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Is CT or FDG-PET more useful
for evaluation of the treatment
response in metastatic HER2-
positive breast cancer? a case
report and literature review
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Hospital, Hyogo, Japan
Response evaluation criteria in solid tumors version 1.1 (RECIST ver1.1) has been

widely adopted to evaluate treatment efficacy in solid tumors, including breast

cancer (BC), in clinical trials and clinical practice. RECIST is based mainly on

computed tomography (CT) images, and the role of fluorodeoxyglucose-

positron emission tomography (FDG-PET) is limited. However, because the

rate of tumor shrinkage on CT does not necessarily reflect the potential

remaining tumor cells, there may be a discrepancy between the treatment

response and prognosis in some cases. Here we report a case of metastatic

human epidermal growth factor receptor 2 (HER2)-positive BC where FDG-PET

was preferable to CT for evaluation of the treatment response. A 40-year-old

woman became aware of a lump in her right breast in September 201X. She was

pregnant and underwent further examinations, including a biopsy, in November.

The diagnosis was HER2-positive BC (cT2N2bM1, stage IV). Trastuzumab plus

pertuzumab plus docetaxel (TPD) therapy was initiated in December 201X. CT

performed in February 201X+1 showed cystic changes in themetastatic lesions in

the liver, and the treatment response was stable disease (SD) according to

RECIST. However, FDG-PET in March 201X+1 did not detect abnormal uptake

of FDG in the hepatic lesions. The disease remained stable thereafter. Thus,

tumor shrinkage may not be apparent in situations where the response to

treatment results in rapid changes in blood flow within the tumor, which is

associated with cystic changes. When patients with hypervascular liver

metastases receive treatment with highly effective regimens, the target lesion

may show cystic changes rather than shrinkage, as observed in the present case.

Therefore, FDG-PET is sometimes superior to CT in judging a tumor response.
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1 Introduction

Response evaluation criteria in solid tumors version 1.1 (RECIST

ver1.1) has been widely adopted to evaluate treatment efficacy in solid

tumors, including breast cancer (BC), in clinical trials and clinical

practice (1). RECIST ver1.1 is mainly based on computed tomography

(CT) images and is useful for the evaluation of cytotoxic anticancer

therapy as well as molecular-targeted drug therapy (2). The role of 18F-

fluorodeoxyglucose-positron emission tomography (FDG-PET) in the

determination of the treatment efficacy is limited. However, because

tumor shrinkage based on CT images does not always correspond to

tumor cell residuals, scattered cases have been reported in which the

treatment efficacy determination and prognosis are divergent (3–7).

Conversely, FDG-PET can evaluate tumor activity by glucose uptake.

Hence, in Europe and the United States, quantitative treatment

response determination by FDG-PET has been attempted, with the

recommendation of FDG-PET by the European organization for

research and treatment of cancer (8) and the PET Response Criteria

in Solid Tumors (9). Although several studies have used FDG-PET to

determine the efficacy of neoadjuvant chemotherapy against human

epidermal growth factor receptor 2 (HER2)-positive BC (10–13), few

studies have examined the utility of FDG-PET in determining the

efficacy of treatment for metastatic HER2-positive BC (14). Here we

report a case of metastatic HER2-positive BC where FDG-PET was

preferable to CT for evaluation of the treatment response.
2 Case report

A 40-year-old woman became aware of a lump in her right breast

in September 201X. Because she was pregnant, she underwent a

cesarean section in mid-November and underwent further

examinations, including a core needle biopsy, in late November.

Physical examination at the initial visit to our department revealed a

body temperature of 36.5°C; a heart rate of 78 beats/min; blood

pressure of 122/74 mmHg; a respiratory rate of 12 breaths/minute;

no eyelid conjunctiva pallor; no heart murmur; flat, soft, non-tender

abdomen; no edema; a palpable, 2-cm, elastic, firm mass in the upper

outer quadrant of the right breast; and palpable and swollen right

axillary lymph nodes. Breast ultrasound revealed a hypoechoic mass

measuring 32.6 × 16.2 mm and showing well-defined borders and a

heterogeneous interior in the upper outer quadrant of the right breast.

