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Preclinical studies have shown that anti-cytokine therapies could alter drug dispositions
through affecting cytochrome P450 synthesis; however, evidence and case reports
evaluating clinical relevance of this interaction are scarce. This is the first reported case
of interaction between cyclosporine (CsA) and etanercept in a 42-year-old male patient
with ankylosing spondylitis and immunoglobulin A nephropathy in whom cytokine levels
were monitored both before and after CsA initiation. The initiation of etanercept led to at
least 2.5-folds increase in total clearance of CsA. After comprehensive assessment and
stepwise exclusion of alternative causes, it was considered that inflammation resolution
with etanercept administration has highly induced clearance of CsA, probably mediated
by interleukin-2. The case has shown that co-administration of CsA and anti-cytokine
therapies such as etanercept needs close monitoring of trough levels. Physicians and
pharmacists should be aware of similar interactions especially when the biological therapy
is initiated or discontinued and for patients undergoing acute inflammation phase.
Monitoring cytokine levels should be considered when drug-cytokine interaction
is suspected.

Keywords: biological therapy, cyclosporine, etanercept, trough level, drug-cytokine interaction, inflammatory
disease, case report
INTRODUCTION

Cyclosporine (CsA) is a calcineurin inhibitor commonly used to prevent post-transplant rejections
or to treat immune-mediated diseases. Whole-blood CsA levels are routinely monitored to achieve
therapeutic range as well as to avoid toxicities. CsA levels can be altered by many concurrent
medications considering that CsA is a substrate of cytochrome P450(CYP) 3A4, CYP3A5, and P-
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glycoprotein (Watkins, 1990). Etanercept is a tumor necrosis
factor (TNF) blocking agent with proven efficacy and safety in the
treatment of autoimmune diseases such as ankylosing spondylitis
(Murdaca et al., 2018). It is a fusion protein consists of two p75
TNF receptors bound to the fragment crystallizable region of
immunoglobulin G. No specific drug interaction studies were
conducted with etanercept during its clinical development, as it
was presumed that etanercept would be metabolized as peptides
and amino acids rather than as a CYP450 substrate (Zhou, 2005).
However, later studies showed that anti-cytokine therapies can
alter drug dispositions through “drug-cytokine interaction”
(Goralski et al., 2018).

Cytokines, such as interleukins (IL), interferons, and TNFs are
hormone-like glycoproteins that regulate human immunologic
responses as mediators (Goralski et al., 2018). The term “drug-
cytokine interaction” is used to describe how cytokines interact
with drug-metabolizing enzymes or drug transporters and
therefore influence drug dispositions. Though first proposed
back in 1966 and was well supported by animal studies since
then, drug-cytokine interaction is barely considered relevant in
clinical scenarios (Morgan et al., 2008). Moreover, how cytokine
therapies such as etanercept would change exposure of
concomitant drugs lacks systemic evaluation and clarification
(Huang et al., 2010). Here, we describe the first reported case of
a probable drug-drug interaction between CsA and etanercept,
supported by the mechanism of “drug-cytokine interaction.”
CASE PRESENTATION

A 42-year-old Chinese male patient with past medical history of
ankylosing spondylitis (HLA-B27 positive), hypertension, and
type 2 diabetes mellitus was admitted to Shuguang Hospital
(Shanghai, China) for renal biopsy in June 2018 after having
persistent proteinuria and serum creatinine elevation. He was taking
metformin and levoamlodipine (active enantiomer of amlodipine)
for diabetes and hypertension, respectively; for ankylosing
spondylitis, he was treated with celecoxib, sulfasalazine, and
methotrexate, but all three medications were discontinued after
the onset of proteinuria 4 years ago, and etanercept and losartan
were started. On admission, his back pain was well-controlled, with
Bath Ankylosing Spondylitis Disease Activity Index (BASDAI)
score 3.0, his blood pressure was 120/76 mmHg, and hemoglobin
A1C was 7.1% (Zochling, 2011).

