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Abstract

Background: Anti-CD20 therapies are an emerging treatment strategy in multiple sclerosis (MS). Objective: Retro-
spective analysis of efficacy and safety in an MS cohort treated with rituximab (RTX) with identification of potential
treatment response predictors. Methods: This retrospective study describes a monocentric cohort of 30 MS patients
treated with RTX in a routine clinical setting. Patient characteristics, disease course, clinical and magnetic resonance
imaging (MRI) treatment response markers, and laboratory assessments were analyzed. Logistic regression analysis
corrected for demographic characteristics was used to identify treatment response predictors. Results: The RTX-
treated cohort (mean age at RTX initiation 48 years (SD 14)) comprised patients with relapsing-remitting MS (n = 9),
primary progressive MS (n = I1), and secondary progressive MS (n = 10). Two-thirds of patients had at least one MS
medication prior to RTX; 27.6% of patients improved on the Expanded Disability Status Scale during RTX, whereas 72.4%
of patients were stable or worsened. Based on this classification, we identified the presence of gadolinium enhancement in
MRI before RTX as a predictor of response (odds ratio (OR) 12.2, confidence interval (Cl) 1.02—144.55). After receiver
operating characteristic curve definition of immunoglobulin (Ig) class cutoffs and creation of a sum score, the latter also
predicted RTX response (OR 5.15, ClI 1.21-21.88). Infectious complications were seen in three patients under RTX
treatment. Conclusion: With the limitation of the retrospective approach and small sample size, this study confirms
gadolinium enhancement before treatment initiation as a predictor of anti-CD20 response in MS. Lower Ig levels were
associated with RTX response; however, these will have to be further investigated for a potential role for infectious
complications.
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Introduction

Multiple sclerosis (MS) is a chronic inflammatory disease
of the central nervous system with heterogeneous disease
courses: a relapsing-remitting course (RRMS), a primary i )
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CD20 is a cell surface protein expressed on circulating B
cells, but not on bone marrow precursor cells or plasma
cells.> A distinct pathophysiological antibody has never
been identified in the context of MS as the inflammatory
processes are pleiotropic.* Within these processes, the con-
tribution of B cells is indisputable in MS, especially in
progressive forms.>” It has thus been identified as a poten-
tial target structure in MS immunotherapy even before
ocrelizumab.

Rituximab (RTX) is a chimeric monoclonal antibody
against CD20 first licensed by the FDA in 1997 and
initially used in hematological indications, later fol-
lowed by rheumatological disease. In a phase 2 trial in
RRMS, RTX first demonstrated efficacy on both mag-
netic resonance imaging (MRI) parameters and the pro-
portion of patients with relapses.® In PPMS, there was
no difference between RTX and placebo. However,
patients with MRI activity and younger age at RTX
initiation profited from RTX treatment with a slight
delay of time to confirmed disability progression.’
Although RTX was never further developed to a formal
licensing stage in MS, it is widely used as an off-label
treatment option in both relapsing and progressive forms
of MS. In the largest reported MS cohort from the
Swedish MS registry comprising all disease courses,
MRI parameters and disease progression were positively
affected in an observational real-world study.'”

Throughout the MS studies, safety data for both RTX
and ocrelizumab are thus far generally favorable,*'! yet
partly limited by short follow-up duration. The relationship
of serological biomarkers with RTX efficacy and safety has
not yet been investigated in MS.

Besides the evaluation of B cell counts under treatment,
it is reasonable to assess immunoglobulin (Ig) levels. For
RTX in the placebo-controlled trials, the frequency of
decreases in IgG and IgA levels in the RTX group was
comparable to the placebo group, whereas IgM was more
frequently reduced in RTX; a relationship to increased
infectious adverse events was not detected.®™ The larger
Swedish registry reported on reduced IgG levels in 3% of
the patients, again without an association with infectious
complications.'’

Data on the Ig level’s association with infectious
events are thus still limited for MS. There are no data
on treatment efficacy in association with Ig levels.
RTX-related IgG and IgA hypogammaglobulinemia has
recently been associated with infections in vasculitis
patients. Although this cohort was small (n = 30), it
demonstrated significantly higher odds for severe infec-
tions (as defined by hospitalization) even after correction
for age, race, and renal function.'?

This study therefore set out to assess potential associa-
tions of clinical, MRI, and serological markers, especially
Ig levels, with efficacy and infectious events in a cohort of
MS patients treated with RTX.