Blood tests showed mildly elevated liver enzymes, high serum alkaline

phosphatase and serum lactate dehydrogenase (LDH) levels, and

markedly elevated carcinoembryonic antigen (CEA) and

carbohydrate antigen 15-3 (CA15-3) levels (Table 1). FDG-PET/CT

revealed high FDG accumulation in the upper outer quadrant of the

right breast (standardized uptake value (SUV) max, 7.519), enlarged

lymph nodes, and high FDG accumulation in the level I–II region of

the right axilla and internal mammary lymph node region (SUV max,

3.525), numerous low-density areas with high FDG accumulation in

the liver (SUVmax, 7.816), and high FDG accumulation in the left iliac

bone (SUV max, 7.356) (Figure 1). The histopathological diagnosis

based on core needle biopsy from the breast mass was invasive ductal

carcinoma of the breast (estrogen receptor (ER)-positive, progesterone

receptor-negative, HER2 3+, Ki-67 40%). The clinical stage by imaging
Frontiers in Oncology 02
was cT2N2bM1[OSS, HEP], stage IV. Trastuzumab plus pertuzumab

plus docetaxel (TPD) therapy for metastatic HER2-positive BC was

initiated in December 201X. Blood tests on the day after treatment

showed the following: aspartate aminotransferase (AST), 341 IU/L;

alanine aminotransferase (ALT), 155 IU/L; LDH, 4021 IU/L; and liver

dysfunction. However, there were no findings indicating suspected

tumor lysis syndrome, with a serum creatinine level of 0.48 mg/dL, uric

acid level of 5.2 mg/dL, potassium level of 3.9 mmol/L, and phosphorus

level of 3.6 mg/dL. Blood tests performed 2 days after the start of

chemotherapy showed the following: AST, 187 IU/L; ALT, 143 IU/L;

and LDH, 2151 IU/L, with liver dysfunction and LDH levels also

showing an improvement trend. At the start of the second course of

treatment, the patient’s liver enzymes were within normal limits, and

she continued treatment. In February 201X+1, the CEA and CA15-3

levels were 90.2 ng/mL and 33.0 IU/mL, respectively. CT performed in

the same period showed cystic changes in the metastatic lesions in the

liver, and the treatment response was stable disease according to

RECIST (Figure 2). However, FDG-PET performed in March 201X

+1 did not detect abnormal uptake of FDG in the hepatic lesions

(Figure 2; Supplementary Figure 1). CT performed in June 201X+1

showed shrinkage of the liver metastases, and the disease remained

stable for more than three years (Figure 2).
3 Discussion

We presented a case of HER2-positive BC with liver metastasis

where FDG-PET was valuable for the assessment of the therapeutic

response. The patient, who showed an early response according to

FDG-PET, continued to respond to treatment three years after the

start of treatment.

In some reports, the pathological complete response rate after

neoadjuvant chemotherapy for HER2-positive BC has correlated

with the treatment response evaluated by FDG-PET (10–13, 15–21),

whereas no correlation has been observed in other studies (22–26).

Furthermore, for BC, the utility of FDG-PET may differ between

primary sites and metastatic lymph nodes (27). Furthermore, the

ability of PET to detect breast cancer is highly dependent on tumor

size: the sensitivity for tumors less than 1 cm in diameter was 25%,

whereas the sensitivity for tumors between 1 cm and 2 cm in

diameter was 84.4% (28). On the other hand, RECIST ver1.1, based

on CT imaging, reportedly shows efficacy in determining the

therapeutic effect of molecular-targeted drug therapy (2).

Therefore, the routine use of FDG-PET for determining the

treatment response in BC is not recommended.

