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Objective: Evaluate the utility of *F-FDG PET/CT in the follow-up of differentiated thyroid cancer (DTC) patients with high
serum antithyroglobulin antibody (TgAb) but negative serum thyroglobulin (Tg) measurements and negative 3! [ whole-body
scans (WBS).

Material and Method: The present study included 22 consecutive patients with high serum TgADb levels. They had negative
serum Tg measurements and negative ' WBS. PET/CT was performed 60 min after intravenous injection of 227.55-455.47
MBq (6.15-12.31 mCi) of "*F-FDG using a combined PET/CT scanner. Co-registered CT images were used to differentiate
physiologic from pathologic tracer uptake. Findings on "*F-FDG PET/CT were correlated with tissue pathology, follow-up
imaging or clinical follow-up served as a reference.

Results: Twenty-two well differentiated thyroid cancer patients participated. Twelve had positive findings on '*F-FDG PET/
CT; six were true positives and six were false-positives. '*F-FDG PET/CT results were true negative in 10 patients and the
authors found no false-negative patients in the present study. The overall sensitivity, specificity and accuracy of "*F-FDG PET/
CT were 100%, 62.5% and 72.7%, respectively. TgAb levels, which are appropriated for sending DTC patient who are "'
WBS negative but have elevated serum TgAb levels to undergo "*F-FDG PET/CT scan, should be more than or equal to 414.6
1U/ml. Results should be highly consider positive if maxSUV value is equal or greater than 4.5.

Conclusion: *F-FDG PET/CT is a useful tool for localizing recurrent or metastatic DTC patients, who have negative ']
WBS but elevated serum TgAb levels. The authors recommend its use in clinical management of selected cases regardless of

the TgAD level being more than or equal to 415 IU/ml.
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In patients with well differentiated thyroid
carcinoma (DTC) the following follow-up procedures
are recommended serum thyroglobulin (Tg), serum
antithyroglobulin antibody (TgAb) and "'l whole
body scan (*'T WBS)!?. Serum Tg measurement is
the most sensitive modality for detection of recurrence
or persistent disease®®. However, the presence of
TgAb could also indicate presence of recurrent
disease. Tg-immunoradiometric assay (IRMA)
methods are prone to TgAb interference and can
under estimate serum Tg concentration, while Tg-
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radioimmunoassay (RIA) methods are less prone to
TgAb interference, but some may over estimate serum
Tg concentrations®".

When patients had residual thyroid tissue or
metastases of thyroid carcinoma, raising TgAb levels
correlated with the inability to detect Tg in 4, 30 and
73% of the patients, when initial TgAbs were < 6, 6-50
or> 50 U/ml respectively®?. Radioiodine whole body
scan (WBS) using "*'I allows localization of recurrence
or distance metastases. However, radioiodine WBS
shows negative findings in some patients with
detectable serum Tg levels.

In these cases, ®F-FDG PET/CT scan
could help to localize metastases sites with high
accuracy!*!'» BE-FDG PET/CT has not yet been
reported in the patients with high serum TgAb and
BT WBS scan negative.
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The purpose of the present study was to
evaluate the utility of "*F-FDG PET/CT in DTC with
negative radioiodine WBS but high serum TgAb
level.

Material and Method
Patient

Twenty-two consecutive patients with well
differentiated thyroid cancer (DTC) who had
undergone a previous total thyroidectomy followed
by "'l ablation of residual thyroid tissue were studied.
All patients had serum Tg measurement negative
(< 10 ng/mL) under endogenous thyrotrophin
stimulation after thyroid hormone withdrawal. They
had high serum TgAb levels (> 200 IU/mL) and
negative 'l WBS scan during follow-up. *F-FDG PET/
CT scans were performed in all patients at the
department of nuclear medicine, King Chulalongkorn
Memorial Hospital. The patient demographics are
shown in Table 1.

Thyroglobulin and antithyroglobulin antibody
measurement

The serum Tg was measured by electro-
chemiluminescence immunoassay on Elecys 2010
(ROCHE) machine. Within-and between assay
variation coefficients were 1.5% and 2.5%, respectively.
Serum Tg level below 10 ng/ml on TSH stimulation
(> 30 mIU/L) was considered negative.

The serum TgAb was measured by electroche
miluminescence immunoassay on Elecys 2010 (ROCHE)
machine. Within-and between assay variation
coefficients were 5.6% and 6.7%, respectively. Serum
TgAb levels were considered abnormal when higher
than 200 IU/mL.

