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ABSTRACT

Background. We evaluated the heterogeneity of primary

tumor volume (PTV) within tumors of the same pT4a-

staged tongue carcinoma and to elucidate the effects of

PTV on treatment outcomes in patients with pT4a-staged

tongue carcinoma.

Methods. Fifty-eight patients with newly diagnosed pT4a-

staged tongue carcinoma who received surgery were

enrolled onto this study. Magnetic resonance imaging–

derived PTV was measured by the summation-of-area

technique.

Results. The mean PTV was 24.55 ml, with a range of

5.32 to 119.64 ml. The receiver operating characteristic

curve was applied, and the optimal cutoff volume was

23 ml. Large PTV was associated with a significantly poor

disease-specific survival (P = 0.010) by the log rank test.

The Cox regression model also revealed that large PTV

(P = 0.026) and positive lymphatic node metastasis

(P = 0.004) were statistically significant in the prognosis

of T4a-staged tongue carcinoma.

Conclusions. A substantial variation of PTV was present

within the same pT4a-staged tongue carcinoma, and PTV

represented an important prognostic factor. In the light of

these findings, we suggest that taking the PTV into account

in pT4a-staged tongue carcinoma would better refine the

newest revised T classification, and the treatment strategies

may be different.

Oral cancer is preponderant in Taiwan, with annual inci-

dence rates of 37 per 100,000 for men. It also is ranked as the

fourth leading cause of cancer death among men according to

a 2005 cancer registry report.1 Regarding anatomic sites,

tongue cancer is most common in Taiwan. As is the case for

other malignancies, the staging system keeps changing and

the identification of risk factors continues to develop for

predicting the prognosis of patients and selecting appropriate

treatment modalities. The most widely used system is the

American joint Committee of Cancer (AJCC) staging sys-

tem.2 Compared with other subsites of oral cancers, tongue

cancer has some unique characteristics, as follows. The

tongue consists of intrinsic and extrinsic muscular structures,

so there is no strong barrier to stop the tumor from spreading.

In addition, when compared to other head and neck anatomic

site, the vascular and lymphatic systems of tongue are well

developed, and thus the rate of cervical lymph node metas-

tasis is high.3 Because of the unique anatomic structure of the

tongue, there is much debate about the conventional T-stage

classification that considers lesion size only. Since 1997, the

AJCC has revised the T classification by incorporating

extrinsic muscle invasion.2 However, the debates continue;

for example, some authors have suggested that the depth of

invasion was associated with neck metastasis and affected

nodal upstaging in tongue cancer or head and neck cancer.4–6

Studies have shown that tumor volumes predicted local

control of head and neck cancers. Large tumors were more

likely to recur than small tumors in the same location.
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Threshold volumes for oropharyngeal, laryngeal, and pyr-

iform sinus carcinomas have been published.7–9 In

nasopharyngeal carcinoma, the impact of primary tumor

volume has been well established by our team.10–15 To our

knowledge, for the head and neck region, no literature has

been published about the primary tumor volume for tongue

cancer. Although such disease is resectable, clinicians

commonly agree that the prognosis is poor in pT4a-staged

tongue carcinoma, despite currently aggressive treatment.

However, to our knowledge, the relationship between pri-

mary tumor volume and treatment outcome within the

same pT4a-staged tongue carcinoma, which has the poorest

prognosis, has never been studied.

The aims of this study were to evaluate the variability of

primary tumor volume within the pT4a-staged tongue car-

cinoma and to elucidate the impact of primary tumor volume

on the prognosis of patients with pT4a-staged tongue carci-

noma after surgery and adjuvant therapy. The results may

provide empiric evidence for refining both the tumor, node,

metastasis system staging system and the clinical manage-

ment of patients with pT4a-staged oral tongue carcinoma.

