the RAD51D gene in heterozygos is . Furthermore ,

the RAD51 test was performed as part of a unit research

protocol, including all TNBC undergoing NAC. RAD51 foci

were assessed by immunofluorescence on a formalin-fixed

paraffin-embedded breast tissue biopsy that was laid on a

tissue microarray format. BRCA1 foci (as a mediator of HRR)

and gH2AX foci (as a biomarker of endogenous double-strand

DNA damage) analysis was also performed with each biomarker
BA

FIGURE 2

(A) Infiltrating carcinoma in diagnostic biopsy of the breast mass. (B) Representative images of the IF assay to detect biomarkers in the tumor.
Geminin (GMN) and DAPI identify cells in S/G2 cell cycle phase. Left, RAD51 nuclear foci are only found in normal cells (closed triangle) but not
in tumor cells (open triangles). Right, abundant dsDNA damage (gH2AX foci) and BRCA1 foci in tumor cells. Scale, 10 µm.
BA

FIGURE 1

(A) Enlarging right breast cancer with a painless, ulcerated, hard, irregular mass in the union of the upper quadrants. (B) Voluminous
hypermetabolic mass of 18.4x15.6cm, with a cystic component in the right breast and a SUVmax >4.
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counterstained with geminin (as a marker of the S/G2 cell cycle

phase) and 40, 6-diamidino2-phenylindole (DAPI). Manual

scoring on an epifluorescence microscope resulted in a low

RAD51 score (1% of GMN+ cells with ≥5 RAD51 foci),

indicating HRD (Figure 2). High levels of yH2AX (50%57%)

and BRCA1 (90%93%) were found, consistent with the

same phenotype.

A rapid and progressive descent of CA15-3 was detected during

the treatment, down to 146 U/ml after only six cycles of weekly

carboplatin and paclitaxel, descending to 51 U/ml when finishing

the 12 weeks of the weekly scheme. CA15-3 reached values within

the normal range after two cycles of ACdd. Taking into account the

extensive local disease, a conservative surgery was not indicated, for

which chemotherapy efficacy was assessed by clinical examination

before each cycle and by performing a PET-CT after concluding

NAC. Taking into account the complexity of the tuoral mass and

the high risk of local and distant disease progression, NAC efficacy

was assessed by performing a PET-CT after concluding NAC,

showing a complete metabolic response but the persistence of the

voluminous cystic right breast lesion with complete disappearance

of the ipsilateral locoregional lymphadenopathies (Figures 3A, B).

The patient underwent a modified radical mastectomy plus

axillary lymphadenectomy (Figure 4A). Pathologic examination

of the surgical specimen showed pCR in the breast and in the 14

lymph nodes removed. Secondary changes due to previous

treatment were evident. These included a cystic cavity with

necrohemorrhagic content lined by a dense fibrous wall with a

moderate lymphohistiocytic component and hemosiderin

deposits, secondary to old bleeding, without evidence

of residual neoplastic cellularity (Figure 4B). ypT0N0

Residual Cancer Burden: 0. After surgery, the patient received

radiotherapy with a total dose of 40.05 Gy in 15

sessions and remains with no evidence of disease 24 months

after surgery.
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Discussion

TNBC is more likely to be diagnosed clinically rather than in

screening mammograms because of its high proliferative index

in a population that is under the age of usual screening

assessments (11, 12).

A clinical presentation as a complex solid and cystic mass

related to breast cancer is uncommon (13). Solid malignant

masses can secrete mucin or fluid related to necrosis, which

could result in complex, solid, and cystic morphology (14). Most

histologies reported are NTS carcinoma, although papillary,

mucinous, and adenoid cystic breast carcinomas are also

associated without any predominance of the hormonal

status described.

NAC adds a substantial prognostic value to patients with TNBC

compared with those with ER positive disease with a larger

reduction in the risk of recurrence. pCR is a known independent

prognostic factor in TNBC (15, 16) with a disease-free survival

(DFS) of 64 months in those achieving pCR (p <.001) compared

with 42.4 months (p <.001) in the non-pCR group (17).

The regimen of NAC in TNBC, namely, the addition of

platinum to the taxane-anthracycline–based chemotherapy is still

a matter of debate. Ameta-analysis including nine RCTs (N = 2109)

demonstrated a significant 15.1% increased pCR rate with the use of

platinum-based chemotherapy (OR 1.96, 95% CI 1.46–2.62, P

<.001) (18, 19). The benefit of adding carboplatin was even more

pronounced when restricted to patients who received the current

standard NACwith weekly paclitaxel followed by anthracycline and

cyclophosphamide (21.6% increased pCR rate; OR 2.53, 95% CI

1.37–4.66, P = .003) (19).

