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Abstract

Introduction: The purpose of this study is to evaluate the possible predictors of thyroid disorders after neck
radiotherapy, with a focus on radiation dose-volume factors.

Methods: Thyroid function was measured in 100 patients who had received radiotherapy to the neck, including
the thyroid. All radiation-induced thyroid dysfunctions were determined with an endpoint of abnormal thyroid
stimulating hormone (TSH), free triiodothyronine (fT3) and thyroxine (fT4) and thyroid peroxidase antibodies and
(TPA). The total volume of the thyroid, mean radiation dose to the thyroid (Dmean) and thyroid volume percentage
that received radiation doses of 10–50 Gy (V10-V50) were calculated in all patients. The evaluated risk factors for
thyroid dysfunction included dose-volume parameters, sex, age, previous surgery, chemotherapy and comorbidity.

Results: There were 52 patients with hypothyroidism and V30 (p = 0.03), thyroid volume (p = 0.01) and Dmean
(p = 0.03) appeared to be correlated with hypothyroidism in univariate analysis. However, there was not association
found in multivariate analysis for these factors.

Conclusions: Thyroid disorders after radiation therapy to the neck still represent a clinically underestimated
problem. V30 may be a useful tool for evaluating the risk of hypothyroidism when determining an individual
patient’s treatment.
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Background
The thyroid gland is one the most radiosensitive normal
tissues in the human body. It is frequently affected by
radiotherapy in head and neck patients, and thyroid dys-
functions are commonly seen following irradiation [1,2].
The incidence of radiation-induced hypothyroidism has
been described mostly within the range of 20–30% and
the reports are currently increasing in literature [1-25].
Nonetheless, it still remains an underestimated problem
in routine clinical practice [3-5]. Some dosimetric stu-
dies exploring radiation-induced thyroid dysfunction
have suggested that a thyroid dose of ≥30 Gy is as-
sociated with higher risk for hypothyroidism [1,4,6,7].
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However, Kim et al. [8] found that the percentage of
thyroid volume absorbing >45 Gy was observed to be
the optimal variable for predicting the development of
hypothyroidism, and they suggested a V45 of 50% as a
possible dose-volumetric threshold for radiation-induced
hypothyroidism.
In this study, we aimed to evaluate the incidence of

thyroid dysfunction following radiotherapy and to ex-
plore any potential correlation between thyroid dysfunc-
tion and radiation doses in our patients.
Methods
This study was approved by the Ethical Committee of
Marmara University School of Medicine. Between May
2005 and March 2010, 106 patients who had histologi-
cally proven non-thyroid malignancies located in the
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head and neck region who were treated in our center
were recruited for the analysis. The patients who had
existing thyroid dysfunction (n = 6) before radiotherapy
were excluded from the analysis. There were 30 patients
who had surgery to primary tumor and/or neck before
radiotherapy. All patients were irradiated at the primary
site and the neck and were regularly followed after
radiotherapy. The patients and treatment characteristics
are summarized in Table 1.
Radiotherapy
All patients underwent our center’s routine procedure for
head and neck tumor patients. The patients first under-
went a simulation using immobilization with a thermo-
plastic mask to ensure a reproducible set-up. The patients
then underwent a treatment-planning computed tomo-
graphy (CT) scan with images obtained at 3- to 5-mm
slice intervals. The data were transferred to the planning
system and 3-D treatment planning using Eclipse (Varian
Medical Systems, Palo Alto, CA, USA) was performed
for all the patients. Either two opposite equally weighted
lateral fields plus one anterior field or anterior-posterior
fields or five fields, were used. Treatment was performed
with photons (6 MV or 18 MV) and/or electrons (6 MeV,
9 MeV to 12 MeV) using a linear accelerator (Saturne 42,
800 series, General Electric, Buc, France). A total median
dose of 60 Gy (range, 36–70 Gy) in 20 to 35 daily fractions
of 1.8 or 2 Gy was delivered to the target.
Table 1 Characteristics of the study group

Characteristics n

Gender

Female 32

Male 68

Age (years)

Median 50

Range 17- 82

Tumor site

Nasopharynx 38

Larynx & hypopharynx 35

Oral cavity & oropharynx 15

Lymphoma 12

Chemotherapy

Sequential 30

Taxane 75 mg/m2/21 d and cisplatin 75 mg/m2/21 d

Concomitant 31

Cisplatin 75 mg/m2/21 d

Previous surgery to primary tumor side and/or neck 30

Comorbidity (diabetes and/or hypertension) 17
Dosimetric analysis
Treatment plans from all patients were included in this
study and the thyroid gland was contoured on each indi-
vidual CT-slice by the same Radiation Oncologist (ZA).
The minimum (Dmin), the maximum (Dmax) and the
mean (Dmean) doses the thyroid gland received and the
percentage of thyroid volume receiving 10 Gy (V10), 20
Gy (V20), 30 Gy (V30), 40 Gy (V40) and 50 Gy (V50)
were calculated using dose volume histograms.