BT whole-body scan

Diagnostic "*'l whole-body scans were
performed approximately 72 hours after oral
administration of *'I 111 MBq (3 mCi), under
endogenous thyrotrophin stimulation (TSH > 30 mIU/L).
Scintigraphy acquisition was done with a large field-of
-view gamma camera equipped with a medium-energy
parallel-hole collimator with a 20% symmetric window
centered at 364 keV. Anterior images of the neck,
chest, and abdomen were obtained each accumulating
100 Kcount.

BF-FDG PET/CT imaging

BE-FDG PET/CT scans were performed by
using a BIOGRAPH 16 Hi-Rez (Siemens). This PET/CT
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Table 1. Patient demographics (n = 22)

Characteristic Value
Sex
Female (n) 22
Male (n) 0
Age (years)
Average 45+ 8
Range 30-62
Histologic type
Papillary (n) 21
Mix papillary/follicular (n) 1
TgAb (IU/ml)
Average 1,758 + 1,517
Range 208.1-4,000
Reference standard
Histopathology (n) 10
Follow-up (n) 12
Average (months) 13+4
Range (months) 8-19

system combines a 16 slices helical CT scanner,
Somatom Sensation 16, with high resolution PET,
Hi-Rez, coupled to detection electronics, PICO-3D.
The PET/CT scans were performed under thyroxine
suppressive therapy after fast for at least 4 to 6 hour
before examination. The blood glucose level was
measured before *F-FDG intravenous injection. The
blood glucose levels of all patients were less than
150 mg/dL (mean, 104 + 17 mg/dL). ¥F-FDG was
injected with calculated dose of 0.14 mCi/kg. Each
patient received 227.55-455.47 MBq (6.15-12.31 mCi) of
BF-FDG administration intravenously. After tracer
injection, the patients rested on the bed in an isolated
room. PET/CT whole-body emission scans were
obtained 60 minutes after injection of the '"*F-FDG. CT
was performed before acquisition of the PET data in a
single step with the patient supine. The scanning
protocol for whole-body CT craniocaudal scanning was
120 keV, effective 120 mAs, 5-mm collimation and pitch
of 0.75. Then, a dual-slice lutetium oxyorthosilicate
PET scanner was used to acquire 3-dimensional PET
data included 6 to 8 bed positions, (3 minutes per bed
position) over the same axial extent. The helical CT
scan was reconstructed by filtered back projection to
match the PET scan.

CT images were used to produce attenuation
correction values for the PET images. PET images were
reconstructed using four iterative and eight subiteric
reconstructions.
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BF-FDG PET/CT analysis

YF-FDG PET/CT images were visually
interpreted by experienced nuclear medicine
physicians in conjunction with radiologists. The
8F-FDG PET images and CT images of PET/CT were
jointly interpreted using image fusion workstation
and a final consensus was reached for all patients.
Abnormal uptake was defined as any focus of
increased uptake greater than surrounding normal
tissue or maximum of standardized uptake value
(maxSUV) was > 3.0. ®F-FDG uptake was compared
with the anatomic findings on CT. Area of physiologic
increased "F-FDG uptake corresponding to normal
structures were not recorded. Abnormally increased
8F-FDG uptake corresponding to a CT abnormality
were interpreted as positive. In addition, focally
abnormal increased '"*F-FDG that did not correspond
to structural finding was defined as positive.
Suggestive abnormal findings on CT without abnormal
increased '®F-FDG uptake were defined as negative.

The "®F-FDG PET/CT results were correlated
with patient follow-up information, which included the
results from histologic examination of surgical
specimens, subsequent imaging modalities such as
neck ultrasound, CT of neck and chest and TgAb
levels. The findings were classified as follow.

True-positive lesions: if positive findings on
BE-FDG PET/CT were confirmed by the presence of
thyroid carcinoma on histologic examination or were
confirmed by persistent abnormal or increasing
antithyroglobulin levels corresponding with abnormal
in other imaging modality.

False-positive lesions: if biopsy sample of
suggestive lesions were negative for carcinoma on
histologic examination or the other images modality
showed stable status or resolved on subsequent
follow-up.

True-negative lesions: if negative *F-FDG
PET/CT results and patients had decreased TgAb levels
without any treatment with other imaging modalities
such as CT chest, neck, and bone scan show negative
results.