The rationale for platinum-based chemotherapy in TNBCs is

related to the high quantity of genetic or epigenetic variations in

the HRR pathway observed in these tumors that leads to a

deficiency in double-stranded DNA repair. The alterations
BA

FIGURE 3

(A) Complete metabolic response due to persistence of a voluminous cystic left breast lesion with a thin wall of low uptake of FDG
((SUVmax:2,21) and complete disappearance of ipsilateral locoregional lymphadenopathy. (B) After completing NAC, the nodule at the union of
the upper quadrants disappeared.
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include germline BRCA 1/2 mutations; hypermethylation of

the BRCA1 promoter; and mutations in PALB2, RAD51C,

and RAD51D or epigenetic silencing of RAD51C and BRCA1

(8). HRD impairs regular DNA damage repair, which results in

loss or duplication of chromosomal regions generating a

genomic loss of heterozygosity (LOH) (6).

Germline pathogenic variants in RAD51C/D with loss of

tumor heterozygosity have been associated with a molecular

phenotype compatible with deficient HRD by genomic

signatures (HRD score or genomic LOH) (20).

Functional HRD is shown to correlate to the HRR

mutations/BRCA1 methylation status (9, 21–23). Moreover,

RAD51 identifies more than 90% of BRCA-mutated tumors

and 45% of non-BRCA mutant cases as functional HRD,

opening a therapeutic window for both platinum agents and

PARPi in a wider population. Detection of high RAD51 foci in

germline BRCA tumors has been suggested as a biomarker of

platinum and PARPi resistance regardless of the underlying

mechanism restoring HRR function (9, 23). Furthermore, a

functional HRD by RAD51-low potentially benefits more in

terms of pCR (pCR 66% vs. 33%, OR 3.96, 1.56-10.05, p: 0.004)

when using a platinum-based NAC (10). Further clinical trials

and results are needed to support these findings and to clear the

benefit in terms of DFS and OS.

In the case presented here, the patient had both

a RAD51D PV (a nonsense variant predicted to result in an

early protein truncation) and a RAD51-low score, which could

justify the outstanding response to the NAC.

Nevertheless, since the KEYNOTE-522 trial results,

pembrolizumab in addition to NAC yielded an absolute

benefit of 13.6% in pCR and 7.7% in event-free survival (HR

0.63; 95% CI, 0.48 to 0.82; p <.001), becoming the new standard

of care for unselected early-stage TNBC (24, 25). However, at the

time this patient initiated chemotherapy, those results were

pending to be presented. Interestingly, this patient achieved

pCR, opening the research question of a potential de-
Frontiers in Oncology 05
escalation of treatment in selected BRCA mutant or RAD51-

low score TNBC, with which an excellent response to platinum-

based chemotherapy or other targeted therapies as PARPi

is expected.

Several randomized trials are examining the benefit of the

addition of carboplatin with or without PARPi to NAC in

TNBC. The BrighTNess trial evaluated the addition of the

PARP inhibitor veliparib plus platinum-based NAC showing

that the proportion of patients who achieved a pCR in the

paclitaxel, carboplatin, and veliparib group were not improved

compared with patients receiving platinum-taxane-based NAC

without veliparib (92 [58%] of 160 patients, p = .36) (26). In the

Neotala trial presented at the 2021 ASCO annual meeting (27),

germline BRCA-mutant stage I–III TNBC received neoadjuvant

single-agent talazoparib for 24 weeks, achieving a 49.2% pCR of

the intention-to-treat population, comparable to that observed

with the combination of anthracycline and taxane-based

chemotherapy. Additional results are needed to clarify a

possible role of PARPi in the TNBC neoadjuvant setting.

Furthermore, the OlympiA trial has demonstrated a clear

invasive disease-free survival (IDFS) benefit with 1 year of

ad juvant o lapar ib (vs . p l acebo) in pat i ent s wi th

germline BRCA1/2 mutations with residual invasive disease

after NAC (HR 0.58; 95% CI, 0.41–0.82; p <.001). The inquiry

of a potential benefit of adjuvant PARPi in functional HRD

despite normal BRCA1/2 expression in high-risk patients

remains unclear (28).
Conclusions

TNBC affects young women and is characterized by its rapid

growth and high risk of relapse if pCR is not achieved. The

presence of HRD tumors beyond BRCA mutation creates a

potential window of opportunity to escalate but also de-

escalate treatment.
BA

FIGURE 4

(A) Cystic cavity with necrohemorrhagic content covered by a thick fibrous wall with abundant sero-hemorrhagic fluid. (B) Histopathological
examination of mastectomy specimens. No tumoral cells were found.
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In this case report, germline RAD51D PV and RAD51 low

scores likely determined the chemotherapy sensitivity observed.

