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Abstract

Introduction: Xerostomia is a well-known complication after iodine-131 ('3'l) therapy for thyroid carcinoma. It is currently
insufficiently understood how the dose and biodistribution of 'l relates to salivary gland toxicity, and whether this is consistent
for all salivary glands within a single patient. Prostate-specific membrane antigen (PSMA) positron emission tomography/computed
tomography (PET/CT) was recently introduced as a new tool to evaluate the relative loss of vital acinar cells in individual salivary
glands. We aimed to assess gland-specific salivary gland toxicity after '*'I-therapy using PSMA PET/CT.

Methods: Five patients with differentiated thyroid cancer underwent [*®Ga]Ga-PSMA-| | PET/CT to evaluate their eligibility for
peptide radioligand therapy with ['”’Lu]Lu-PSMA-617. Uptake patterns in salivary glands were evaluated visually and quantitatively
as an indicator of vital acinar cell loss after prior I3II-therapy.

Results: Four of 5 patients demonstrated significant lowered uptake in at least one salivary gland, after receiving at least 2
13}_treatments. Asymmetric loss of vital acinar cells occurred by gland type (parotid/submandibular) and location (right/left). The
other salivary glands in these patients and all salivary glands in the fifth patient showed normal uptake, demonstrating high
intrapatient and interpatient variability.

Conclusions: '*'I-therapy can induce salivary gland toxicity with high inter- but also high intrapatient variation among separate
gland locations, which can be assessed with PSMA PET/CT. This new technique offers potential to guide further development and
evaluation of protective measures in patients receiving ' I-therapy.
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Introduction

Radiation-induced salivary gland toxicity is a well-known issue
in patients who receive radionuclide therapy with iodine-131
("*'1), with a reported prevalence of 16% to 54%.'° 'I is
accumulated in salivary glands due to the presence of the
sodium iodide symporter.”® The locally emitted radiation can
cause damage to the glands, resulting in a dry mouth (ie, xer-
ostomia) or painful inflammation (ie, sialadenitis) along with
significant impact on quality of life.°

Functional loss of the salivary glands is difficult to quantify.
An objective decrease in parotid and/or submandibular gland
function as seen with scintigraphic or sialometric techniques
does not necessarily correlate with the subjective feeling of
xerostomia in patients.>>*® One study® showed in a group of
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45 patients with differentiated thyroid cancer (DTC) who
received '*'I-therapy, only 54% reported xerostomia, of which
86% exhibited loss of function. In addition, while most patients
(67%) with salivary gland dysfunction reported xerostomia,
23% reported no symptoms. This indicates that a complex
interplay of salivary gland functions affects the feeling of a dry
mouth (or the lack thereof) in patients. Different glands con-
tribute to different types of saliva production; for example, the
submandibular glands are mostly used for continuous saliva
production to moisten the mouth throughout the day, whereas
the parotid glands are primarily activated when food is being
ingested.'® The role of minor and mucosal gland locations is
less clearly defined. It is currently insufficiently known how
much damage to which types of glands results in the subjective
feeling of xerostomia. Better quantification of salivary gland
damage after '*'I-therapy and its relation to a dry mouth are
needed to allow further development of protective strategies.

Functional imaging of expression of the prostate-specific
membrane antigen (PSMA) with radiolabeled PSMA ligands
is commonly used for (re)staging of prostate cancer.'' The
PSMA epitope is also abundantly expressed by vital acinar and
ductal cells in salivary glands.'? Therefore, [**Ga]Ga-PSMA-
11 positron emission tomography/computed tomography (PET/
CT) can also be used to visualize and quantify functional sali-
vary gland tissue with very high sensitivity and specificity in
three dimension. Since PSMA-ligand binds only to vital gland
cells, a loss of these cells from radiation damage would result in
a loss of signal on the PET scan. This permits its use as an
objective measure of salivary gland damage.'?

The aim of this study was to visualize and evaluate patterns
of '*'I-therapy induced salivary gland toxicity using PSMA
PET/CT. This would allow a better understanding of the rela-
tion between glandular cell loss and clinical xerostomia and
also provide a means to screen for potential new protective
measures for patients receiving radionuclide therapy.