False-negative lesions: if negative '"F-FDG
PET/CT results but patients had metastatic thyroid
cancer on pathologic examination or progression was
seen on other imaging modalities with persistent
abnormal TgAb.

Statistical analysis
Sensitivity, specificity, accuracy were
calculated for "*F-FDG PET/CT for all patients.
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Additional receiver operating characteristic (ROC)
analyses were performed to evaluate the cut off
point for serum TgAb that caused true positive
result analyses on "*F-FDG PET/CT and cut off SUV
(standard uptake value) that represent recurrent or
metastasis thyroid carcinoma. All statistical were
calculated with SPSS version 17.0.

Ethics review

The present study protocol was approved
by the Ethics Committee of the Faculty of Medicine,
Chulalongkorn University, Bangkok, Thailand.

Results

In 22 patients, findings of *F-FDG PET/CT
were positive in 12 patients (54.5%) and negative in
10 patients (45.5%). *F-FDG PET/CT findings were
true-positive in six of 12 patients. All of true-positive
patients were confirmed by histologic examination of
surgical biopsy specimens. In the true positive group,
six patients had local recurrences or lymph node
metastases at the neck and two of them had both
local and distant metastasis (Fig. 1).

The findings of *F-FDG PET/CT were false-
positive in six patients. Two patients were histologicaly
confirmed as negative for malignancy and one patient
had an inconclusive pathological report but follow-up
imaging ultrasound and CT of neck showed no
progression of disease. The remaining three patients
showed decreased serum TgAb and no progression of
disease on follow-up imaging.

The finding of "*F-FDG PET/CT were true-
negative in all 10 patients with negative PET/CT
findings. Two patients were pathologically confirmed
as negative for malignancy. On follow-up, six patients
had negative imaging such as ultrasound, CT, bone
scan and two patients had decreasing or negative
levels of TgAb during follow-up. No false-negative
patient was demonstrable on the present study.

Discussion

YF-FDG PET/CT is considered in DTC
patients who have elevated serum thyroglobulin but
BIT WBS showed negative results. The presence of
TgAb, even in low concentration may cause Tg
underestimation®. Persistently elevated TgAb levels
appear to serve as a useful marker for recurrent or
persistent DTC in patients with undetectable serum Tg
results®. In the present study, the authors would like
to explore the utility of "*F-FDG PET/CT for detecting
and localizing recurrent or metastatic lesions in DTC

J Med Assoc Thai Vol. 94 No. 10 2011



Fig.1 A 47-years-old woman with history of papillary
thyroid carcinoma presented with thyroglobulin
level of < 0.1 ng/ml (TSH suppressed),
antithyroglobulin level of 462.3 IU/ml and negative
findings on “'T WBS (A). “F-FDG PET/CT (B)
demonstrated two hypermetabolic nodes at the
left supraclavicular (C) and high mediastinum (D).
The histology of these two hypermetabolic nodes
were subsequently proven to be metastatic nodes
from thyroid cancer

patients who had negative *'1 WBS scan, negative
Tg levels but elevated TgAb levels. The overall
sensitivity, specificity, and accuracy were 100%,
62.5%, and 72.7%, respectively.

The sensitivity in the present study may be
over estimated due to the small population. No false
negatives were detected. A future large population
study should be carried out for sensitivity.

Specificity of the present study was lower
than the median in literature review reported in DTC
patients who had elevated serum thyroglobulin but
BT WBS showed negative results (median specificity
78%)"3. The low specificity may be related to ability of
Tg levels to represent persistent or recurrent DTC at
higher specificity than TgAb level.

Receiver operating characteristic (ROC)
analyses were performed to evaluate the appropriated
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cut off point of TgAb levels for sending the patient to
perform "*F-FDG PET/CT imaging (prefer true positive
result).

The ROC analysis (Fig. 2 and Table 2) shows
TgAb levels, which are appropriated for sending
DTC patients with *'T WBS negatives, negative Tg
measurements but presenting with high serum TgAb
level to perform ®F-FDG PET/CT imaging should be
more than or equal to 414.6 IU/ml. In additionally, the
authors searched for optimal maxSUV cut off at region
of interest (ROI) which is highest sensitivity to detect
recurrent or metastasis DTC.