However, HER2/ER-positive breast cancer may be the most

suitable breast cancer subtype for FDG-PET. The rationale for their

suitability is that glucose transporters (GLUT) on cell membranes and

cell proliferative capacity influence FDG accumulation (29). The

Phosphatidylinositol 3-kinase (PI3K)/Akt/mammalian target of

rapamycin (mTOR) pathway is also involved in the expression and

function of GLUTs, which are involved in glucose uptake (30). HER2/

ER-positive breast cancer often has high Ki67 levels, a marker of cell

proliferative potential, and the PI3K/Akt/mTOR pathway is also

activated (31). If treatment for this breast cancer subtype is

successful, a decrease in FDG accumulation may be detected earlier
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than morphological shrinkage by CT because of the expected reduced

expression of GLUT and Ki67 values. Furthermore, there are reports

that FDG-PET affects the prognosis of breast cancer patients (32, 33).

That is because FDG-PET has a high diagnostic ability for distant

metastasis, especially in breast cancer patients with bone metastasis

(34, 35). Therefore, FDG-PET may be useful not only for detecting
Frontiers in Oncology 03
distant metastases that are difficult to detect with CT in staging but

also for follow-up.

In addition, FDG-PET is useful for determining the response to

drug treatment in patients with gastrointestinal stromal tumors

(GISTs) (3, 4, 36–38). Therefore, FDG-PET is preferred over

RECIST for evaluation of the response to treatment (39). The
TABLE 1 Laboratory data obtained at the initial visit to our department for a patient with human epidermal growth factor receptor 2-positive breast cancer.

Blood components Patient Normal range

Complete blood count

White blood cells 7340 /mL 3300–8600

Red blood cells 466x104 /mL 386-492 × 104

Hemoglobin 14.1 g/dL 11.6–14.8

Hematocrit 43.9 % 35.1–44.4

Mean corpuscular volume 94 fL 83.6–98.2

Platelets 30.9x104 /mL 158-348 × 104

Neutrophils 79 % 40.0–70.0

Lymphocytes 10 % 20.0–50.0

Monocytes 6 % 0.0–10.0

Eosinocytes 2 % 1.0–5.0

Basocytes 1 % 0.0–1.0

Biochemistry

Total protein 6.8 g/dL 6.6–8.1

Albumin 3.7 g/dL 4.1–5.1

C-reactive protein 0.27 mg/dL 0.00–0.14

Aspartate aminotransferase 55 IU/L 13–30

Alanine aminotransferase 48 IU/L 7–23

Alkaline phosphatase 925 IU/L 106–322

Total bilirubin 0.7 mg/dL 0.4–1.5

Lactate dehydrogenase 605 IU/L 124–222

Blood urea nitrogen 13.1 mg/dL 8.0–20.0

Creatinine 0.46 mg/dL 0.46–0.79

Uric acid 4.8 mg/dL 2.6–5.5

Na 142 mEq/L 138–145

K 3.7 mEq/L 3.6–4.8

Cl 104 mEq/L 101–108

Ca 9.4 mg/dL 8.8–10.1

P 2.9 mg/dL 2.7–4.6

Creatine kinase 78 IU/L 41–153

Amylase 75 IU/L 44–132

Glucose 152 mg/dL 73–109

CEA 2365 ng/mL 0.0–5.0

CA15-3 154 IU/mL 0.0–37.0
Na, sodium; K, potassium; Cl, chlorine; Ca, calcium; P, phosphorus; CEA, carcinoembryonic antigen; CA15-3, carbohydrate antigen 15-3.
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characteristics of GISTs and their treatment include the presence of

hypervascular liver metastases (40–42) and a high response rate to

imatinib therapy (43). Approximately two-thirds of GISTs have KIT

exon11 mutations (40, 44). The response rate for imatinib in

patients with untreated metastatic GISTs with KIT exon11

mutations reportedly ranges from 68% to 72% (45–47) (Table 2).

High-response chemotherapy for hypervascular tumors leads to
Frontiers in Oncology 04
rapid blood flow changes. This can result in internal necrosis and

cystic transformation without tumor shrinkage, which may occur

during the treatment of GISTs (55). In such cases, FDG-PET is

more suitable for determining the treatment response than RECIST.