The patient underwent renal biopsy and was diagnosed with
IgA nephropathy (Haas IV) (M1S1E1T0) after admission.
Microemulsion formulated CsA 75 mg (2 mg/kg/d, patient weight
75 kg) twice daily and methylprednisolone 32 mg (0.4 mg/kg/d)
once daily orally were prescribed for IgA nephropathy treatment
starting August 2018. For this case report, the day of first CsA
administration was set as day 0. Due to occurrence of hyperglycemia
and intolerance of gastrointestinal side effects, methylprednisolone
was then slowly tapered down to 8 mg once daily within 90 d. Seven
and 17 d after CsA initiation, patient's CsA trough concentrations
(C0, day 7 and day 17) were both < 30 ng/ml. Accordingly, the
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physician assessed patient compliance and emphasized on the
importance of taking CsA on time (9 am and 9 pm) and
sampling C0 on time (between 8:30 am and 9:00 am). On day 45
and day 157, patient's CsA trough concentration was < 30 and 39.8
ng/ml, respectively. Of note, patient's serum creatinine and albumin
were relatively stable during this period of time. Liver function was
normal. Dosage of CsA stayed the same according to physician's
clinical judgment. As patient also visited his rheumatologist in this
hospital, his cytokine levels were available both before and after CsA
initiation. Timeline of the presented case is shown in Figure 1.

According to hospital laboratory, the analytical method
employed by hospital laboratory was chemiluminescent magnetic
microparticle immunoassay (CMIA) with ARCHITECT CsA kit
(Abbott Laboratories), with a measurement range of 30–1,500 ng/
ml. Therefore, the physician doubted the accuracy of the assay
results. Referring to the laboratory sampling records, all patient's
blood samples were correctly collected between 8:00 am to 9:00 am.
Moreover, calibration and quality control procedures for the assay
were done every 24 h according to guideline for quantitative analysis
of biological samples by Chinese Pharmacopoeia (2015). After
discussion, the team proposed several possible explanations for
the unexpectedly low CsA level: 1. The values were correct and
reflected non-compliance of CsA administration; 2. The values were
correct and reflected possible factors increased CsA metabolism,
such as physical condition changes or drug-drug interactions; 3. The
values were artifactual and reflected assay interference, such as by
heterophilic antibodies.
INVESTIGATIONS AND RESULTS

The patient was admitted again on day 220. To find out reasons
of extremely low CsA levels, pharmacist conducted medication
reconciliation and evaluated medication adherence for the
patient. Patient's adherence was assessed by checking patient's
refill records, as well as self-reported by patient; adherence result
was recorded as percentage of doses taken from total doses
prescribed (Hess et al., 2006). Patient's adherence of current
medications was as following: CsA 75 mg twice daily (9:00 am
and 9:00 pm, for 220 d, 100% adherence); methylprednisolone 8
mg once daily (for 220 d, 100% adherence); metformin 500 mg
once daily (for 3 years, > 95% adherence), levoamlodipine 2.5 mg
once daily (for 5 years, > 95% adherence), losartan 50 mg once
daily (for 4 years, > 95% adherence); etanercept 25 mg
subcutaneously every 10 d (for 4 years, 70% adherence) as
maintenance dosing regimen. No food interaction (including
alcohol) observed considering patient's dietary habits. No pre-
existing gastrointestinal conditions. Patient had irregular refill
records of etanercept between April 2017 to April 2018. According
to the patient, his very recent suspension of etanercept use was
between February 2018 to April 2018 (day −188 to day –126) due
to frequent business traveling, which were before CsA initiation.
As interruption of etanercept had caused frequent eruptions of
back pain, the patient changed his job to avoid frequent traveling
and resumed regular etanercept use since then. In general, patient
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showed his strong willingness to manage his health condition
responsibly. Also, he had been taking CsA on time and sampling
as directed since first administration.

