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Case report: Cardiac
neuroendocrine carcinoma and
squamous cell carcinoma treated
with MR-guided adaptive
stereotactic radiation therapy
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We present two cases of cardiac metastases adjacent to the right ventricle in a

55-year-old male and a 61-year-old female, both treated with magnetic

resonance (MR)-guided adaptive stereotactic radiation therapy (SBRT). The

prescribed regimen was 30Gy delivered in 3 fractions using a 1.5 Tesla

magnetic resonance linear accelerator (MR-linac). Patients exhibited favorable

tolerance to the treatment, with no observed acute toxicity.
KEYWORDS
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1 Introduction

Cardiac tumors, though rare in incidence, present substantial challenges in both

diagnostic and therapeutic treatment options. The incidence of primary cardiac tumors is

reported to range from 0.002% to 0.3%, whereas secondary cardiac tumors, or cardiac

metastases, exhibit a markedly higher frequency, being 22 to 132 times more common (1, 2).

Although biopsy remains the gold standard for diagnosing cardiac tumors, the integration of

multimodality imaging, encompassing transthoracic echocardiography, cardiovascular

magnetic resonance (MR), cardiac computed tomography (CT), and positron emission
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tomography (PET/CT), enables accurate diagnosis and treatment

strategy formation, often obviating the need of invasive biopsy (3).

Notably, primary lung cancer, breast cancer, and hematologic

malignancies have elevated propensities for cardiac involvement

(4). In contrast to the imperative for complete resection in many

primary cardiac tumors, the management of cardiac metastasis is

highly individualized and contingent upon the nature of the primary

tumor (3). Surgical debulking is reserved for instances involving

intracavitary metastases causing cardiac decompensation or solitary

disease with a favorable prognosis. Nevertheless, the overall survival

rate for patients with malignant cardiac tumors remains bleak.

Historically, radiation therapy has served as a palliative treatment

to alleviate symptoms and improve the quality of life for patients (5).

In recent years, stereotactic body radiation therapy (SBRT) has

emerged as an alternative definitive treatment method, particularly

for patients that are inoperable, delivering higher and more definitive

dose (6, 7). Moreover, the advent of MR-guided radiotherapy has

significantly advanced treatment precision through superior soft-

tissue/tumor visualization and the ability for daily plan adaptation.

This report presents two cases of cardiac metastases treated at our

institution on a high-field 1.5T MR-Linac using adaptive SBRT.
2 Methods and materials

This study was approved by the local Institutional Review Board

(protocol # 2022-0521). Eligible patients with cardiac metastases

were enrolled in the treatment protocol following a comprehensive

discussion by a multi-disciplinary team, which considered the

treatment history, the benefits and risks of potential interventions.

A 4DCT simulation scan was conducted in the supine position,

arms raised up, using a Wing Board and Vac-lock bag. This scan

served to estimate the respiratory and cardiac motion, acquire

electron density data, and delineate organs-at-risk (OARs). MR

simulation was executed the same day of 4DCT simulation on a 1.5

Tesla Unity MR-linac system, using T2-weighted transverse

scanning under free-breathing conditions. The internal gross

target volume (iGTV) was contoured based on the T2-weighted

scans to account for cardiac motion. To verify the contour integrity,

contrast CT images were fused with the T2-weighted MR image.

Semi-automatic tools were used to contour OARs on 4DCT scans,

and both OAR contours and electron densities were subsequently

transferred to the MR image. The synthetic CT generated from the

MR image underwent subjective verification. The planning target

volume (PTV) was generated through isotropic expansion of the

iGTV with a margin based on the estimated respiratory motion.

Demonstration of iGTV and PTV on MR and CT scans is shown in

Figure 1. A reference plan, prescribing 30 Gy to 95% of the PTV,

was created on the simulation T2-weighted image. Patients received

treatment on consecutive days with free-breathing conditions. Daily

adaptation of the reference plan employed the adapt-to-position

(ATP) technique, where an isocenter shift is made on the reference

plan based on rigid registration followed by plan re-optimization

(8), given minor anatomical changes observed during the whole

treatment course.
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3 Case presentation

The first case is a 55-year-old male initially diagnosed with

bulky stage II T2N0M0 laryngeal cancer in May 2018. The patient

underwent chemoradiation treatment, receiving a total dose of

70Gy (2Gy per fraction) with concomitant cis-platinum. In 2020,

he presented with left arm subcutaneous nodules and metastatic

recurrence in the larynx. Subsequent biopsy of the subcutaneous

nodules indicated poorly differentiated neuroendocrine carcinoma.