Methods

Patient Selection

The 5 patients included in this evaluation were diagnosed with
progressive DTC after previous '*'I-treatment. They were
referred for [*3Ga]Ga-PSMA-11 PET/CT on clinical indication
to evaluate their eligibility for peptide radioligand therapy with
['""Lu]Lu-PSMA-617, since PSMA expression in DTC has
been documented before.!> As such, baseline PSMA PET/CT
scan data for this patient group before '*'I-treatments do not
exist. Any comparisons to a normal reference control are based
on well-established data from literature.

Ethics Approval and Consent to Participate

The Medical Research Ethics Committee of University Medi-
cal Center Utrecht waived the need for approval of the study
and the need to obtain informed consent for retrospective eva-
luation of the salivary glands on the acquired PET/CT scans.

Table I. Patient Treatment History.

Treatment history

Patient  Sex & Activity
number Age  Type Year (MBq) Target region
[ M54  '3|_Therapy 2008 7400 -
3! Therapy 2008 7400 -
Radiotherapy 2009 - Cervical spine
'3 Therapy 2009 7400 -
3! Therapy 2011 7400 -
'3 Therapy 2013 7400 -
3! Therapy 2017 7400 -
2 F71  '*'I.Therapy 1996 3700 -
B Therapy 1999 7400 -
3 F43  '*'ITherapy 2013 1100 -
3! Therapy 2014 7400 -
B3 Therapy 2016 7400 -
4 F75 '*I-Therapy 2008 3700 -
3! -Therapy 2011 7400 -
Radiotherapy 2016 - Left neck and
TH4
5 F65 '"*'l'Therapy 1995 148 -
'3 Therapy 2010 5550 -
Radiotherapy 2014 - Right neck and

mediastinum

Prostate-Specific Membrane Antigen PET/CT

[*®Ga]Ga-PSMA-11 was administered intravenously in a dose
of 2 MBqg/kg. Combined PET and CT images were acquired
approximately 60 minutes later, from skull vertex to the thighs
using a TruePoint Biograph mCT40 scanner (Siemens). A low-
dose CT scan was performed using Care Dose 4D and Care kV,
reference parameters: 40 mAs, 120 kV. Positron emission
tomography was acquired according to the European Associa-
tion of Nuclear Medicine recommendations. Salivary gland
uptake on the reconstructed PET scans was evaluated visually
and quantitatively. For standard uptake value (SUV) measure-
ments, the lean body mass corrected values were used. The left
and right parotid and submandibular glands were delineated
and the SUV . within each gland was obtained. The SUV .«
values were compared with a recent study to ascertain if they
were within the normal range for healthy salivary glands.

Results

Patient Characteristics

The characteristics of the 5 patients in this study are detailed in
Table 1. They were diagnosed with metastatic papillary thyroid
carcinoma and had received at least 2 treatments with 1311, the
last of which was given at least one year ago and had resulted in
negative '*'I post-therapy scintigraphy. Thus, the study
assessed long-term damage to salivary glands, inflicted by
cumulative '3'I-treatments. In 2 cases, external beam radio-
therapy (EBRT) has also been applied to a part of the neck.
Since the focus of this study is on salivary gland damage,
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Figure 1. Images from patient |. P indicates parotid gland; S submandibular gland.

further characteristics of the thyroid cancers were considered
beyond the scope of the manuscript.

Gland Evaluation

Four patients showed evidence of extensive loss of viable gland
cells in at least one major salivary gland, as seen in Figures 1 to 5.
Distinct gland locations are indicated in Figure 1, with P (parotid
glands) or S (submandibular glands). A recent study with 30
patients who underwent [*®Ga]Ga-PSMA-11 PET/CT reported
that the mean (£ standard deviation) SUV,,,,, values in healthy
parotid and submandibular glands of patients are 12.3 (+ 3.9) and
11.7 (+ 3.5), respectively.'? For comparison, the SUV ., values
for the evaluated salivary glands are reported in Table 2.

Patient 1 (Figure 1) demonstrated normal symmetric uptake
and distribution of PSMA ligand despite receiving 6 '*'I-
treatments, indicating viable gland cells in the left and right
parotid and submandibular glands.