The response rate for the TPD regimen used for untreated HER2-

positive BC reportedly ranges from 80.2% to 88.6% (48–50) (Table 2),

and some cases of hepatic metastases from BC show hypervascular
FIGURE 1

Fluorodeoxyglucose-positron emission tomography/computed tomography findings at the initial visit to our department for the patient with human
epidermal growth factor receptor 2-positive breast cancer. (A) High FDG accumulation in the level I–II region of the right axilla (red arrow) (B) High
FDG accumulation in the upper outer quadrant of the right breast (red arrow) (C) Numerous foci of high FDG accumulation in the liver (red arrows).
(D) High FDG accumulation in the left iliac bone (red arrow). (E) Enlarged lymph node in the level I-II region of the right axilla (yellow arrow). (F) Mass
in the upper outer right breast (yellow arrow). (G) Multiple low density areas in the liver (yellow arrows). (H) Low density area in pelvic region
(yellow arrow).
FIGURE 2

Course of treatment and imaging changes in multiple liver metastases for the patient with human epidermal growth factor receptor 2-positive
breast cancer.
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patterns (56, 57). In addition, the response rate for triplet plus

bevacizumab or anti-epidermal growth factor receptor antibody

treatment in patients with untreated colorectal cancer (CRC) with

liver metastases ranges from 60.0% to 95.5% (51–54) (Table 2).

However, liver metastases from CRC are generally hypovascular

tumors (55). Therefore, they are less frequently cystic, similar to

GISTs. Meanwhile, when angiogenesis inhibitors are administered,

the tumor blood flow is rapidly altered and the liver metastases from

CRC may become cystic; this suggests that RECIST is inappropriate

for determining the treatment efficacy (58).

The present case involved untreated HER2-positive BC with

liver metastases, and the LDH levels after initiation of the TPD

regimen suggested a high response within a few days. Patients with

such a significant reaction to hypervascular liver metastases within a

few days are prone to cystic transformation of the liver metastases.

In summary, when liver metastases do not shrink and become

cystic despite a high response to chemotherapy, FDG-PET may be

more suitable than CT-based RECIST for determination of the

treatment response.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding author.
Ethics statement

Ethical review and approval was not required for the study on

human participants in accordance with the local legislation and

institutional requirements. The patient provided written informed

consent to participate in this study. Written informed consent was

obtained from the patient for the publication of this case report.
Frontiers in Oncology 05
Author contributions

Conceptualization, HS and AO. Methodology, HS and AO.

Investigation, HS, YI, and AO. Data curation, HS, YI, and AO.

Writing—original draft preparation, HS. Writing—review and

editing, HS, YI, and AO. Supervision, AO. All authors have read

and agreed to the published version of the manuscript.
Acknowledgments

The authors would like to thank Editage (www.editage.com) for

English language editing.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1158797/

full#supplementary-material
TABLE 2 Reported response rates for chemotherapy according to the cancer type.

Cancer type Subtype Phase Setting Regimen ORR

BC (48) HER2-positive II NAC TPD 88.00%

BC (49) HER2-positive III NAC TPD 88.60%

BC (50) HER2-positive III Palliative TPD 80.20%

GIST (45) KIT exon11 mutant III Palliative Imatinib 67.70%

GIST (46) KIT exon11 mutant III Palliative Imatinib 71.70%

GIST (47) KIT exon11 mutant III Palliative Imatinib 68.80%

CRC (51) All comer II LM only FOLFOXIRI+Bev 80.50%

CRC (52) All comer II LM only FOLFOXIRI+Bev or C-mab 75.00%

CRC (53) RAS/BRAF wild II LM only FOLFOXIRI+C-mab 95.50%

CRC (54) KRAS wild II LM only FOLFOXIRI+P-mab 60.00%
frontie
ORR, overall response rate; BC, breast cancer; NAC, neoadjuvant chemotherapy; TPD, trastuzumab plus pertuzumab plus docetaxel; GIST, gastrointestinal stromal tumor; CRC, colorectal
cancer; LM, liver metastasis; FOLFOXIRI+Bev, 5-fluorouracil/leucovorin/oxaliplatin/irinotecan plus bevacizumab; C-mab, cetuximab; P-mab, panitumumab.
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et al. Bevacizumab plus mfolfox-6 or folfoxiri in patients with initially unresectable liver
metastases from colorectal cancer: the olivia multinational randomised phase ii trial.
Ann Oncol (2015) 26(4):702–8. doi: 10.1093/annonc/mdu580