Palliative radiation was then administered to multiple subdermal

sites in 2020 in conjunction with chemo- and targeted therapy

(carboplatin/etoposide/atezolizumab) and immunotherapy

(Durvalumab) in 2021. By October 2021, the patient progressed

with an intracardiac mass. A chest CT with contrast revealed an

enlarging nodule in the right ventricle. Multi-sequence multiplanar

cardiac MR imaging, acquired with and without intravenous

contrast, identified a mass in the right ventricle lumen measuring

34 mm in greatest diameter. The patient claimed generalized pains

in previously treated sites but no cardiovascular symptoms.

Following consultation with the multi-disciplinary team, the

patient was referred to the Department of Radiation Oncology for

treatment with SBRT on MR-linac in November 2021. The iGTV is

12.45 cm3 with the consideration of cardiac and respiratory motion.

The PTV was created by expanding the iGTV by 5mm in all

directions. The total dose of 30 Gy was prescribed in 3 fractions,

targeting at least 95% of the PTV volume. Detailed patient and

treatment characteristics are shown in Table 1. The dosimetric

criteria are demonstrated in Table 2. Throughout the treatment

course, the patient continued to take Xarelto 10mg orally once daily

to prevent blood clots. The daily plan was re-optimized using ATP

technique. The dose distribution and dose-volume histograms

(DVH) of the third fraction are shown in Figure 2. After the

SBRT treatment of the cardiac mass, the patient received

chemotherapy (carboplatin/docetaxel) for subcutaneous

metastases in January 2022. Three months post the SBRT

treatment, the patient reported subdermal pains and moderate

fatigue, with no chest pain and tightness. Four months post the

treatment, a PET/CT scan suggested a reasonable response to SBRT

for his cardiac metastasis. Follow-up cardiac MR with and without

contrast, along with chest CT with contrast after 5 months,

indicated a reduction in size of the cardiac mass, as shown

in Figure 3. Another PET/CT scan acquired 7 months later

suggested a stable response at the treatment site. However, he had

further progression of existing pulmonary, intramuscular, and

subcutaneous metastases.

The second case involved a 61-year-old female diagnosed with

thymic squamous cell carcinoma of the anterior mediastinum in

May 2020 . In Augus t 2020 , the pat i ent underwent

chemoradiotherapy, receiving a total dose of 66 Gy (2.2 Gy per

fraction), followed by immunotherapy. A subsequent PET/CT scan

in the follow-up identified an anterior pericardial mass, further

confirmed by echocardiogram and contrasted cardiac MR images in

November 2021. Contrasted CT indicated the pericardial mass

increased from 26 mm x 18 mm in November to 36 mm x

23 mm in December. Given the high risks associated with surgery
frontiersin.org
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in the tumor location, the patient was recommended for SBRT

treatment on the MR-Linac in January 2022. The SBRT treatment

plan was designed accounting for the prior thymic radiation. Three

months post-treatment, the patient’s chest pain was resolved. A CT

chest with contrast suggested responsiveness of the pericardial mass

and no progression of the original thymic carcinoma, as indicated in

Figure 3. The centrally located anterior pericardial presumed

metastasis remained controlled, along with the primary

treatment-related changes in the anterior mediastinum, without

evidence of local recurrence. A PET/CT scan acquired 6 months

post-treatment revealed a reduction in size of the anterior

pericardial metastasis, together with increased superior pericardial

thickening. However, she was found to have recurrences outside of

the SBRT field including a new 12 mm anterior pericardial and a

11 mm left lower lobe lung nodule. The new pericardial mass was

separate from the treated cardiac metastasis. Both of new nodules

were found to be within the radiation field of the primary

mediastinum treatment. She also developed radiation
Frontiers in Oncology 03
pneumonitis and was treated with a long taper of high dose