Patient 2 (Figure 2) demonstrated normal uptake in all
glands except the left parotid, which showed no activity at all,
compatible with complete loss of viable gland cells, and this
was attributed to 2 '*'I-treatments.

Patient 3 (Figure 3) showed normal uptake in both subman-
dibular glands, but extensive and diffuse loss in both parotid
glands which was attributed to 3 '*'I-treatments. However, the
center of the right parotid gland showed a hotspot of activity,
which could suggest a focal area of spared gland cells or local
regeneration from stem cells.'*

Patient 4 (Figure 4) demonstrated normal uptake in the left
parotid and right submandibular glands and complete loss of
uptake in the right parotid and left submandibular glands. This
is attributed to '3!I-treatments, and additionally, to EBRT for
the left submandibular gland, since the left neck received a
mean dose of 48 Gy.

Table 2. Uptake in Individual Glands.?

Glandular Ga-PSMA SUVmax

Patient Left Right Left Right
number parotid  parotid  submandibular submandibular
| 15.3 14.9 12.0 134

2 0.9 12.0 10.5 1.7

3 1.9 49 11.0 12.4

4 12.3 0.7 2.4 8.5

5 1.3 17.9 88 1.1

Abbreviations: PSMA, prostate-specific membrane antigen; SUV, standard
uptake value.

*Normal SUV ., values in healthy parotid and submandibular glands of patients
are 12.3 (£ 3.9) and I 1.7 (£ 3.5), respectively.

Patient 5 (Figure 5) demonstrated similar uptake to patient
4, but with the normal uptake in the right parotid and left
submandibular gland and lack of uptake in the other major
glands. This is attributed to 2 '*'I-treatments, and for the right
submandibular gland most likely also to EBRT with an average
dose to a tumor in the right neck of 66 Gy.

Discussion

A weakness of this study is the lack of PSMA PET/CT scans prior
to '*'I-therapy. Given that the uptake of PSMA in salivary glands
is well-documented, it is reasonable to assume that these patients
had normal physiological uptake in all their glands prior to
!3![_therapy, and that the substantial reduction exhibited is most
likely the result of radiation damage. The most striking result is
the high intrapatient variation of damage to different glands,
including strong and unexpected asymmetry in paired parotid and
submandibular glands. This asymmetry has been briefly reported
before and is discussed below. To our knowledge, this is the first
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Figure 2. Images from patient 2.
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Figure 3. Images from patient 3.

report of objective noninvasive evaluation of acinar gland cells in
salivary glands after '*'I-therapy, using PSMA PET/CT. This
new information can contribute to better understanding of differ-
ences between the administered '*'I-actvivity and clinical com-
plaints and to the development of new hypotheses on underlying
causes and protective strategies.

Dose—Effect Relation

Our results demonstrate that PSMA PET/CT can detect significant
damage and can reveal variations thereof between individual sali-
vary glands. The effective dose from *'I to parotid and subman-
dibular glands has been reported in the range of 0.2 to 0.7 mGy/
MBgq, or on average about 3.7 Gy for 7400 MBq. Thus, the

estimated dose to the salivary glands in several of the presented
patients is well below generally accepted dose constraints in EBRT
(eg, 26 Gy in 2 Gy fractions). The fact that objective damage can be
demonstrated, and many patients who received '*'I-therapy com-
plain of xerostomia despite the relatively low estimated delivered
doses, indicates that these constraints may not be suitable for
3!_therapy. The PSMA PET/CT may be useful to determine better
dose—effect relations for salivary glands; however, its quantification
is beyond the scope of this study given the low number of patients.

Comparison With Other Techniques

Several other techniques have been applied to evaluate salivary
glands toxicity before and after '*'I-therapy, most notably
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Figure 4. Images from patient 4.
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Figure 5. Images from patient 5.

[*°™Tc]pertechnetate scintigraphy.®->%°'> However, when
compared with PSMA PET/CT, these scans suffer from low
spatial resolution and planar views with overprojection. More-
over, the activity of the salivary glands on these scans may vary
significantly with stimulation, clearance, blockages, and local
perfusion, which makes it a less objective measure than PSMA
PET/CT. Other imaging instruments have primarily been
applied to evaluate the effects of other treatment modalities.
Ultrasound of salivary gland characteristics is operator-
dependent and correlates weakly with symptoms and outcome
treatment for Sjogren syndrome.'® Magnetic resonance sialo-
graphy was shown to correlate with damage after EBRT, but
was limited to ductal effects.'’