Methods

Patients

This retrospective study was approved by the responsible
cantonal ethics committee of Bern (registration no. KEK-
BE 2017-01369) and carried out at Inselspital Bern,
Switzerland.

Patients were identified by medical chart analysis. All
patients diagnosed with MS according to the revised
McDonald Criteria'>—irrespective of disease course
(RRMS, PPMS, SPMS)—and treated with RTX
(MabThera®, Roche, Switzerland) at least once and fol-
lowed up for at least 3 months were included. Available
data on relapses, including calculation of an annualized
relapse rate (ARR), evolution of disability as measured
by the Expanded Disability Status Scale (EDSS),'* MRI,
laboratory parameters, and adverse events, were collected.

Change in disability before (latest available time point)
and after RTX (latest available time point) as measured by
the EDSS was used to categorize treatment response
(improvement versus stable/worsening). Clinical and para-
clinical parameters as well as serological markers were
statistically analyzed for their potential of RTX treatment
response prediction.

Statistical analysis

Descriptive statistics were used to summarize the assessed
variables. Categorical variables are given in absolute and
relative frequencies. Continuous variables are expressed as
mean and standard deviation (SD).

The ARR was calculated for each patient over the whole
available documented time interval before and since RTX
initiation. Especially for patients with short follow-up after
RTX initiation, this is a conservative approach as it would
rather overestimate than underestimate the ARR.

Logistic regression analysis was used to identify clinical
and paraclinical parameters for predicting RTX treatment
response. These were parameters of disease activity/burden
of disease obtained before RTX initiation: relapses, gado-
linium enhancement in cerebral MRI, and disability level.
The analysis was adjusted for gender and observation
period since the initiation of RTX therapy.

To identify potential serological parameters obtained
during RTX treatment serving as biomarkers of RTX treat-
ment response, receiver operating characteristic (ROC)
curves were used to define cutoffs for IgG, IgM, and IgA
serum levels distinguishing between patients with and
without RTX treatment response. These cutoffs were then
implemented in an Ig score (range 0-3) to predict RTX
treatment response in a logistic regression analysis. Predic-
tion parameters are described as odds ratio (OR) with 95%
confidence interval (CI). All analyses have been performed
with the statistical software SPSS (IBM SPSS Statistics for
Windows, Version 20.0. Released 2011. Armonk, NY:
IBM Corp.).
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Results

Description of the cohort

We identified 30 patients with RRMS (9/30), SPMS (11/
30), and PPMS (10/30) who were treated with RTX in an
off-label setting in the clinical routine of a tertiary univer-
sity hospital between April 2015 and March 2017.

Patients had a mean age of 48 years (SD 14; Table 1),
with a female-to-male ratio of 2:1. Mean EDSS at initiation
of RTX was 4.7 (SD 1.8). In 10 of 30 patients, RTX was the
first MS medication used; 6 of them were diagnosed with
PPMS, 3 with SPMS, and 1 patient had an RRMS disease
course. The mean observation period after first RTX treat-
ment was 0.8 years (mean, SD 0.5), with a mean total RTX
dosage of 1675 mg (SD 1135; Table 1).

Laboratory examinations before the initiation of RTX
demonstrated B cell counts within the normal range (mean
239/ul, SD 188) and Ig class concentrations within the
normal range: IgG 9.5 g/l (mean, SD 2.4), IgA 1.8 g/l
(mean, SD 0.7), and IgM 1.2 g/l (mean, SD 0.6).

Efficacy

In the whole patient group, the ARR remained unchanged
after the initiation of RTX (Table 1; p = 0.81). However, in
the subgroup of RRMS patients, the ARR decreased from
0.93 before (mean, SD 1.23) to 0.17 during RTX therapy
(mean, SD 0.52; p = 0.07).

Due to the large proportion of progressive patients, the
EDSS was used to classify treatment response resulting in
8/29 patients with EDSS improvement (responders) versus
21/29 patients with stable or worsened EDSS
(nonresponders).

Of 30 patients, 28 had a cerebral MRI before the initia-
tion of RTX (months prior RTX 4.6 (mean, SD 0.73) with
gadolinium enhancement in 12 of 28 patients.