Thyroid function assessments
The patients were followed for thyroid functions after the
completion of radiotherapy with periodic thyroid stimu-
lant hormone (TSH), free thyroxin (fT4), free triiodothy-
ronine (fT3) and thyroid peroxidase antibody (TPA) tests.
The first test was obtained at 3 to 6 months after radio-
therapy, with the next test at a six months interval there-
after. All tests were measured in the same laboratory
using electrochemiluminescence methods (Roche Elecsys
2010 immunoassay analyzer, Roche Diagnostics GmbH,
Mannheim, Germany). According to recommendations
from the American Thyroid Association, hypothyroidism
was defined as a TSH value greater than the upper limit of
the normal range. The upper cut off range for TSH that
was used was 4 mIU/L for individuals under 60 years old,
6 mIU/L for those in the 7th decade and 7 for those in the
8th decade [9].

Statistical analysis
Statistical analyses were performed using NCSS 2007 &
PASS 2008 Statistical Software (Utah, USA). For statis-
tical analysis, we evaluated the following variables: thy-
roid absorbed dose, thyroid volume, previous surgery to
the primary tumor or to neck, chemotherapy, comor-
bidity, age, and sex. The relationship between any clin-
ical or treatment parameter and the incidence of thyroid
function disorders were analyzed using the appropriate
chi-square test or Fisher’s exact test for categorical vari-
ables and the nonparametric Mann–Whitney U test for
continuous variables. The median and range were used
to describe all continuous variables. The chi-square test
was used to assess the data for correlations among the
dose-volume parameters. Continuous variables were di-
chotomized at median (range) values. A multivariate was
used (logistic regression analysis with backward variable
selection) and β value were calculated for the variables
that found significant in univariate analysis. P < 0.05
were regarded as significant.

Results
The median follow-up was 47 months (range, 11 to 80
months). There were 52 patients in whom previous thy-
roid function tests had been reached. All thyroid func-
tion test results were in normal range and none of the



Table 3 Clinical and dosemiteric factors in patients with
and without hypothyroidism

Normal Hypothyroidism P

(n = 48) (n = 52)

Median Age (year) 53 48 0.23

Comorbidity 9 8 0.30

Surgery 16 14 0.26

Chemotherapy 32 29 0.22

Gender 0.12

Female 46% 54%

Male 60% 40%

Median (range)

Thyroid volume 31.59 (5.7–99) 14.25 (0.6–69.6) 0.01

Dmin (≥40.1 Gy) 48.1 (0–61.0) 52.1 (0.6–59.7) 0.42

Dmax (≥57.6 Gy) 50 (19.9–75.3) 47.9 (19.4–71.0) 0.49

Dmean (≥47.3 Gy) 44.2 (5.7–67.3) 56.2 (3.8–66.5) 0.03

V10 (≥100%) 75.0 (13–100) 89.1 (9–100) 0.06

V20 (≥100%) 67.5 (7–100) 82.6 (0–100) 0.06

V30 (≥100%) 59.6 (0–100) 78.3 (0–100) 0.03

V40 (≥94%) 45.9 (0–100) 53.6 (0–100) 0.36

V50 (≥44%) 54.8 (0–100) 45.2 (0–100) 0.06
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patients has received a levothyroxine treatment before
radiotherapy. During the follow-up, 52 patients
developed clinical hypothyroidism and they all were
treated with levothyroxine. There were 12 patients who
developed thyroiditis, as determined by thyroid ultra-
sound findings. There were no cases of hypothyroidism
(in which the low level of TSH is associated with low
levels of fT3 and/or fT4) or hyperthyroidism (in which
the high level of TSH is associated with high levels of
fT3 and/or fT4) related to pituitary gland dysfunction.
The patients’ distribution in numbers according to the
time that hypothyroidism was detected is shown in
Table 2. In summary, the incidence of first diagnosis of
hypothyroidism was highest in the first year, especially
in the second 6th month period.
The univariate analysis for clinical and dosimetric pa-