To validate laboratory reports and exclude possibilities of
assay interference, we delivered two whole blood samples drawn
at the same time (C0, 8:50 am before medication administration,
day 157) to hospital laboratory as usual and pharmacy laboratory
for liquid chromatography-mass spectrometer (LC/MS/MS) CsA
determination simultaneously.

LC/MS/MS was performed on UFLC Chromatographic
System and API4000 Qtrap Mass Spectrograph. Methodology of
LC/MS/MS determination of CsA was systemically validated
before sample determination. Standard calibration curves were
constructed when method's accuracy, selectivity, precision,
recovery rate met requirements of the guideline for quantitative
analysis of biological samples by Chinese Pharmacopoeia (2015).
Detailed validation and sample determination process of LC/MS/
MS are provided in Supplementary Material. As a result, patient's
Frontiers in Pharmacology | www.frontiersin.org 3
sample concentration was 59.4 ng/ml according to LC/MS/MS
method. Meanwhile, the result provided by hospital laboratory by
CMIAmethod was 47.6 ng/ml. As two results were comparable to
each other, previous speculation of assay interference caused by
heterophilic antibodies was excluded.

Meanwhile, we noticed correlation between suspension of
etanercept use and irregularity of CsA trough levels, probably
mediated by IL-2. As shown in Figure 2, patient's discontinuation
of etanercept from February to April 2018 (day −188 to day −126)
has led to 422.5% increase of IL-2 before first dose of CsA, during
which patient experienced intolerable breakthrough back pain
(BASDAI score 5.7 at day −126). Re-initiation of etanercept led to
declined disease activity. As shown in Figure 2, patient's
inflammatory indicators of erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP) continuously decreased
after etanercept use, also patient reported significant pain relief
(BASDAI score 2.8 on day 73). Of noted, patient's IL-2 level
dropped by 59.34% on day 73. Initiation of CsA administration
FIGURE 1 | Timeline of the presented case report. BP, blood pressure; SCr, serum creatinine; BUN, blood urea nitrogen; CsA, cyclosporine.
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overlapped with the time of patient's inflammation remission. As
a result, the first three CsA trough levels of day 7, 17, and 45 were
extremely low and undetectable. Therefore, we suspected
interaction between CsA and etanercept in this particular patient,
whose initiation of etanercept therapy seemed to be correlated to
high clearance of CsA, leading to decreased cytokine activities that
would induce higher CYP synthesis and faster metabolism of
CYP substrates.

According to the Drug Interaction Probability Scale (DIPS),
our case is classified as a probable drug-drug interaction, with a
score of 6 (Horn et al., 2007). To quantify the extent of drug
interaction, it is presented that a 59.34% drop of IL-2 level for
141 d due to etanercept initiation has depressed CsA trough level
by at least 60% for 45 d at the lowest estimation, assuming
patient should have reached 75 ng/ml with current CsA dosage
and taking first three results as 30 ng/ml. According to the
equation Css = (dose × bioavailability)/(dosing interval × Cltotal)
and based on the assumption above, etanercept initiation has led
to at least 2.5-folds increase in total clearance of CsA.

In order to achieve therapeutic concentration of CsA for IgA
nephropathy treatment, patient was prescribed with diltiazem 30
mg once daily orally at discharge from day 225 to inhibit
CYP3A4 metabolism. Dosage of CsA remained unchanged
according to physician's clinical judgment. From day 225 to
day 367, CsA trough level slowly increased to about 79.7 ng/ml,
which also corresponded to more stable cytokine levels. Detailed
laboratory results of cytokine levels, ESR, and CRP values are
provided in Supplementary Table 1.
Frontiers in Pharmacology | www.frontiersin.org 4
DISCUSSION

Major drug references such as Lexicomp® andMicromedex® showed
no significant drug interactions between patient's co-medications.
The team noticed that the package insert of adalimumab (Humira)
suggested that drug concentration of CsA should be monitored
during initiation and discontinuation of adalimumab therapy, as
adalimumab initiation could increase CYP synthesis and lead to
decreased CsA concentrations (AbbVie Inc, 2020). An English-
language literature search (PubMed, Web of Science; database
inception to February 2020) identified no case report of drug
interaction between etanercept and CsA, nor between adalimumab
and CsA. This is the first case of drug interaction between etanercept
and CsA with quantification techniques and suggested mechanism
supported by patient's inflammatory indicators.