A follow-up scan 7.5 months (mean, SD 5.6) after the
first RTX dose was available for 20 of these patients (n =9
of the group with gadolinium enhancement; n = 11 of the
group without gadolinium enhancement). These MRI data
demonstrated gadolinium enhancement in 4 of 20 patients,
in total. All of these four patients were patients who had
gadolinium enhancement in the first scan. This results in an
overall reduction of MRI activity of 55.6% (5/9).

Predictors of RTX treatment response

Logistic regression analysis determined the presence of
gadolinium enhancement in the MRI scan before RTX as
a predictor of RTX treatment response (OR 12.2, 95% CI
1.02-144.55), whereas EDSS progression and absence of
relapses before treatment initiation were not identified as
potential parameters for prediction (Tables 2 and 3).
Cutoffs for IgG, IgM, and IgA serum concentrations
were calculated to distinguish between RTX responders
versus nonresponders via ROC (see Online Supplementary

Table I. Patient characteristics.

Number of
Variable Mean SD patients (%) n
MS disease course
RRMS 9/30 (30) 30
PPMS 11730 (33) 30
SPMS 10/30 37) 30
Gender (?) 20/30 (67) 30
Number of preceding MS
therapies
0 10/30 (33) 30
| 11730 37) 30
2 2/30 (7) 30
3 6/30 (20) 30
4 1130 3) 30
Gd-enhancing lesion(s) on MRI 12/28 (40) 30
before RTX
Age at start of RTX (years) 48 14 30
MS duration until start of 93 9.l 30
RTX (years)®
Observation period before 25 29 30
RTX initiation (years)
Observation period since 08 05 30

RTX initiation (years)
ARR before RTX initiation 03 08 30

ARR since RTX initiation 0.28 0.73 30
EDSS at RTX initiation 47 1.8 30
Last EDSS score during RTX 46 1.8 29°
RTX dose in first cycle® (mg) 1375 625 30
Total RTX dose over all 1675 1135 30
cycles (mg)
Number of RTX infusions in total 2.2 0.96 30
Laboratory results
B cells/ul before RTX 239 188 30
Mean B cells/ul during RTX® 17 27 25
IgG before RTX (g/l) 95 24 27
IgA before RTX (g/l) 1.8 07 27
IgM before RTX (g/l) 12 06 26
IgG during RTX (g/l)* 87 2 29
IgA during RTX (g/l)° 1.6 06 29
IgM during RTX (g/l)® 09 05 29
Lymphocyte count/pl 1716 637 30
before RTX
Lymphocyte count/ul during 1615 424 25
RTX?

MS: multiple sclerosis; RRMS: relapsing-remitting MS; PPMS: primary pro-
gressive MS; SPMS: secondary progressive MS; MRI: magnetic resonance
imaging; RTX: rituximab; ARR: annualized relapse rate; EDSS: Expanded
Disability Status Scale; Gd: gadolinium; Ig: immunoglobulin; SD: standard
deviation.

?MS disease duration is defined as interval between first diagnosis and
initiation of RTX therapy.

®One patient had no documented EDSS after RTX initiation.

“One cycle comprises one to two single infusions within 4 weeks.

9Per patient, a minimum of one to a maximum of seven measurements
were available 0.25-2.25 years after initiation of RTX.

Table S1). With these cutoffs, a score was created attribut-
ing 1 point per Ig class value below the defined cutoff (Ig
score), therefore ranging from 0 (no value below cutoff) to
3 (IgG, IgM, and IgA value below cutoff). Each increase of
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Table 2. Predictors of RTX response prior to RTX initiation.?

Table 4. Adverse events and decrease of immunoglobulins during
RTX therapy.

Variable OR 95% Cl  Value Number of patients (%)
Relapse-free before RTX 0.57 0.06-5.79  0.63 Any adverse event related to RTX 7/30 (23)
Gd-enhancing lesion(s) on MRI 122 1.02-144.55 0.048 Infusion reaction 4/30 (13)
before RTX Infection 3/30 (10)
EDSS progression before RTX 4.16 0.45-38.81 0.21 Ig class
IgG 67 gl 4/29 (14)
OR: odds ratio; Cl: confidence interval; EDSS: Expanded Disability Status 1gG <6 g/l 2129 (7)
Scale; Gd: gadolinium; MRI: magnetic resonance imaging; RTX: rituximab. IsM 0.3-0.4 o/l 1129 (3)
INagelkerke's R-Square 0.37; data available for n — 27/30. OR > | indi- g a8
) o I . . IgM <0.3g/l 3/29 (10)
cates higher likelihood for positive RTX response. Analysis was adjusted
for gender and time of follow-up since RTX initiation. IgA 0.6-0.7 g/l 1729 (3)
IgA <0.6 g/l 0/29 (0)

Table 3. Predictors of RTX response during RTX therapy.?