rameters are shown in Table 3. There were no correlations
observed between the incidence of hypothyroidism and
the patients’ comorbidity, previous surgery, chemotherapy,
age and gender. Additionally, there were no significant
relationships observed between Dmax or Dmin and hy-
pothyroidism. However, Dmean (p = 0.03), the thyroid vo-
lume (31.59 cc vs. 14.25 cc; p = 0.01) and the analysis of
irradiated thyroid volume threshold showed that having
whole of thyroid volume irradiated to 30 Gy was
a statistically significant predictor for hypothyroidism
(p = 0.03). Meanwhile, V10, V20, V40 or V50 were not
found to be associated with higher risks of thyroid dis-
order. In multivariate analysis there was no correlation
found for significant parameters of Vmean (p = 0.627,
β = −0.102), thyroid volume (p = 0.06, β = −0.188) or V30
(p = 0.07, β = 0.181).

Discussions
The thresholds for direct thyroid radiation damage are
not clear. Investigators have previously reported that the
Table 2 The number of patients developed
hypothyroidism according to month intervals

Interval (months) Number of patients

2-6 10

7-12 13

13-18 2

19-24 5

25-30 7

31-36 6

37-42 2

43-48 3

49-54 1

55-60 2

61-66 1

67-72 1
incidence of hypothyroidism in various series of patients
treated for head and neck cancer varies in a wide range
[1-25]. However, most reports state the incidence to be
between 20% and 53% and the incidence of 52% found in
our study is consistent with these findings. Several dosi-
metric studies about radiotherapy related thyroid dysfunc-
tion and dose volume distribution have been performed in
patients receiving irradiation to the thyroid gland
[5,7,8,10,11]. Yoden et al. [14] reported that the correl-
ation between the percentage of the volume receiving 10
Gy (V10), 20 Gy (V20) and 30 Gy (V30) is a possible pre-
dictor of hypothyroidism. Additionally, Bhandare et al. [5]
reported a possible dose-volume effect on the increase in
the incidence of hypothyroidism, with an increased inci-
dence when 50% of the thyroid volume received greater
radiation doses. Our data showed that V30 was a statisti-
cally significant predictor of the development of hypothy-
roidism (p = 0.03). In our study, the thyoid gland was an
organ at risk in the treatment field instead of being a tar-
get tissue received high doses. There were fewer patients
that the gland received high doses like primary tumor
(≥40 Gy) and this may be the reason the insignificant cor-
relation for V40 and V50.
Jerezeck et al. [4] showed that smaller thyroid volume

was associated with a higher incidence of thyroid toxi-
city, and Diaz et al. [19] also reported similar findings.
Cella et al. [20] developed a multivariate NTCP model
for radiation-induced hypothyroidism including V30 and
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thyroid volume. In our analysis, we found a significant
correlation between thyroid volume and hypothyroidism
(p = 0.01). This correlation may be explained by previous
surgical procedure. The incidence of hypothyroidism in-
duced by radiotherapy depends on the type of surgical
procedure and is high in patients in whom hemithyroi-
dectomy was performed as a part of surgery. Biel et al.
[23] showed that the incidence of hypothyroidism in
groups of only surgery, radiotherapy and radiotherapy
after surgery patients was 47%, 23% and 70%, respectively.
These data have been validated by other authors [6,14,25].
The effect of age on hypothyroidism after radiotherapy

is not clear. Hancock et al. [1] showed that there is a re-
lationship between hypothyroidism and age. Previous
studies by Posner [21] and Hancock [1] showed that
female patients had an increased risk for hypothyroidism
after radiotherapy. Vrabec et al. [22] observed that
female patients had smaller thyroid reserve. However,
there are some studies that have shown that there is no
correlation between sex and hypothyroidism [18]. We
did not find any correlation between sex and thyroid
function disorder after radiotherapy in our study. We
did not find any correlation between chemotherapy and
comorbidity, either.
Radiation-induced hypothyroidism develops after a

median interval of 1–1.8 years [21-23]. In our study,
hypothyroidism developed 7–24 months after the com-
pletion of treatment (Table 2). Therefore, it may be
recommended to perform a regular TSH level test from
6th months follow-up after radiotherapy.
In conclusion, the clinical and dosimetric predictors of

radiation induced thyroid disorders are not typically dis-
tinguished. We found a significant association between
the development of hypothyroidism and the V30. There-
fore, the V30 may be useful in comparing competing
treatment plans to evaluate the risk of hypothyroidism
when designing individual patients’ treatment.