While therapeutic proteins are increasingly approved and
prescribed over the world, our understanding of drug interactions
associated with them is still premature and sometimes controversial.
Preclinical studies revealed that exposure to cytokines such as IL-1,
IL-2, IL-6, and TNF-alpha can reduce hepatic cytochrome P450
metabolism through transcriptional regulation of CYP synthesis
(Goralski et al., 2018). In patients receiving biologicals, the
resolution of inflammation by anti-cytokine therapies can
therefore increase drug clearance, due to reversal of the down-
regulation and induction of the suppressed enzymes (Morgan,
2009). However, clinical studies are not always drawing consistent
conclusions. While many clinical studies on therapeutic protein-
drug interactions showed negative or insignificant results, some
FIGURE 2 | Patient's CsA level, IL-2, and ESR/CRP levels monitoring during the time. Etanercept interruption has led to cytokine level fluctuations and clinically
unexpected CsA trough levels. The initiation of etanercept has induced a steep decline of IL-2, ESR and CRP levels due to inflammation resolution. Initiation of CsA
overlapped with the decline. As a result, the first three CsA level results were lower than the measurement range of applied immunoassay. From day 225 to day 367,
CsA trough levels slowly increased to 79.7 ng/ml with co-administration of diltiazem and under more stable cytokine levels. Day 0 set as the first day of CsA
administration. Plotted CsA level results were measured with chemiluminescent magnetic microparticle immunoassay by hospital laboratory. Results below
measurement range were taken as 15 ng/ml (half of assay lower detection limit). Csa, cyclosporine; ecp, etanercept; ESR, erythrocyte sedimentation rate; CRP,
Creactive protein. Applied unit for CRP is mg/ml, for ESR is mm/h.
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researchers pointed out that most trials were poorly designed
without considering the underlying mechanisms or/and disease
states of patients (Lee et al., 2010; Zhou and Sharma, 2016; Jing
et al., 2020). Admittedly, drug-cytokine interaction is complicated in
real clinical scenarios as it involves disease states, inflammation
characteristics and severity, as well as related drugs. As of now, it
appears that the degree of inflammation positively correlates
to interaction potential; therefore significant drug-cytokine
interactions are mostly observed during acute inflammation with
immune response or induction/discontinuation of cytokine-
therapies (Zhou and Sharma, 2016). By monitoring both cytokine
and affected drug levels, our case demonstrated drug-cytokine
interaction was of significant clinical importance—cytokines and
anti-cytokine biologicals can affect therapeutic effects or toxicities of
co-medications, which required close monitoring during clinical
practice, especially for patients with infection, inflammation or cancer
(Morgan et al., 2008; Veringa et al., 2017; Goralski et al., 2018).

Previous studies found that etanercept would not affect
pharmacokinetics of digoxin and warfarin in healthy subjects
(Zhou, 2005). However, our case revealed possible interaction
between etanercept and CsA in a patient with ankylosing
spondylitis and IgA nephropathy, with the interaction correlated
with changes in IL-2 levels. It should also be noted that the
described interaction between CsA and etanercept would mostly
happen with discontinuation or induction of etanercept, which
may explain the reason that there were zero report of similar cases
in the past. Strehlau et al. (2000) found basiliximab altered CsA
metabolism in pediatric transplant recipients, which shared
common features with our case such that both changes of CsA
trough levels seemed to be IL-2 mediated. CsA is a major substrate
of CYP3A4 andminor substrates of p-glycoprotein. In vitro studies
have shown that IL-2 regulates expression of CYP3A, and both IL-
2 and TNF-alpha regulate expression of p-glycoprotein (Elkahwaji
et al., 1999; Zıd́ek et al., 2009). Similar to our presented case, one
clinical trial (NCT02017639) has shown that induction of
sarilumab resulted in a reduction in exposure of simvastatin by
45%, when simvastatin was given 7 d after single-dose sarilumab,
due to reversal of IL-6-mediated CYP3A4 suppression in patients
of active rheumatoid arthritis (Lee et al., 2017).