prednisone. Unfortunately, the patient had an acute myocardial

infarction and died 8 months after her radiation treatment. This was

felt to be unrelated to her SBRT treatment given her significant pre-

existing significant coronary artery disease with history of coronary

artery bypass surgery, stenting, and angioplasty.
4 Discussion

While cardiac metastases exhibit a higher incidence than

primary cardiac tumors, they remain a rare disease. Currently,

there is no standard for the treatment of cardiac metastases, and

cardiac resection is infrequently recommended due to associated

high risks and poor outcomes. Palliative interventions,

chemotherapy, or radiotherapy (e.g., 24 Gy in 8 fractions) have

been considered as treatment options (9, 10), yet these approaches

demonstrate suboptimal prognosis. The emergence of SBRT and
FIGURE 1

Magnetic resonance (MR) and computed tomography (CT) scans showing internal gross tumor volume (iGTV) in red and planning risk volume (PTV)
in cyan.
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MR-guided adaptive radiotherapy (MRgRT) has positioned

radiotherapy as a curative option, providing patients with precise

and highly conformal radiation treatments. Conventional CT scans

lack sufficient imaging capabilities for accurate identification of

cardiac tumors and surrounding cardiac structures. In contrast, the

MR-linac system offers superior soft-tissue contrast, reducing

uncertainties in target delineation and enhancing sparing of

adjacent tissues. In addition, the daily verification of patient

anatomy and adaptability of treatment plans enable dose

escalation with acceptable acute toxicities. Further gains in the

image quality and cardiac motion management can be made by the

application of breath holding or beam gating techniques. MR-

guided SBRT has found application in several cases involving

primary (11–13) or metastatic cardiac tumors (14), with dose
Frontiers in Oncology 04
regimens ranging from 30-40 Gy in 5 fractions to 60 Gy in 12

fractions, achieving promising treatment responses and no acute

adverse events. The reported histology includes angiosarcoma,

primary and recurrent sarcoma, uveal, desmoplastic, and

cutaneous melanoma, as well as breast intraductal carcinoma.

Notably, both undifferentiated carcinoma (19.5%) and squamous

cell carcinoma (18.2%) have high rates of cardiac metastasis (2). To

the best knowledge of the authors, this study presents the first

instance of patients with neuroendocrine carcinoma and squamous

cell carcinoma cardiac metastases being treated using SBRT on a 1.5

Telsa MR-Linac. Although follow up for our patients was limited,

MR-guided SBRT was delivered successfully with tumor regression

and minimal acute toxicity suggesting that this may be a feasible

treatment approach for cardiac metastases.
FIGURE 2

Dose distribution and dose-volume histograms (DVH) of the third fraction of stereotactic body radiation therapy (SBRT) treatment. In the DVH, solid
curves represent the adapted plan and dash curves represent the reference plan created on simulation MR images.
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TABLE 1 Patient and treatment characteristics.

Case 1 Case 2

Age 55 61

Gender Male Female

Histology Neuroendocrine carcinoma Squamous cell carcinoma

Site of tumor Right ventricle septa wall Anterior right ventricle

Prescription dose (Gy) 30 30

Number of fractions 3 3

Isodose prescription (PTV) 95% 95%

iGTV volume (cc) 12.45 21.59

Minimum iGTV dose 29.89 30.12

Max iGTV dose 32.14 32.99

PTV margin (mm) 5 3

PTV volume (cc) 38.53 40.07

Minimum PTV dose 28.64 29.21

Max PTV dose 32.38 32.99

PTV coverage 96.99% 99.57%

Monitor units 2267.4 2632.15

Beams 11 11

Segments 62 82
F
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TABLE 2 Dosimetric criteria of targets and organs-at-risk (OARs) for the two cases.

Structure Case 1 Case 2

Constraint Planned Constraint Planned

iGTV V3000cGy > 97% 99.98% V3000cGy > 100% 100.00%

PTV V3000cGy > 95% 96.99% V3000cGy > 95% 99.57%

Spinal Cord V1800cGy < 0.01 cm3 0.0 cm3 V1800cGy < 0.01 cm3 0.0 cm3

Dmax < 1800 cGy 225.0 cGy Dmax < 1800 cGy 301.8 cGy

Esophagus V2700cGy < 0.1 cm3 0.0 cm3 V2700cGy < 0.1 cm3 0.0 cm3

Dmean < 3000 cGy 121.0 cGy Dmean < 3000 cGy 118.0 cGy

BrachialPlex_L V2400cGy < 0.1 cm3 0.0 cm3 V2400cGy < 0.1 cm3 0.0 cm3

Chestwall V3000cGy < 30 cm3 0.0 cm3 V3000cGy < 30 cm3 4.939 cm3

Lungs V2000cGy < 10% 0.00% V2000cGy < 10% 0.00%

V1000cGy < 15% 0.01% V1000cGy < 15% 1.23%

V500cGy < 20% 1.45% V500cGy < 20% 3.30%

Dmean < 500 cGy 76.8 cGy Dmean < 500 cGy 139.5 cGy

Heart V3500cGy < 0.1 cm3 0.0 cm3 V3500cGy < 0.1 cm3 0.0 cm3

Dmax < 3500 cGy 3237.7 cGy Dmax < 3500 cGy 3246.6 cGy

BrachialPlex_R Dmax < 6600 cGy 12.5 cGy — —

Active myocardium — — Dmean < 1000 cGy 910.6 cGy

Trachea — — V3000cGy < 0.01 cm3 0.0 cm3
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5 Conclusions