PATIENTS AND METHODS

Patient Selection

A sequential and prospectively maintained head and neck

cancer database was retrospectively searched for newly

diagnosed tongue carcinoma treated with surgery between

2003 and 2006. An institutional review board approved this

study. During this 4-year period, 169 patients with newly

diagnosed tongue cancer treated in our tertiary referral med-

ical center and 153 patients (90.5%) who underwent surgery

with or without adjuvant chemoradiotherapy had complete

data available for analysis. The inclusion criteria were as

follows: primary oral tongue cancer; pathologically proven

T4a(pT4a)-staged squamous cell carcinoma with preopera-

tive magnetic resonance imaging (MRI); and accepted

primary tumor wide excision with neck dissection in our

medical center with definitely pathologic T and N classifica-

tion. The exclusion criteria were as follows: presence of

distant metastasis at the time of presentation (3 patients);

artifacts on MRI that resulted in difficulty with delineating

tumor contours (1 patient); and loss to follow-up (1 patient).

Fifty-eight patients were eligible for analysis; 49 received

postoperative radiotherapy and 32 received adjuvant chemo-

therapy. The end of follow-up was November 30, 2009.

Tumor Volume Measurement

All patients in this study underwent pretreatment MRI.

The MRI was performed on a 1.5-T magnetic resonance

unit (Magnetom Avanto, Siemens Medical Solution,

Erlangen, Germany). Sequences included axial T1-weigh-

ted images (TR/TE/NEX, 450/20/3; matrix size, 320 9 80;

section thickness, 4 mm), axial T2-weighted images (TR/

TE/NEX, 4520/76/3; matrix size, 384 9 80; section

thickness, 4 mm), axial fat-suppressed T2-weighted

sequence (repetition time [TR]/echo time [TE], 5080 ms/

82 ms; section thickness, 6 mm; matrix size, 320 9 80),

coronal fat-suppressed T2-weighted sequence (TR/TE,

4000 ms/100 ms; section thickness, 4 mm; matrix size,

256 9 90) and contrast-enhanced T1-weighted spin-echo

images with the use of a 320 9 80 matrix in the axial

planes and 320 9 80 matrix in coronal and sagittal planes

after a bolus injection of 0.1 mmol/kg gadopentetate

dimeglumine (Schering, Berlin, Germany). The T1-TE-

axial images with contrast and fat suppression were

selected for tumor volume measurements; the other

sequences were taken to provide for auxiliary diagnosis.

With applied software, each image of T1-TE-axial view

with contrast plus fat suppression was visualized on a

large-screen monitor. User-defined magnification of the

images was possible. For tumor characteristics, clinicians

kept track of the tumor contour manually. The primary

tumor volume was calculated by the summation-of-area

technique, which multiplies the entire areas by the image

reconstruction interval of 4 mm. As was done in our pre-

vious studies and also in a pilot study that focused on 10

patients with tongue cancer, in the current study, one

author (C.M.C.) was the major assessor of tumor volumes

and was assisted by the senior author (M.K.C.).10–15 Thus

two clinicians read the MRIs and kept track of the tumor

contours, and another author (C.M.C.) then calculated the

tumor volume. A radiologist who specialized in head and

neck malignancies participated when the judgments of the

two authors differed; and the tumor contour was assessed

by consensus. One patient was excluded from this study

because of difficulty with delineating tumor contours by

the three clinicians. To reduce bias, assessors of the tumor

volumes were blinded to the patients’ condition.

Statistical Analysis

To segregate the patients into large and small tumor

volume groups, the receiver operating characteristic (ROC)

analysis was applied to determine the optimal cutoff point

value obtained by calculating the sensitivity and specificity

of every observed data value and plotting sensitivity

against 1 - specificity. Neck lymph node metastasis,

pathological grade, lymphovascular invasion, perineural

invasion, status of surgical margin, and cross midline

extension were analyzed by univariate analysis. Disease-

specific survival was the primary outcome variable for this

study. The survival curves were calculated by the Kaplan–

Meier method, and differences were assessed by the log
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rank test. A Cox proportional hazard regression model also

was applied to access the correlations between primary

tumor volume and neck metastasis (with or without adju-

vant chemotherapy and radiotherapy), and the prognosis of

patients after they received therapy while controlling for

age and sex. A P value of B0.05 was considered to be

statistically significant.