52. Ychou M, Rivoire M, Thezenas S, Guimbaud R, Ghiringhelli F, Mercier-Blas A,
et al. Chemotherapy (doublet or triplet) plus targeted therapy by ras status as
conversion therapy in colorectal cancer patients with initially unresectable liver-only
metastases. the unicancer prodige-14 randomised clinical trial. Br J Cancer (2022) 126
(9):1264–70. doi: 10.1038/s41416-021-01644-y

53. Hu H, Wang K, Huang M, Kang L, Wang W, Wang H, et al. Modified folfoxiri
with or without cetuximab as conversion therapy in patients with ras/braf wild-type
unresectable liver metastases colorectal cancer: the foculm multicenter phase ii trial.
Oncologist (2021) 26(1):e90–8. doi: 10.1634/theoncologist.2020-0563

54. Bendell JC, Zakari A, Peyton JD, Boccia R, Moskowitz M, Gian V, et al. A phase
ii study of folfoxiri plus panitumumab followed by evaluation for resection in patients
with metastatic kras wild-type colorectal cancer with liver metastases only. Oncologist
(2016) 21(3):279–80. doi: 10.1634/theoncologist.2015-0439

55. Ozaki K, Higuchi S, Kimura H, Gabata T. Liver metastases: correlation between
imaging features and pathomolecular environments. Radiographics (2022) 42(7):1994–
2013. doi: 10.1148/rg.220056

56. Silva AC, Evans JM, McCullough AE, Jatoi MA, Vargas HE, Hara AK. Mr
Imaging of hypervascular liver masses: a review of current techniques. Radiographics
(2009) 29(2):385–402. doi: 10.1148/rg.292085123

57. Sadigh G, Applegate KE, Baumgarten DA. Comparative accuracy of intravenous
contrast-enhanced ct versus noncontrast ct plus intravenous contrast-enhanced ct in the
detection and characterization of patients with hypervascular liver metastases: a critically
appraised topic. Acad Radiol (2014) 21(1):113–25. doi: 10.1016/j.acra.2013.08.023

58. Wesdorp NJ, Kemna R, Bolhuis K, van Waesberghe J, Nota I, Struik F, et al.
Interobserver variability in ct-based morphologic tumor response assessment of
colorectal liver metastases. Radiol Imaging Cancer (2022) 4(3):e210105. doi: 10.1148/
rycan.210105
frontiersin.org

https://doi.org/10.1200/JCO.2017.74.9705
https://doi.org/10.1177/0284185113484642
https://doi.org/10.1038/s41572-021-00254-5
https://doi.org/10.1200/JCO.2003.04.190
https://doi.org/10.1200/JCO.2003.04.190
https://doi.org/10.1016/j.ejca.2006.01.030
https://doi.org/10.1200/JCO.2008.17.4284
https://doi.org/10.1016/S1470-2045(15)70105-1
https://doi.org/10.1016/S1470-2045(11)70336-9
https://doi.org/10.1016/S1470-2045(11)70336-9
https://doi.org/10.1001/jamaoncol.2019.3692
https://doi.org/10.1056/NEJMoa1113216
https://doi.org/10.1093/annonc/mdu580
https://doi.org/10.1038/s41416-021-01644-y
https://doi.org/10.1634/theoncologist.2020-0563
https://doi.org/10.1634/theoncologist.2015-0439
https://doi.org/10.1148/rg.220056
https://doi.org/10.1148/rg.292085123
https://doi.org/10.1016/j.acra.2013.08.023
https://doi.org/10.1148/rycan.210105
https://doi.org/10.1148/rycan.210105
https://doi.org/10.3389/fonc.2023.1158797
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Is CT or FDG-PET more useful for evaluation of the treatment response in metastatic HER2-positive breast cancer? a case report and literature review
	1 Introduction
	2 Case report
	3 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Supplementary material
	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 /sRGB
  /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