Competing interest
The authors declare that they have no competing interest.

Authors’ contributions
ZA involved in the conception and design of the study; acquisition, analysis
and interpretation of data; drafting the manuscript and revising it critically
for important intellectual content; and giving final approval of the version to
be published. BMA involved in the conception and design of the study;
acquisition, analysis and interpretation of data; drafting the manuscript and
revising it critically for important intellectual content; and giving final
approval of the version to be published. ZO involved in the conception and
design of the study, the acquisition, analysis and interpretation of data,
revising the manuscript critically for important intellectual content and
giving final approval of the version to be published. DY involved in the
analysis and interpretation of data, revising the manuscript critically for
important intellectual content; and giving final approval of the version to be
published. BG involved in the analysis and interpretation of data, revising the
manuscript critically for important intellectual content giving final approval
of the version to be published. MS involved in the analysis and
interpretation of data, revising the manuscript critically for important
intellectual content and giving final approval of the version to be published.
UA involved in the conception and design of the study, revising the
manuscript critically for important intellectual content and giving final
approval of the version to be published. All authors read and approved the
final manuscript.

Author details
1Department of Radiation Oncology, Bezmi Alem Vakif University Medical
School, Adnan Menderes Bulvari, 34093 Istanbul, Fatih, Turkey. 2Department
of Radiation Oncology, School of Medicine, Marmara University, Istanbul,
Turkey. 3Neolife Cancer Center Radiation Oncology Clinic, Istanbul, Turkey.
4Department of Internal Medicine Division of Endocrinology, School of
Medicine, Marmara University, Istanbul, Turkey. 5Department of General
Surgery, School of Medicine, Marmara University, Istanbul, Turkey. 6Acibadem
University Kozyatagi Hospital Radiation Oncology Clinic, Istanbul, Turkey.

Received: 7 January 2014 Accepted: 27 April 2014
Published: 2 May 2014
References
1. Hancock SL, McDougall IR, Constine LS: Thyroid abnormalities after

therapeutic external radiation. Int J Radiat Oncol Biol Phys 1995,
30:1165–1170.

2. Sinard RJ, Tobin EJ, Mazzaferri EL, Hodgson SE, Young DC, Kunz AL,
Malhotra PS, Fritz MA, Schuller DE: Hypothyroidism after treatment for
nonthyroid head and neck cancer. Arch Otolaryngol Head Neck Surg 2000,
126:652–657.

3. Rønjom MF1, Brink C, Bentzen SM, Hegedüs L, Overgaard J, Johansen J:
Hypothyroidism after primary radiotherapy for head and neck squamous
cell carcinoma: normal tissue complication probability modeling with
latent time correction. Radiother Oncol 2013, 109:317–322.

4. Jereczek-Fossa BA, Alterio D, Jassem J, Gibelli B, Tradati N, Orecchia R:
Radiotherapy induced thyroid disorders. Cancer Tr Rew 2004, 30:369–384.

5. Bhandare N, Kennedy L, Malpaya RS, Morris CG, Mendelhall WM: Primary
and central hypothyroidism after radiotherapy for head and neck
tumors. Int J Radiat Oncol Biol Phys 2007, 68:1131–1139.

6. Weissler MC, Berry BW: Thyroid-stimulating hormone levels after
radiotherapy and combined therapy for head and neck cancer.
Head Neck 1991, 13:420–423.

7. Kumpulainen EJ, Hirvikoski PP, Viraniemi JA, Johansson RT, Simonen PM,
Terävä MT, Asikainen RJ, Nykänen KJ, Kosma V: Hypothyroidism after
radiotherapy for laryngeal cancer. Radiother Oncol 2000, 57:97–101.

8. Kim MY, Yu T, Wu HG: Dose-volumetric Parameters for Predicting
Hypothyroidism after Radiotherapy for Head and Neck Cancer.
Jpn J Clin Oncol 2014, 44:331–337.

9. van der Watt G, Haarburger D, Berman P: Euthyroid patient with elevated
serum free thyroxine. Clin Chem 2008, 54(7):1239–1241.

10. Bonato CC, Dias HB, Alves Mda S, Duarte LO, Dias TM, Dalenogare MO,
Viegas CC, Elnecave RH: In vivo dosimetry of thyroid doses from different
irradiated sites in children and adolescents: a cross-sectional study.
Radiat Oncol 2014, doi:10.1186/1748-717X-9-40.