More research is needed on functional and dynamic biomarkers,

such as the RAD51 test, to validate its predictive value on

drug responsiveness.
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Platinum-based neoadjuvant chemotherapy in triple-negative breast cancer: A
systematic review and meta-analysis. Ann Oncol Off J Eur Soc Med Oncol (2018) 29
(7):1497–508. doi: 10.1093/annonc/mdy127

22. Lose F, Lovelock P, Chenevix-Trench G, Mann GJ, Pupo GM, Spurdle AB.
Variation in the RAD51 gene and familial breast cancer. Breast Cancer Res (2006) 8
(3):1–7. doi: 10.1186/bcr1415

23. Cruz C, Castroviejo-Bermejo M, Gutiérrez-Enrıq́uez S, Llop-Guevara A,
Ibrahim YH, Gris-Oliver A, et al. RAD51 foci as a functional biomarker of
homologous recombination repair and PARP inhibitor resistance in germline
BRCA-mutated breast cancer. Ann Oncol Off J Eur Soc Med Oncol (2018) 29
(5):1203–10. doi: 10.1093/annonc/mdy099

24. Schmid P, Cortes J, Pusztai L, McArthur H, Kümmel S, Bergh J, et al.
Pembrolizumab for early triple-negative breast cancer. N Engl J Med (2020) 382
(9):810–21. doi: 10.1056/NEJMoa1910549

25. Schmid P, Cortes J, Dent R, Pusztai L, McArthur H, Kümmel S, et al. Event-
free survival with pembrolizumab in early triple-negative breast cancer. N Engl J
Med (2022) 386(6):556–67. doi: 10.1056/NEJMoa2112651

26. Loibl S, O’Shaughnessy J, Untch M, Sikov WM, Rugo HS, McKee MD, et al.
Addition of the PARP inhibitor veliparib plus carboplatin or carboplatin alone to
standard neoadjuvant chemotherapy in triple-negative breast cancer (BrighTNess):
A randomised, phase 3 trial. Lancet Oncol (2018) 19(4):497–509. doi: 10.1016/
S1470-2045(18)30111-6

27. Litton JK, Beck JT, Jones JM, Andersen J, Blum JL, Mina LA, et al.
Neoadjuvant talazoparib in patients with germline BRCA1/2 (Gbrca1/2)
mutation-positive, early HER2-negative breast cancer (BC): Results of a phase 2
study. Journal of Clinical Oncology(2021) 39(15_suppl):505–5. doi: 10.1200/
JCO20213915_suppl505

28. Tutt ANJ, Garber JE, Kaufman B, Viale G, Fumagalli D, Rastogi P, et al.
Adjuvant olaparib for patients with BRCA1- or BRCA2-mutated breast cancer. N
Engl J Med (2021) 384(25):2394–405. doi: 10.1056/NEJMoa2105215
frontiersin.org

https://doi.org/10.15252/emmm.201809172
https://doi.org/10.1016/j.annonc.2021.09.003
https://doi.org/10.1097/PPO.0000000000000494
https://doi.org/10.1007/s10552-009-9331-1
https://doi.org/10.3941/jrcr.v14i2.3712
https://doi.org/10.1148/rg.27si075508
https://doi.org/10.1158/1078-0432.CCR-06-3045
https://doi.org/10.1001/jama.295.14.1658
https://doi.org/10.3389/fonc.2021.690336
https://doi.org/10.1200/JCO.2007.14.4147
https://doi.org/10.1200/JCO.2007.14.4147
https://doi.org/10.1200/JCO.2014.57.0572
https://doi.org/10.1038/s41467-021-22582-6
https://doi.org/10.1093/annonc/mdy127
https://doi.org/10.1186/bcr1415
https://doi.org/10.1093/annonc/mdy099
https://doi.org/10.1056/NEJMoa1910549
https://doi.org/10.1056/NEJMoa2112651
https://doi.org/10.1016/S1470-2045(18)30111-6
https://doi.org/10.1016/S1470-2045(18)30111-6
https://doi.org/10.1200/JCO20213915_suppl505
https://doi.org/10.1200/JCO20213915_suppl505
https://doi.org/10.1056/NEJMoa2105215
https://doi.org/10.3389/fonc.2022.963728
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Genetic and functional homologous repair deficiency as biomarkers for platinum sensitivity in TNBC: A case report
	Introduction
	Case presentation
	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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 [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /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 false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /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 /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /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