Many studies also make use of sialometry, measuring whole
and glandular saliva flow rates.>'%1° However, the studies
which investigated '*'I-related toxicity were subject to varia-
bility in salivary flow rate as a result of hyper/hypothyroidism,
which may influence their accuracy. Other factors such as
stress, hydration, and medication also affect salivary flow rates.
A study® found a decrease in salivary flow rates post
31]_therapy, but the uptake of '*'I in the salivary glands on
diagnostic scans did not correlate with the decrease in flow
rates post treatment. Thus, if we wish to understand the rela-
tionship between toxicity and dose distribution of '*'I, the
noninvasive, objective, quantitative, and 3-dimensional instru-
ment PSMA PET/CT is considered a promising modality.



Molecular Imaging

Asymmetry in Toxicity

Assuming the anatomical and physiological symmetry of left
and right salivary glands is of the same type, it would follow
that the distribution of '*'I in the left and right glands would be
symmetrical, but this goes against the results observed in this
study.

Objective asymmetric loss of salivary gland function due to
3!]_therapy has been documented and visualized before.*?°
One study® demonstrated the reduction in saliva volume pro-
duction due to '*'I-therapy and showed that in general the
parotid glands were affected more than the submandibular
glands. They also found that the left parotid gland was more
affected by radiation damage than the right in 14 of the 19
patients. Another study® that featured more than 200
B31[-therapy patients with pre and post treatment scintigraphy
scans found that 47.4% of all patients had some amount of
decrease in uptake, and that severe reduction in uptake by the
parotid glands was more frequent than in submandibular
glands. Of these, 38.6% had worsening in 1 gland, 49.5% had
worsening in 2 glands, 6.9% in 3 glands and 5% in all 4 glands.
They also found that 50.6% of patients had reduction in uptake
for both parotid glands and 21.4% for both submandibular
glands; however, no overall bias in damage to left or right could
be statistically determined.

Several have explained®™ that the higher incidence of dam-
age to the parotid gland from '*'T could be due to higher con-
centrations of radiosensitive serous acinar cells, whereas the
mucinous tissue of the submandibular glands may provide a
“radioprotective” effect. The difference in commonly applied
dose constraints for EBRT also hints at this difference in radio-
sensitvity (eg, 26 Gy for parotid vs 39 Gy for submandibular
glands).

Since in this study sufficient time has elapsed to allow for
any recovery of glandular tissue,'* the normal uptake of some
of the glands in Table 2 can be explained. However, the com-
plete loss of function of different types of glands on one side
but not both is not likely to be explained completely by the
discussed radiosensitivity alone. Therefore, we postulate that
asymmetric loss of salivary gland function is likely due to
physiological differences in delivery (perfusion) or retention
(excretion rates) of '*'T among these glands. Glands that cur-
rently appear damaged were likely more perfused or excreted
less '*'I, leading to a higher delivered radiation dose in the
gland. A gland exhibiting inherently higher retention is
exposed to more radiation from a '*'I-treatment, which can
consequently cause narrowing or obstruction in its duct and
sialadenitis.*-**'-*? This can lead to increased retention/low-
ered excretion in a subsequent '*'I-treatment, causing more
extensive radiation damage. This cumulative effect could
result in some glands losing complete function after multiple
31 treatments, while other glands may be unaffected, possibly
explaining the intrapatient and interpatient variation exhibited
by these 5 patients. This concept warrants further scientific
research with the aim to reduce '*'I-induced toxicity in salivary
glands.