We demonstrate the feasibility of using anMR-guided workflow

for the treatment of cardiac metastases, yielding well-tolerated

toxicities accompanied by symptomatic relief. Nevertheless, a

more extensive dataset and extended follow-up periods are

imperative for a comprehensive exploration of treatment efficacy.

The growing interest and ongoing trials in the realm of hypo-

fractionated SBRT delivered via MR-Linac promise avenue for

addressing inoperable cardiac metastases. Continued research in

this direction holds potential for refining treatment strategies and

advancing patient outcomes.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving humans were approved by UT MD

Anderson Cancer Center Institutional Review Board. The studies

were conducted in accordance with the local legislation and

institutional requirements. Written informed consent for
Frontiers in Oncology 06
participation was not required from the participants or the

participants’ legal guardians/next of kin in accordance with the

national legislation and institutional requirements. Written

informed consent was not obtained from the individual(s) for the

publication of any potentially identifiable images or data included in

this article because This is a retrospective study covered by an

institutional review board (IRB)-approved protocol (2022-0521).

Informed patient consent is waived in this protocol due to the

nature of a retrospective study.
Author contributions

XC: Conceptualization, Data curation, Investigation, Methodology,

Validation, Visualization, Writing – original draft. JW:

Conceptualization, Data curation, Investigation, Methodology,

Validation, Visualization, Writing – review & editing. AS: Data

curation, Investigation, Validation, Writing – review & editing.

BL: Data curation, Investigation, Writing – review & editing,

Validation. NH: Data curation, Investigation, Validation, Writing –

review & editing. MM: Data curation, Investigation, Validation,

Writing – review & editing. YZ: Data curation, Investigation,

Validation, Writing – review & editing. XW: Validation, Writing –

review & editing. XZ: Validation, Writing – review & editing.

JN: Validation, Writing – review & editing. SS: Validation, Writing –

review & editing. LC: Supervision, Validation, Writing – review &
FIGURE 3

Demonstration of pre- and post-SBRT cardiac lesions. Diagnostic MR and CT images were both acquired with contrast agents.
frontiersin.org

https://doi.org/10.3389/fonc.2024.1411474
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Chen et al. 10.3389/fonc.2024.1411474
editing. ZL: Supervision, Validation, Writing – review & editing,

Funding acquisition. PL: Writing – review & editing, Funding

acquisition, Resources, Supervision, Validation. JY: Writing – review

& editing, Funding acquisition, Resources, Supervision, Validation.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This work

was supported in part by the National Institutes of Health through

Research Project Grant R01HL157273-03 and Cancer Center

Support (Core) Grant P30016672, start-up funds from MD

Anderson Cancer Center, and a grant from the Radiation

Oncology Institute (ROI2022-9133).
Frontiers in Oncology 07
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.
References
1. Rahouma M, Arisha MJ, Elmously A, El-Sayed Ahmed MM, Spadaccio C, Mehta
K, et al. Cardiac tumors prevalence and mortality: A systematic review and meta-
analysis. Int J Surg. (2020) 76:178–89. doi: 10.1016/j.ijsu.2020.02.039

2. Bussani R, Castrichini M, Restivo L, Fabris E, Porcari A, Ferro F, et al. Cardiac
tumors: diagnosis, prognosis, and treatment. Curr Cardiol Rep. (2020) 22:169.
doi: 10.1007/s11886-020-01420-z

3. Tyebally S, Chen D, Bhattacharyya S, Mughrabi A, Hussain Z, Manisty C, et al.
Cardiac tumors. JACC CardioOncology. (2020) 2:293–311. doi: 10.1016/
j.jaccao.2020.05.009

4. Goldberg AD, Blankstein R, Padera RF. Tumors metastatic to the heart.
Circulation. (2013) 128:1790–4. doi: 10.1161/CIRCULATIONAHA.112.000790