From the ROC analysis (Fig. 3, Table 3) shows,
BE-FDG PET/CT is an excellent test for separating
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Fig.2  ROC curve of TgAb and true-positive result from

F-FDG PET/CT

Table 2. Coordinates of the curve

Positive if greater than Sensitivity 1-Specificity
or equal to (IU/ml)
352.900 1.000 0.750
414.600 1.000 0.688
461.150 0.833 0.688
541.050 0.677 0.688
Test result variable(s): TgAb
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disease (area under ROC curve 0.953) with optimal
maxSUV cut off is equal or greater than 4.5, which is
high sensitivity (100%) and specificity (87.5%).

Conclusion

The authors’ result showed that *F-FDG
PET/CT can be used to detect recurrent or metastases
in DTC patients, who had negative *'l WBS and Tg
measurement but elevated serum TgAb levels. The
authors recommend its use in cases where serum TgAb
level is equal or higher than 414.6 IU/ml. It should be
considered positive if maxSUV value is equal or
greater than 4.5.
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Fig.3  ROC curve of SUV and true-positive result from

F-FDG PET/CT

Table 3. Coordinates of the curve

Positive if greater than Sensitivity 1-Specificity
or equal to (IU/ml)

4.150 1.000 0.188
4.500 1.000 0.125
4.650 0.833 0.063
4.900 0.677 0.063

Test result variable(s): max SUV
SUV = standard uptake value

1242

Acknowledgment

The authors wish to thank Dr. Nitra
Piyavisetpat and Dr. Numphung Numkarunarunrote in
the CT image interpretation.

Potential conflicts of interest

This work was supported by a Ratchadapisek-
sompotch Grant, Faculty of Medicine, Chulalongkorn
University.

References

1. Schlumberger MJ. Diagnostic follow-up of well-
differentiated thyroid carcinoma: historical
perspective and current status. J Endocrinol
Invest 1999; 22: 3-7.

2. Mazzaferri EL, Kloos RT. Using recombinant
human TSH in the management of well-
differentiated thyroid cancer: current strategies
and future directions. Thyroid 2000; 10: 767-78.

3. Herle AJ, Uller RP. Elevated serum thyroglobulin.
A marker of metastases in differentiated thyroid
carcinomas. J Clin Invest 1975; 56:272-7.

4. Black EG, Cassoni A, Gimlette TM, Harmer CL,
Maisey MN, Oates GD, et al. Serum thyroglobulin
in thyroid cancer. Lancet 1981; 2: 443-5.

5. Mariotti S, Cupini C, Giani C, Lari R, Rolleri E,
Falco A, et al. Evaluation of a solid-phase
immunoradiometric assay (IRMA) for serum
thyroglobulin: effect of anti-thyroglobulin
autoantibody. Clin Chim Acta 1982; 123: 347-55.

6. Feldt-Rasmussen U, Schlumberger M. European
interlaboratory comparison of serum thyroglobulin
measurement. ] Endocrinol Invest 1988; 11: 175-81.

7. Spencer CA, Takeuchi M, Kazarosyan M,
Wang CC, Guttler RB, Singer PA, et al. Serum
thyroglobulin autoantibodies: prevalence,
influence on serum thyroglobulin measurement,
and prognostic significance in patients with
differentiated thyroid carcinoma. J Clin
Endocrinol Metab 1998; 83: 1121-7.

8 ChungJK, Park YJ,Kim TY, So Y, Kim SK, Park DJ,
et al. Clinical significance of elevated level of
serum antithyroglobulin antibody in patients with
differentiated thyroid cancer after thyroid
ablation. Clin Endocrinol (Oxf) 2002; 57: 215-21.

9. Gorges R, Maniecki M, Jentzen W, Sheu SN,
Mann K, Bockisch A, et al. Development and
clinical impact of thyroglobulin antibodies in
patients with differentiated thyroid carcinoma
during the first 3 years after thyroidectomy. Eur J
Endocrinol 2005; 153: 49-55.

J Med Assoc Thai Vol. 94 No. 10 2011



10. ChunglJK, SoY, LeeJS, Choi CW, Lim SM, Lee DS,

11

et al. Value of FDG PET in papillary thyroid
carcinoma with negative 1311 whole-body scan.
JNucl Med 1999; 40: 986-92.

Choi MY, Chung JK, Lee HY, So'Y, Park do J, Jeong
IM, et al. The clinical impact of 18F-FDG PET in
papillary thyroid carcinoma with a negative 1311
whole body scan: a single-center study of 108
patients. Ann Nucl Med 2006; 20: 547-52.

J Med Assoc Thai Vol. 94 No. 10 2011

12.

13.