Strategies to Reduce Toxicity

Many studies have established the connection between '*'I-

therapy and xerostomia, but there is not much evidence that
details how this toxicity can be reduced. Stimulating the sali-
vary gland by using sialogogic agents (like lemon candy or
pharmaceuticals) has been used to hasten the clearance of the
1311, but the effectiveness of this hasn’t been rigorously tested
and there are conflicting reports with some suggesting deleter-
ious “rebound effects” due to increased perfusion.'®*=* Our
results with highly asymmetric damage to paired glands leads
us to hypothesize that differences in perfusion could be a rel-
evant factor, and PSMA PET/CT could be used to test this. It
has been proven that blood flow to the scalp can be reduced
during chemotherapy to reduce the risk on alopecia, by cooling
the region.”® This was recently applied to salivary glands to
reduce PSMA uptake. Although the impact was limited,?®
given the promising outcomes of radiolabeled PSMA therapies
(such as 70, 2 Ac, and 213Bi) for prostate cancer, for which
xerostomia can also be a significant side effect,?” this further
supports PSMA PET/CT as a tool to evaluate strategies for
sparing the salivary glands in different types of radionuclide
therapies.

In conclusion, salivary gland toxicity from '*'I-therapy has
unexpectedly high intrapatient variation among different gland
locations and this can be evaluated with PSMA PET/CT. Pos-
sible explanations include variations in perfusion, tracer reten-
tion, or radiosensitivity. Further scientific research is needed to
elucidate this clinically relevant biological effect, with the aim
to develop better protective measures for patients receiving
31_therapy.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding
The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This

research was supported by an unrestricted research grant from the
Dutch Cancer Society KWF [Research Grant: 10606/2016-2].

ORCID iD

Vineet Mohan, MSc (® https://orcid.org/0000-0003-3947-5575

References

1. Clement SC, Peeters RP, Ronckers CM, et al. Intermediate and
long-term adverse effects of radioiodine therapy for differentiated
thyroid carcinoma—a systematic review. Cancer Treat Rev.
2015;41(10):925-934.

2. Klein Hesselink EN, Brouwers AH, de Jong JR, et al. Effects of
radioiodine treatment on salivary gland function in patients with
differentiated thyroid carcinoma: a prospective study. J Nucl Med.
2016;57(11):1685-1691.

3. Jeong SY, Kim HW, Lee S-W, Ahn BC, Lee J. Salivary gland
function 5 years after radioactive iodine ablation in patients with


https://orcid.org/0000-0003-3947-5575
https://orcid.org/0000-0003-3947-5575
https://orcid.org/0000-0003-3947-5575

Mohan et al

10.

11.

14.

15.

differentiated thyroid cancer: direct comparison of pre- and post-
ablation scintigraphies and their relation to xerostomia symptoms.
Thyroid. 2013;23(5):609-616.

. Mandel SJ, Mandel L. Radioactive iodine and the salivary glands.

Thyroid. 2003;13(3):265-271.

. Mandel L, Liu F. Salivary gland injury resulting from exposure to

radioactive iodine. J Am Dent Assoc. 2007;138(12):1582—1587.

. Corréa LG, Moriguchi SM, Boldrini E.Evaluation of quality of

life related to I-131 therapy in patients with well-differentiated
thyroid cancer and emphasis in salivary morbidity : a follow up
study after treatment. Adv Biosci Biotechnol. 2014;5(5):409—417.

. La Perle KMD, Kim DC, Hall NC, et al. Modulation of sodium/

iodide symporter expression in the salivary gland. Thyroid. 2013;
23(8):1029-1036.

. Wapnir IL, Van De Rijn M, Nowels K, et al. Immunohistochemical

profile of the sodium/iodide symporter in thyroid, breast, and other
carcinomas using high density tissue microarrays and conventional
sections. J Clin Endocrinol Metab. 2003;88(4):1880—1888.

. Caglar M, Tuncel M, Alpar R. Scintigraphic evaluation of sali-

vary gland dysfunction in patients with thyroid cancer after radio-
iodine treatment. Clin Nucl Med. 2002;27(11):767-771.
Grundmann O, Mitchell GC, Limesand KH. Critical review in
oral biology and medicine: sensitivity of salivary glands to radia-
tion: from animal models to therapies. J Dent Res. 2009;88(10):
894-903.

Schwarzenboeck SM, Rauscher I, Bluemel C, et al. PSMA ligands
for PET imaging of prostate cancer. J Nucl Med. 2017;58(10):
1545-1552.