5. Fotouhi Ghiam A, Dawson LA, Abuzeid W, Rauth S, Jang RW, Horlick E, et al.
Role of palliative radiotherapy in the management of mural cardiac metastases: who,
when and how to treat? A case series of 10 patients. Cancer Med. (2016) 5:989–96.
doi: 10.1002/cam4.619

6. Bonomo P, Cipressi S, Desideri I, Masi L, Doro R, Iermano C, et al. Stereotactic
body radiotherapy with cyberknife for cardiac Malignancies. Tumori J. (2015) 101:294–
7. doi: 10.5301/tj.5000280

7. Bonomo P, Livi L, Rampini A, Meattini I, Agresti B, Simontacchi G, et al.
Stereotactic body radiotherapy for cardiac and paracardiac metastases: University of
Florence experience. Radiol Med (Torino). (2013) 118:1055–65. doi: 10.1007/s11547-
013-0932-0
8. Winkel D, Bol GH, Kroon PS, Van Asselen B, Hackett SS, Werensteijn-Honingh
AM, et al. Adaptive radiotherapy: The Elekta Unity MR-linac concept. Clin Transl
Radiat Oncol. (2019) 18:54–9. doi: 10.1016/j.ctro.2019.04.001

9. Maebayashi A, Nagaishi M, Nakajima T, Hata M, Xiaoyan T, Kawana K.
Successful surgical treatment of cardiac metastasis from uterine leiomyosarcoma: A
case report and literature review. J Obstet Gynaecol Res. (2020) 46:795–800.
doi: 10.1111/jog.14231

10. Hiroi S, Miguchi M, Ikeda S, Nakahara H, Shinozaki K, Nishisaka T, et al.
Capecitabine plus bevacizumab for cardiac metastasis of sigmoid colon cancer: case
report and literature review. In Vivo. (2020) 34:3413–9. doi: 10.21873/invivo.12180

11. Noyan A, Yavas G, Efe E, Arslan G, Yavas C, Onal C. Cardiac angiosarcoma treated
with 1.5 Tesla MR-guided adaptive stereotactic body radiotherapy – Case report and review
of the literature. Int J Surg Case Rep. (2022) 98:107521. doi: 10.1016/j.ijscr.2022.107521

12. Corradini S, Von Bestenbostel R, Romano A, Curta A, Di Gioia D, Placidi L, et al.
MR-guided stereotactic body radiation therapy for primary cardiac sarcomas. Radiat
Oncol. (2021) 16:60. doi: 10.1186/s13014-021-01791-9

13. Pomp J, Van Asselen B, Tersteeg RHA, Vink A, Hassink RJ, van der Kaaij NP,
et al. Sarcoma of the heart treated with stereotactic MR-guided online adaptive
radiation therapy. Case Rep Oncol. (2021) 14:453–8. doi: 10.1159/000513623

14. Sim AJ, Palm RF, DeLozier KB, Feygelman V, Latifi K, Redler G, et al. MR-
guided stereotactic body radiation therapy for intracardiac and pericardial metastases.
Clin Transl Radiat Oncol. (2020) 25:102–6. doi: 10.1016/j.ctro.2020.10.006
frontiersin.org

https://doi.org/10.1016/j.ijsu.2020.02.039
https://doi.org/10.1007/s11886-020-01420-z
https://doi.org/10.1016/j.jaccao.2020.05.009
https://doi.org/10.1016/j.jaccao.2020.05.009
https://doi.org/10.1161/CIRCULATIONAHA.112.000790
https://doi.org/10.1002/cam4.619
https://doi.org/10.5301/tj.5000280
https://doi.org/10.1007/s11547-013-0932-0
https://doi.org/10.1007/s11547-013-0932-0
https://doi.org/10.1016/j.ctro.2019.04.001
https://doi.org/10.1111/jog.14231
https://doi.org/10.21873/invivo.12180
https://doi.org/10.1016/j.ijscr.2022.107521
https://doi.org/10.1186/s13014-021-01791-9
https://doi.org/10.1159/000513623
https://doi.org/10.1016/j.ctro.2020.10.006
https://doi.org/10.3389/fonc.2024.1411474
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Case report: Cardiac neuroendocrine carcinoma and squamous cell carcinoma treated with MR-guided adaptive stereotactic radiation therapy
	1 Introduction
	2 Methods and materials
	3 Case presentation
	4 Discussion
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	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