Variable OR 95% ClI p Value
Total RTX dose (mg) I 0.99-1.002 0.87
Mean IgG, IgA, IgM sum score®  5.15  1.21-21.88 0.03

OR: odds ratio; EDSS: Expanded Disability Status Scale; Ig: immunoglobu-
lin; MRI: magnetic resonance imaging; RTX: rituximab; Cl: confidence
interval.

*Nagelkerke’s R-Square 0.42; data available for n = 28/30. OR > | indi-
cates higher likelihood for positive RTX response. Analysis was adjusted
for gender and time of follow-up since RTX initiation.

BCutoffs for Ig levels were calculated using ROC analysis. Afterward, one
point was given for each value below the cutoff (IgG 8.3 mg/l; IgA 2.0 mg/l;
1gM 1.0 mg/l) resulting in a sum score ranging from 0 to 3.

1 point in the Ig score demonstrates a significant associa-
tion with RTX response (OR 5.0, 95% CI 1.2-20.93) in the
logistic regression analysis (Tables 2 and 3).

Adverse events

Adverse events occurred in 7 of 30 RTX-treated patients.
Four patients experienced mild infusion reactions. Three
patients had infections in mean 0.4 years (SD 0.5) after
first dose of RTX leading to hospitalization in two patients
(n = 1 pyelonephritis, n = 1 bladder infection). The third
case reported to have had influenza in a follow-up visit, not
further confirmed by additional data (Table 4). Table 5
outlines Ig serum concentrations of patients with infections
compared to patients without infectious complications.

Discussion

This retrospective analysis of a small, monocentric cohort
of RTX-treated MS patients describes an association of Ig
levels with treatment response. Due to small patient num-
bers, a relation to infectious adverse events cannot be
proven.

Anti-CD20 agents have recently proven high efficacy in
both relapsing and primary progressive forms of MS.>!%!!
Safety profiles seem generally favorable, for instance, in
terms of progressive multifocal leukoencephalopathy
(PML). However, infectious complications remain a risk

RTX: rituximab; Ig: Immunoglobulin.

Table 5. Ig serum concentrations in patients with and without
infectious complications.

lgG (g/l)  1gM(g/l)  lgA (glh)
(mean, SD) (mean, SD) (mean, SD)
Patients with infectious 72 (0.7) 0.51 (0.05) 1.14 (0.46)
complications (n = 3)
Patients without infectious 8.8 (2.0) 0.91 (0.56) 1.71 (0.6)

complications (n = 26)*

Ig: immunoglobulin.
?One patient without infection had no Ig testing during RTX therapy.

for B cell-depleting therapies as well as for other
disease-modifying drugs in MS.'>'® This might become
even more important with approved anti-CD20 treatment
in clinical practice, as patient populations might be consid-
erably older, suffer from comorbidities, or receive pro-
longed treatment in comparison to a trial setting.

In our mixed cohort of patients, the ARR did not serve as
an adequate outcome parameter as only few patients were
RRMS patients. For this reason, the EDSS was defined as
the clinical outcome parameter. To be able to detect small
effect sizes, we decided to set the following outcome
groups: EDSS improvement (n = 8) versus stable/worsen-
ing EDSS (n = 21).

Whereas clinical baseline parameters did not serve as
predictors for RTX treatment response in these groups,
MRI activity 4.6 months (SD 0.73) before treatment initia-
tion was associated with positive RTX response (OR 12.2
[1.02—-144.55]). This is well in line with the phase 2 RTX
study in PPMS® and underlines the fact that patients with
active inflammation have better chances to respond to this
mainly anti-inflammatory therapy. With our small cohort
of different disease courses, it is well explained that the
high MRI efficacy of more than 90% reduction of
gadolinium-enhancing lesions compared to interferon
beta'! cannot be reproduced, here.