11. Cella L, Conson M, Caterino M, De Rosa N, Liuzzi R, Picardi M, Grimaldi F,
Solla R, Farella A, Salvatore M, Pacelli R: Thyroid V30 predicts radiation-
induced hypothyroidism in patients treated with sequential chemo-
radiotherapy for Hodgkin’s lymphoma. Int J Radiat Oncol Biol Phys 2012,
82(5):1802–1808.

12. Boomsa MJ, Bijl HP, Langendijk JA: Radiation-induced hypothyroidism in
head and neck cancer patients: a systematic review. Radiat Oncol 2011,
99(1):1–5.

13. Melmed S: Williams Textbook of Endocrinology (12th ed.), Volume 53.
12th edition. Philadelphia: Elsevier/Saunders.p.355 Children with Hodgkin’s
disease. Cancer; 1984:878–83.

14. Yoden E, Soejima T, Maruta T, Demizu Y, Nishimura H, Ejima Y, Sasaki R,
Yamada K, Sugimura K: Hypothyroidism after radiotherapy to the neck.
Nihon Igaku Hoshasen Gakkai Zasshi 2004, 64(3):146–150.

15. DeGroot LJ: Radiation and thyroid disease. Bailliere Clin Endocrinol
Metabol 1988, 2:777–791.

16. Kim YH, Fayos JV, Sisson JC: Thyroid function following neck irradiation
for malignant lymphoma. Radiology 1980, 134:205–208.

17. Dobbs JH: Thyroid damage after treatment of Hodgkin’s disease.
Clin Oncol 1983, 9:51–56.



Akgun et al. Radiation Oncology 2014, 9:104 Page 5 of 5
http://www.ro-journal.com/content/9/1/104
18. Vogelius IR1, Bentzen SM, Maraldo MV, Petersen PM, Specht L: Risk factors
for radiation induced hypothyroidism:a literature-based meta-analysis.
Cancer 2011, 117(23):5250–5260.

19. Diaz R, Jaboin JJ, Morales-Paliza M, Koehler E, Phillips JG, Stinson S, Gilbert J,
Chung CH, Murphy BA, Yarbrough WG, Murphy PB, Shyr Y, Cmelak AJ:
Hypothyroidism as a consequence of intensity modulated radiotherapy
with concurrent taxane- based chemotherapy for locally advanced
head-and-neck cancer. Int J Radiat Oncol Biol Phys 2010, 77(2):468–476.

20. Cella L, Liuzzi R, Conson M, D'Avino V, Salvatore M, Pacelli R: Development
of multivariate NTCP models for radiation-induced hypothyroidism:
a comparative analysis. Radiat Oncol 2012, 7:224.

21. Posner MR, Ervin TJ, Miller D, Fabian RL, Norris CM Jr, Weichselbaum RR,
Rose C: Incidence of hypothyroidism following multimodality treatment
for advanced squamous call cancer of the head and neck.
Laryngoscope 1984, 94:451–454.

22. Vrabec DP, Heffron TJ: Hypothyroidism following treatment for head and
neck cancer. Ann Otol Rhinol Laryngol 1981, 90:449–453.

23. Biel MA, Maisel RH: Indications for performing hemithyroidectomy for
tumours requiring total laryngectomy. Arch Otolaryngol Head Neck
Surg 1985, 150:435–439.

24. Murthy V, Narang K, Ghosh-Laskar S, Gupta T, Budrukkar A, Agrawal JP:
Hypothyroidism after 3-dimensional conformal radiotherapy and
intensity modulated radiotherapy for head and neck cancers:
Prospective data from two randomized controlled trials. Head Neck 2013,
doi:10.1002/hed.23482.

25. Thorp MA, Levitt NS, Mortimore S, Isaacs S: Parathyroid and thyroid
function five years after treatment of laryngeal and hypopharyngeal
carcinoma. Clin Otolaryngol 1999, 24:104–108.

doi:10.1186/1748-717X-9-104
Cite this article as: Akgun et al.: V30 as a predictor for radiation-induced
hypothyroidism: a dosimetric analysis in patients who received
radiotherapy to the neck. Radiation Oncology 2014 9:104.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Background
	Methods
	Radiotherapy
	Dosimetric analysis
	Thyroid function assessments
	Statistical analysis

	Results
	Discussions
	Competing interest
	Authors’ contributions
	Author details
	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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