RESULTS

A substantial variation in primary tumor volume was

observed within the same T4a-staged disease. The mean

primary tumor volume was 24.55 ml, with a range of 5.32

to 119.64 ml. The ROC curve revealed that the optimal

cutoff volume was 23 ml; the area under the ROC curve

was 68.5% (Fig. 1). Patients were followed from 5 to

80 months, and the mean follow-up time was 28.4 months.

Patient characteristics, neck lymph node status, pathologi-

cal grade, lymphovascular invasion, status of surgical

margin, cross midline extension, follow-up, and the dis-

tribution of primary tumor volume are presented in

Table 1. Only cross midline extension and the mean tumor

volume were statistically associated with larger tumor

volume (P \ 0.05), whereas sex, age, neck lymph node

status, pathological grade, perineural invasion, lympho-

vascular invasion, and status of surgical margin did not

reach statistical significance. However, patients with large

primary tumor volume had higher neck metastasis rate

(68% vs. 44%), although this did not reach the statistical

significance (P = 0.08). Figure 2 shows that after segre-

gating the primary tumor volume into two subgroups

(\23 ml and C23 ml), large primary tumor volume

(C23 ml) was associated with a significantly poorer dis-

ease-specific survival (P = 0.010). The 2-year disease-

specific survival rates were 72% in patients with small

tumor volumes versus 42% in patients with large tumor

volumes within the same pT4a-staged disease. Six patients

had local recurrence, and 5 of them (83.3%) belonged to

the large primary tumor volume. The Cox regression model

revealed that the primary tumor volume (P = 0.026; risk

ratio = 2.68; 95% confidence interval [95% CI],

1.13–6.39) and neck lymph node metastasis (P = 0.003;

risk ratio = 7.13; 95% CI, 1.94–25.18) were statistically

significant in the prognosis of pT4a-staged tongue carci-

noma, whereas pathological grade, postoperative

radiotherapy, and postoperative chemotherapy were not

statistically significant (Table 2).

DISCUSSION

Accurate disease staging of patients with malignancies

is essential to divide patients into prognostic subgroups, to

allow delivery of stage-specific therapies, and to facilitate

meaningful discussions between physicians and patients

regarding management and expected outcomes. The AJCC

T classification of oral tongue carcinoma is mainly based

on tumor size. In 2002, T classification was revised, adding

the presence or absence of extrinsic muscle invasion as

stage T4a.16 In oral cavity cancer, T4a is defined as tumor

invades adjacent structures (e.g., through cortical bone,

into deep [extrinsic] muscle of tongue [genioglossus,

hyoglossus, palatoglossus, and styloglossus]), maxillary

sinus, and skin of face. In this study, we used this T clas-

sification and selected the pT4a-staged patients to be our

target population. Figure 1 shows that large primary tumor

volume was associated with a significantly poorer disease-

specific survival within the same pT4a-staged tongue car-

cinoma. This result revealed that taking the primary tumor

volume into account in T4a-staged tongue carcinoma

would better refine the newest revised T classification.

To investigate the association between the primary

tumor volume and other factors, including sex, age, neck

lymph node status, pathological grade, cross midline

extension, perineural invasion, lymphovascular invasion,

and status of surgical margin, we performed univariate

analysis (Table 1). The results showed that only cross

midline extension reaches statistical significance, while

large tumor volume had the tendency to neck lymph node

metastasis, high pathological grade, and lymphovascular

invasion. Because of our study’s small sample size, we did

not input all variables in the Cox regression model; the

results revealed that primary tumor volume (P = 0.026;

risk ratio = 2.68; 95% CI, 1.13–6.39) and neck lymph

node metastasis (P = 0.003; risk ratio = 7.13; 95% CI,

1.94–25.18) were statistically significant in the prognosis

of pT4a-staged tongue carcinoma. Thus, we suggest that
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FIG. 1 Receiver operating characteristic curve for various cutoff

values of tumor volume (area under curve= 68.5%; optimal cutoff

volume= 23 mL)
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T4a tongue cancer with large primary tumor volume

(C23 ml) and neck metastasis should be treated more

aggressively.