Interestingly, while etanercept showed good clinical response in
our patient, as indicated by decline of BASDAI score and
inflammatory indicators such as ESR and CRP, cytokine levels
such as IL-2 and TNF-alpha increased first for 8 weeks before
they further decreased within normal ranges (Murdaca et al., 2018).
The phenomenon, suggesting that elevated cytokine levels did not
always correspond with increased disease activity, was also observed
in other clinical studies involving patients treated with etanercept
under conditions of rheumatic autoimmune diseases (Schulz et al.,
2014; Takeshita et al., 2015; Walters et al., 2016). For example,
Walters et al. (2016) reported that TNF-alpha and IL-17 increased
significantly for about 4 and 8 weeks respectively in etanercept but
not adalimumab-treated subjects, while the clinical improvement of
both treatments was similar. Besides proposed explanations such as
counter regulatory effects on T cells or serum TNF-alpha stabilizing
effects of etanercept, the mechanism associated with the phenomenon
needs further research (Zou et al., 2003; Nowlan et al., 2005).
Frontiers in Pharmacology | www.frontiersin.org 5
Combined with major findings in the presented case, the
mentioned phenomenon might also imply a higher possibility of
“drug-cytokine interaction” for etanercept therapies.

Several limitations of this patient case report should be
addressed. First, DIPS was employed to rate likelihood of the
presented case. Though DIPS is considered as the most appropriate
and the only published method to evaluate individual case reports,
it is likely to yield low causation scores when information about
similar drug interactions is limited, such as the presented case
(Agbabiaka et al., 2008; Scheife et al., 2015). Second, the cytokine
levels of this patient were not drawn simultaneously with CsA
levels. Around initiation of CsA therapy, cytokine levels were
available for 68 d before initiation and 73 d after (Figure 2,
Supplementary Table 1). The trend was described by assuming
that cytokine levels were decreasing in general due to etanercept
initiation. Third, the dosage of CsA remained the same in the case.
For IgA nephropathy treatment, no agreed target range was
recommended by clinical guidelines (Obrișcă et al., 2019).
Empirically, the dosage of CsA for IgA nephropathy treatment
ranges between 100–5 mg/kg/d per different clinical practice, and
trough levels of 70–180 ng/ml are achieved for most patients (Liu
et al., 2014; Song et al., 2017). For this particular patient, the team
chose to observe and monitor disease activity closely instead of
increasing dosage instantly to avoid potential adverse events due
to immunosuppressive effects, as well as considering protecting
the patient's renal function. However, for clinical scenarios with
more strict target concentration ranges, more aggressive
intervention would be employed. Forth, while the method of
medication adherence assessment employed in the investigation
was refill records checking combined with patient's self-report to
increase reliability, it is still imperfect and might fail to identify
patient's non-adherence to CsA with a small possibility.

During investigation of this patient case, assay interference from
endogenous proteins or peptides was also considered as a possible
cause of clinically unexpected CsA concentrations, as we noticed
that false results due to immunoassay interference were common
during therapeutic drug monitoring (Tsoi et al., 2019). For
example, it was reported in literature that patients receiving
etanercept may develop antibodies that could interfere with
immunoassays, which posed one challenge for reading laboratory
results of patients taking biological therapeutics (Russell et al., 2000;
Bolstad et al., 2013). Furthermore, CsA immunoassay results have
also been reported to be interfered by endogenous heterophile
antibodies (Morelle et al., 2011). In the presented case, we took a
stepwise approach to exclude other factors that may influence
laboratory results and validating trough level reports with LC/MS/
MS to reduce possibilities of misinterpretation (Netzel et al., 2014).
CONCLUSION