. Klein Nulent TJW, Valstar MH, de Keizer B, et al. Physiologic

distribution of PSMA-ligand in salivary glands and seromucous
glands of the head and neck on PET/CT. Oral Surg Oral Med Oral
Pathol Oral Radiol. 2018;125(5):478-486. doi:10.1016/J.0000.
2018.01.011

. Verma P, Malhotra G, Agrawal R, Sonavane S, Meshram V,

Asopa RV. Evidence of prostate-specific membrane antigen
expression in metastatic differentiated thyroid cancer using
68Ga-PSMA-HBED-CC PET/CT. Clin Nucl Med. 2018;43(8):
€265-e268.

van Luijk P, Pringle S, Deasy JO, et al. Sparing the region of the
salivary gland containing stem cells preserves saliva production
after radiotherapy for head and neck cancer. Sci Transl Med.
2015;7(305):305ral47.

Raza H, Khan AU, Hameed A, Khan A. Quantitative evaluation
of salivary gland dysfunction after radioiodine therapy using sali-
vary gland scintigraphy. Nucl Med Commun. 2006;27(6):
495-499.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Takagi Y, Sumi M, Nakamura H, Sato S, Kawakami A, Nakamura
T. Salivary gland ultrasonography as a primary imaging tool for
predicting efficacy of xerostomia treatment in patients with sjog-
ren’s syndrome. Rheumatol (Oxford). 2015;55(2):237-245.
Astreinidou E, Roesink JM, Raaijmakers CPJ, et al. 3D MR sia-
lography as a tool to investigate radiation-induced xerostomia:
feasibility study. Int J Radiat Oncol Biol Phys. 2007;68(5):
1310-1319.

Dirix P, Nuyts S, Van Den Bogaert W.Radiation-induced xeros-
tomia in patients with head and neck cancer: a literature review.
Cancer. 2006;107(11):2525-2534.

Jentzen W, Balschuweit D, Schmitz J, et al. The influence of
saliva flow stimulation on the absorbed radiation dose to the
salivary glands during radioiodine therapy of thyroid cancer using
1241 PET(/CT) imaging. Eur J Nucl Med Mol Imaging. 2010;
37(12):2298-2306.

Gonzalez ME, Muttikkal TJ, Rehm PK. Sialadenitis following
low dose I-131 diagnostic thyroid scan with Thyrogen® (recom-
binant human thyroid stimulating hormone—thyrotropin alfa).
J Radiol Case Rep. 2015;9(6):44-49.

Meltzer DE, Gebara NV, Goel SR, Ghesani M, Kuriloff DB,
Shatzkes DR. Asymmetric [-131 uptake in the submandibular
gland in the setting of thyroid carcinoma. Clin Nucl Med. 2008;
33(9):638-640.

Shapiro B, Rufini V, Jarwan A, et al. False-Positive Radioiodine
Scans in Thyroid Cancer. Springer, 2016. doi:10.1007/978-1-
4939-3314-3_13

Kulkarni K, Van Nostrand D, Atkins F, Mete M, Wexler J, War-
tofsky L. Does lemon juice increase radioiodine reaccumulation
within the parotid glands more than if lemon juice is not adminis-
tered? Nucl Med Commun. 2014;35(2):210-216.

Liu B, Huang R, Kuang A, et al. lodine kinetics and dosimetry in
the salivary glands during repeated courses of radioiodine therapy
for thyroid cancer. Med Phys. 2011;38(10):5412-5419.

Komen MMC, Breed WPM, Smorenburg CH, et al. Results of 20-
versus 45-min post-infusion scalp cooling time in the prevention
of docetaxel-induced alopecia. Support Care Cancer. 2016;24(6):
2735-2741.

van Kalmthout LWM, Lam MGEH, de Keizer B, et al. Impact of
external cooling with icepacks on 68Ga-PSMA uptake in salivary
glands. EJNMMI Res. 2018;8(1):56. doi:10.1186/s13550-018-
0408-2

Ruigrok EAM, Van Weerden WM, Nonnekens J, de Jong M. The
future of PSMA-targeted radionuclide therapy : an overview of
recent preclinical research. Pharmaceutics. 2019;11(11):560.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