The result of surgery with postoperative chemoradio-

therapy for advanced tongue carcinoma has improved over

the years; however, it still remains unsatisfactory. In this

study, the prognosis of patients with primary tumor

TABLE 1 Characteristics of

58 patients with T4a-staged

tongue carcinoma

Characteristic Primary tumor volume Total patients P

\23 ml C23 ml

No. of patients 36 22 58

Sex, n (%)

Female 4 (11%) 0 (0%) 4 (7%) 0.2868

Male 32 (89%) 22 (100%) 54 (93%)

Age (y) (mean ± SD) 52.27 ± 12.61 48.04 ± 7.65 50.67 ± 11.12 0.1613

Lymph node, n (%)

Negative 20 (56%) 7 (32%) 27 (47%) 0.0787

Positive 16 (44%) 15 (68%) 31 (53%)

Pathological grade, n (%)

Well 5 (14%) 3 (14%) 8 (14%) 0.8877

Moderate 29 (80%) 17 (77%) 46 (79%)

Poorly 2 (6%) 2 (9%) 4 (7%)

Perineural invasion, n (%)

Negative 19 (53%) 13 (59%) 32 (55%) 0.6390

Positive 17 (47%) 9 (41%) 26 (45%)

Lymphovascular invasion, n (%)

Negative 31 (86%) 17 (77%) 48 (55%) 0.3872

Positive 5 (14%) 5 (23%) 10 (45%)

Cross midline, n (%)

Negative 34 (94%) 6 (27%) 40 (69%) \0.001

Positive 2 (7%) 16 (73%) 18 (31%)

Surgical margin, n (%)

Negative 35 (97%) 22 (100%) 57 (98%) 1.000

Positive 1 (3%) 0 (0%) 1 (2%)

Tumor volume (ml) (mean ± SD) 12.57 ± 5.56 44.14 ± 26.76 24.55 ± 2.84 \0.0001

Follow-up time (mo) (mean ± SD) 31.30 ± 18.41 22.04 ± 14.73 27.79 ± 18.45 0.0632
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FIG. 2 Disease-specific survival curves of 58 T4a-staged tongue

carcinoma according to large (C23 mL) and small (\23 mL) tumor

volumes. Within the same T4a-satge, large primary tumor volume was

associated with a significantly poor disease specific survival (P = .0104)

TABLE 2 Cox regression model for prognosis of T4a-staged tongue

carcinoma

Variable RR 95% CI P

Primary tumor volume (ml)

C23 ml vs. \23 ml 2.68 1.13–6.39 0.0261*

Neck node metastasis

Positive vs. negative 6.92 1.86–25.72 0.0039*

Pathological grade 1.25 1.31–5.00 0.7490

Radiotherapy

With vs. without 1.17 0.21–6.85 0.8488

Chemotherapy

With vs. without 1.16 0.25–5.32 0.8521

RR risk ratio for disease-related survival, 95% CI 95% confidence

interval

Adjusted for age and sex

* P \ 0.05
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volumes of [23 ml was poor; the 2-year survival rate was

only 42%. We suggest that the new technique of radio-

therapy, the combination of different regimens of

chemotherapy, and the use of targeted chemotherapy or

immunotherapy may be useful for these patients. Also, for

such patients, postoperative swallowing and phonation

function are affected. The conventional wisdom that sur-

gery is the mainstay of treatment should be challenged.