In conclusion, this case report suggests probable drug interaction
between etanercept and CsA that is mediated by cytokines.
Etanercept initiation, resulting in resolution of inflammation, can
lead to high clearance of CsA. Therefore, CsA blood levels should
be closely monitored in patients who are receiving etanercept
June 2020 | Volume 11 | Article 939
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simultaneously or with active inflammatory diseases. Physicians
and pharmacists should also be more vigilant in such patients as
the co-administration of anti-cytokine therapies could significantly
affect CsA concentrations and lead to supra- or sub- therapeutic
levels. Additionally, in such cases, monitoring cytokine levels may
be useful to detect potential drug-cytokine interaction.
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challenges of cytokine pharmacology. Br. J. Pharmacol. 157, 342–361.
doi: 10.1111/j.1476-5381.2009.00206.x

Zhou, H., and Sharma, A. (2016). Therapeutic protein-drug interactions: plausible
mechanisms and assessment strategies. Expert Opin. Drug Metab. Toxicol. 12,
1323–1331. doi: 10.1080/17425255.2016.1211109

Zhou, H. (2005). Clinical pharmacokinetics of etanercept: A fully humanized
soluble recombinant tumor necrosis factor receptor fusion protein. J. Clin.
Pharmacol. 45, 490–497. doi: 10.1177/0091270004273321

Zochling, J. (2011). Measures of symptoms and disease status in ankylosing
spondylitis: Ankylosing Spondylitis Disease Activity Score (ASDAS),
Ankylosing Spondylitis Quality of Life Scale (ASQoL), Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI), Bath Ankylosing Spondylitis
Functional Index (BASFI), Bath Ankylosing Spondylitis Global Score (BAS-G),
Bath Ankylosing Spondylitis Metrology Index (BASMI). Arthritis Care Res. 63,
S47–S58. doi: 10.1002/acr.20575

Zou, J., Rudwaleit, M., Brandt, J., Thiel, A., Braun, J., and Sieper, J. (2003). Up
regulation of the production of tumour necrosis factor a and interferon g by T
cells in ankylosing spondylitis during treatment with etanercept. Ann.
Rheumatol. Dis. 62, 561–564. doi: 10.1136/ard.62.6.561

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Wen, Chen, Lu, Jiao, Chen, Zhang, Ye and Liu. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
June 2020 | Volume 11 | Article 939

https://doi.org/10.1093/rheumatology/kei090
https://doi.org/10.3390/jcm8101584
https://doi.org/10.1002/1529-0131(200004)43:4%3C944::AID-ANR29%3E3.0.CO;2-Y
https://doi.org/10.1002/1529-0131(200004)43:4%3C944::AID-ANR29%3E3.0.CO;2-Y
https://doi.org/10.1007/s40264-014-0262-8
https://doi.org/10.1155/2014/675108
https://doi.org/10.1186/s12882-017-0467-z
https://doi.org/10.1016/s0140-6736(00)02822-1
https://doi.org/10.1016/j.cyto.2015.04.011
https://doi.org/10.1002/phar.2279
https://doi.org/10.1093/jac/dkw349
https://doi.org/10.1111/cei.12782
https://doi.org/10.1016/0190-9622(90)70358-O
https://doi.org/10.1111/j.1476-5381.2009.00206.x
https://doi.org/10.1080/17425255.2016.1211109
https://doi.org/10.1177/0091270004273321
https://doi.org/10.1002/acr.20575
https://doi.org/10.1136/ard.62.6.561
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

	Probable Drug Interaction Between Etanercept and Cyclosporine Resulting in Clinically Unexpected Low Trough Concentrations: First Case Report
	Introduction
	Case Presentation
	Investigations and Results
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