Shammas A, Degirmenci B, Mountz JM, McCook
BM, Branstetter B, Bencherif B, et al. 18F-FDG
PET/CT in patients with suspected recurrent or
metastatic well-differentiated thyroid cancer. J
Nucl Med 2007; 48:221-6.

Hall NC, Kloos RT. PET imaging in differentiated
thyroid cancer: where does it fit and how do
we use it? Arq Bras Endocrinol Metabol 2007; 51:
793-805.

1243



meAnmlsslaguaainisasaaunn/@n (°F-FDG PET/CT) °luqusmzrt,?\1'lm@£lm:zrﬁm well
differentiated ‘mJﬁ‘ ALl antithyroglobulin antibody YuLaaﬂmmenm

a

AlaEA NUNWTS, STWIY AASAUS, AANTNT INWNIAR, ARSS ASAIAINTY, 59TTE TeIMUSAY

2y

Sagulszaca e iaszlumives “FFDG PET/CT lunsfamunmisinggienzfalnsesnaia wel
differentiated ARHANIAUNLIATNMEMIEANINATFed laTaRu-131 UAZsEAY thyroglobulin luAEeatng
unils= antithyroglobulin antibody luaengadiniing %ﬁﬂwftymﬁwuZﬁ”u'ﬂE/meﬁmqmv"m”zyium?ﬁmﬁu%
Tun9snm

Sapuazianis: maAnmillansevi lugtasnzsilnsessailn well differentiated 1wy 22 918 Adnans
AUNUAINNIEmIEA AT e TaRu-131 UAZs=AY thyroglobulin TuiAeatinFuadiz=At antithyroglobulin
antibody luiaengediniing (ﬁ@ﬁim”ummnm'ﬁ 200 1U/ml) ;ﬂ'cm%?myﬁ‘“ummm PET/CT Guvilaganans
NATRA PF-FDG (0.14 mCikg) BMvARAREAFMAIaINIHL 60 U7 Nﬂomﬂmiumimﬂmwmmmm
PET/CT lnsnawann CT %mmanmmeﬂmwmmﬂ7w7ﬁmnmy@\mz¢'umw mﬁmmmwimvmmzﬂ
Lﬂiﬁmmﬂmw@mmmmmmnummuma Ui N1SAARINNTINIAIENIIATIANNFIRTTATEUAL
mmmmwmgﬂm

WANTFANS: rj;ﬂ'qz/mé“ﬂm@miﬂﬁm well differentiated 97421 22 318 f:/@nvsﬁnmwmlﬁﬁgﬂﬁm"mu
12 3981 fnan19m9a "°F-FDG PET/CT lueauon (WUAINEALING) Z‘ma?wjﬂwn@ﬁﬁ@"mu 6 e Ty
NALINATY UAazAn 6 718 LTukALINIiA zv'oun@ilglyﬂ'qs/ﬁmnwmm@ “FFDG PET/CT lumaay (luwy
AMNARALING) A1 10 718 wiawiaumhusaanasalng luwssaauasluandsei aawls ANy
UAZAINUNUEN 999n15A598 °F-FDG PET/CT TuauAsuilae seeay 100, sa8Rz 62.5 uazsaEAy 72.7
AANAIFY AINNTaAzAaens I ROC WUaT 7o m/ antithyroglobulin antibody Amuneanlunisiiansan
zv'myﬂ'qmmunwmm ®F_FDG PET/CT A x1nnaviamiriy 414.6 1U/mil Ua=wuasiumuignt max
SUV annavidemni 4.5 ’%’JJf@ﬂ’)2‘)@\7‘1/1@::47_7%517LLMUO%@J?)Q?JJN@7JHEJW1IH7ﬁ‘ﬂﬁﬂtﬁ%if’? WTe N19NITAE
saguziialnsesaiin well differentiated

dg1l: n1mea “F-FDG PET/CT shuiitlselomulugtiaszifalnsanmailn well differentiated fiduanIzaun
yirsanienasaanduiod lalamuuasssA thyroglobulin luideatnAunfissAt antithyroglobulin antibody
lwiaengeining sialunsmsunsenisnauuTuianimnsrataelsn Tngsesy antithyroglobulin
antibody YuLﬁmﬁmmmﬂum?ﬁfvwmmwyﬂﬁﬂmfumimm “EFDG PET/CT Aaxnnatviemiriy

414.6 IU/mi

1244 J Med Assoc Thai Vol. 94 No. 10 2011




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /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 true
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