The current study has some limitations. First, although

we did our best to estimate the tumor volume, the obtained

tumor volume is still not the true tumor volume. Some

error in estimating the tumor volume remains. However,

our previous study revealed that if a single trained observer

estimated the tumor volume, the information bias would be

toward the null.10–15 Thus, in the current study, we delin-

eated the tumor contour by the consensus of two or three

well-trained head and neck oncologists or radiologists, not

independently. However, with the advancement of MRI

and applied software, we believe the tumor volume might

be measured not only manually, but also by well-designed

software in the future; at that future time, we suggest that

two separate clinicians independently review the MRIs, but

not by consensus. In addition, we believe that if there is no

well-trained head and neck oncologist with experience

measuring tumor volume, then the tumor volume mea-

surements should be performed by a radiologist.10–15

Second, in the Cox regression model, because the radio-

therapy dose is high, we neglected the fact that there was a

relatively narrow range of dose, and we did not investigate

the effect of total radiation dose on treatment outcome,

which may obscure the important dose–response effect

addressed by Willner et al.17 Thus, the total dose of

radiotherapy still should be emphasized. Third, some

authors have suggested that the depth of invasion was

associated with neck metastasis and affected nodal

upstaging in tongue cancer or head and neck cancer.4–6 In

this study, we focused on the primary tumor volume only

because we think that the primary tumor volume is three-

dimensional; it should be more meaningful than the con-

ventional measures of tumor length or thickness. Thus, we

did not evaluate the tumor thickness. Last, changes or

revisions of any staging system should ideally be supported

by evidence-based information generated from large

cohorts of patients. Unfortunately, the head and neck

region comprises a variety of anatomic sites, and these

tumors have diverse clinical behavior and outcomes. It is

therefore literally impossible to generate a uniform staging

system that would be relevant for all tumors arising in the

head and neck region. Another effect of this diversity

among head and neck tumors is that patient cohorts

available for outcomes analysis for most sites are limited in

numbers, and on the whole, no level 1 evidence is available

to support important clinical questions.18 In this study, we

faced the same problem. The study was a retrospective one

that searched a sequential and prospectively maintained

head and neck cancer database with a limited number of

patients. Although the treatment modality should follow

our clinical guidelines, as a result of the patients’ perfor-

mance status or compliance, there was still bias in this

study. Thus, we applied a Cox proportional hazard

regression model to access the correlations between tumor

volume, neck metastasis, presence or absence of chemo-

therapy and radiotherapy, pathological grade, and the

prognosis of patients after they received therapy while

controlling for age and sex. If a large patient cohort is

available for meaningful data analysis, a prospective ran-

domized trial should be started in the future.

To our knowledge, this study is the first to describe the

primary tumor volume of oral tongue cancer. Primary

tumor volumes in patients with tongue carcinoma were

heterogeneous within the concurrent pT4a stage. Primary

tumor volume represented an important prognostic factor

for treatment outcome. We suggest that taking the primary

tumor volume into account in pT4a-staged tongue carci-

noma would better refine the newest revised T

classification. Patients with large primary tumor (C23 ml)

had poor prognosis and need more aggressive treatment.

CONFLICT OF INTEREST The authors declare no conflict of

interest.

OPEN ACCESS This article is distributed under the terms of the

Creative Commons Attribution Noncommercial License which per-

mits any noncommercial use, distribution, and reproduction in any

medium, provided the original author(s) and source are credited.

REFERENCES

1. Department of Health. Cancer Registry Annual Report Republic
of China, 2005. Department of Health, The Executive Yuan,

Republic of China, 2008.

2. Fleming ID, Cooper TS, Murphy GP, et al., editors. AJCC Cancer

Staging Manual, 5th ed. Philadelphia: Lippincott-Raven, 1997.

3. Kim SH, Cho NH, Kim K, et al. Correlation of oral tongue cancer

invasion with matrix metalloproteinase and vascular endothelial

growth factor expression. J Surg Oncol. 2002;93:330–7.

4. Fukano H, Matsuura H, Hasegawa Y, Nakamura S. Depth of

invasion as a predictive factor for cervical lymph node metastasis

in tongue carcinoma. Head Neck. 1997;19:205–10.

5. Asakage T, Yokose T, Mukai K, et al. Tumor thickness predicts

cervical metastasis in patients with stage I/II carcinoma of the

tongue. Cancer. 1998;82:1443–8.

6. A lkureishi LW, Ross GL, Shoaib T, et al. Does tumor depth

affect nodal upstaging in squamous cell carcinoma of the head

and neck? Laryngoscope. 2008;118:629–34.

7. Pameijer FA, Mancuso AA, Mendenhall WM, Parsons JT,

Kubilis PS. Can pretreatment computed tomography predict local

control in T3 squamous cell carcinoma of the glottic larynx

treated with definitive radiotherapy? Int J Radiat Oncol Biol
Phys. 1997;37:1011–21.

Tumor Volume of T4a Tongue Carcinoma 1451



8. Johnson CR. Thames HD, Huang DT, Schmidt-Ullrich RK. The

tumor volume and clonogen number relationship: tumor control

predictions based upon tumor volume estimates derived from

computed tomography. Int J Radiat Oncol Biol Phys.
1995;33:281–8.

9. Pameijer FA, Mancuso AA, Mendenhall WM, et al. Evaluation of

pretreatment computed tomography as a predictor of local control

in T1/T2 pyriform sinus carcinoma treated with definitive

radiotherapy. Head Neck. 1998;20:159–68.

10. Chang CC, Chen MK, Liu MT, Wen YS, Wu HK. Primary tumor

volume delineation in nasopharyngeal carcinoma and correlation

with 1997 AJCC T-stage classification. J Otolaryngol.
2001;30:231–4.

11. Chang CC, Chen MK, Liu MT, Wu HK. Nasopharyngeal carci-

noma volume measurements determined with computed

tomography: study of intra-observer and inter-observer variabil-

ity. J Otolaryngol. 2002;31:361–5.

12. Chang CC, Chen MK, Liu MT, Wu HK. The effect of primary

tumor volumes in advanced T-staged nasopharyngeal carcinoma.

Head Neck. 2002;24:940–6.

13. Chen MK, Lee HS, Chang CC. Primary tumor volume: important

predictor of outcome for T3- and T4-staged nasopharyngeal

carcinoma. J Otolaryngol. 2004;33:254–7.

14. Chen Mk, Lee HS, Chang JH, Chang CC. Expression of p53

protein and primary tumor volume in patients with nasopharyn-

geal carcinoma. J Otolaryngol. 2004;33:304–7.

15. Chen Mk, Chen THH, Liu JP, Chang CC, Chie WC. Better

prediction of prognosis for patients with nasopharyngeal carci-

noma using primary tumor volume. Cancer. 2004;100:2160–6.

16. Greene FL, Page DL, Fleming ID, et al., editors. AJCC cancer

staging manual, 6th ed. New York: Springer, 2002.

17. Willner J, Baier K, Pfreundner L, Flentje M. Tumor volume and

local control in primary radiotherapy of nasopharyngeal carci-

noma. Acta Oncologica. 1999;38:1025–30.

18. Patel SG, Shah JP. TNM staging of cancers of the head and neck:

striving for uniformity among diversity. CA Cancer J Clin.
2005;55:242–58.

1452 M.-K. Chen et al.


	Primary Tumor Volume Is an Independent Predictor of Outcome Within pT4a-Staged Tongue Carcinoma
	Abstract
	Background
	Methods
	Results
	Conclusions

	Patients and Methods
	Patient Selection
	Tumor Volume Measurement
	Statistical Analysis

	Results
	Discussion
	Conflict of interest
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /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 true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