Although most of the studies on anti-CD20 treatments in
MS provide some data on Ig levels, there are no distinct
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analyses of their association with efficacy and only few
information in association with safety. In ocrelizumab-
treated RRMS patients, IgG and IgA levels were below the
lower limit of normal at 1.5% and 2.4%, respectively,
whereas the proportion of patients with IgM decrease was
16.5%. Unfortunately, the extent of decreases was not
denoted and no association with outcome or infections was
given (see supplementary material in the work of Hauser
et al.'"). These proportions were similar for the PPMS
cohort. Here, no relationship to serious infections was
detected (see supplementary material in the work of Mon-
talban et al?).

Thus, consistently for RTX and ocrelizumab data, a
small proportion of patients with lower IgG and IgA and
a higher proportion of patients with lower IgM were
reported.>® ' Here, we created an Ig score combining cut-
offs for all three Ig serum classes and detected a significant
association with RTX response (OR 5.0 [1.2-20.93]). This
finding needs confirmation in larger cohorts, but has thus
far not been described elsewhere.

Consistent with other cohorts, infusion-related mild
adverse events were reported for our cohort. Three patients
with infectious complications (n = 1 mild, » = 2 with
hospitalization) were seen in our cohort. Infectious compli-
cations and reactivation of latent infections, for example,
hepatitis B, are a major concern in anti-CD20 treatment and
will require further attention.'>

With only three patients with infectious complications, a
statistical analysis does not seem appropriate, here.
Whether Ig levels in patients with compared to those with-
out infectious complications are different needs to be
assessed in larger MS cohorts. This has already been
demonstrated in other conditions, for example, in vasculitis
patients.'> However, there are also data that cannot confirm
the relationship between low Ig levels and infections in a
population under multimodal immunosuppressive treat-
ment.'® The latter study focused only on IgG levels that
might explain conflicting results. Hypogammaglobuline-
mia for Ig classes might serve as a predictor for infectious
complications and could serve as a feasible tool in clinical
practice, but needs further, putatively even disease-specific
validation.

The major limitation of our study is of course the small
sample size and retrospective approach leading to missing
values in parts of the analyses and heterogeneity. However,
we think this analysis is well suited to serve as a
hypothesis-generating approach that should be further
investigated in larger, prospective studies of anti-CD20
therapies in MS. As MRI activity as an established para-
clinical parameter of treatment response was confirmed,
here, our analysis may well be comparable to other, larger
cohorts.

Especially for novel therapeutic interventions, the emer-
sion of unanticipated adverse events that might not have
been uncovered in phase 3 trials due to low incidence rates
is feared. Surrogate markers to help in the identification of

patients at risk for adverse events, but also at higher chance
to respond to treatment are still an unmet need in MS treat-
ment. If Ig serum levels were confirmed as serological
markers for treatment response and maybe also for infec-
tious adverse events, the longitudinal standardized assess-
ment of Ig levels might help to identify patients at risk.

Authors’ contribution

R Hoepner and A Miclea contributed equally to this work.

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) received no financial support for the research,
authorship, and/or publication of this article.

Supplementary material

Supplementary material for this article is available online

References

1. Lublin FD, Reingold SC, Cohen JA, et al. Defining the clin-
ical course of multiple sclerosis: the 2013 revisions. Neurol-
ogy 2014; 83(3): 278-286.

2. Montalban X, Hauser SL, Kappos L, et al. Ocrelizumab ver-
sus placebo in primary progressive multiple sclerosis. N Engl/
J Med 2017; 376(3): 209-220.

3. Tedder TF and Engel P. CD20: a regulator of cell-cycle pro-
gression of B lymphocytes. Immunol Today 1994; 15(9):
450-454.

4. Lucchinetti C, Briick W, Parisi J, et al. Heterogeneity of
multiple sclerosis lesions: implications for the pathogenesis
of demyelination. Ann Neurol 2000; 47(6): 707-717.

5. Bar-Or A, Fawaz L, Fan B, et al. Abnormal B-cell cytokine
responses a trigger of T-cell-mediated disease in MS? Ann
Neurol 2010; 67(4): 452-461.

6. Lisak RP, Benjamins JA, Nedelkoska L, et al. Secretory prod-
ucts of multiple sclerosis B cells are cytotoxic to oligoden-
droglia in vitro. J Neuroimmunol 2012; 246(1-2): 85-95.

7. Magliozzi R, Howell OW, Reeves C, et al. A gradient of
neuronal loss and meningeal inflammation in multiple sclero-
sis. Ann Neurol 2010; 68(4): 477-493.

8. Hauser SL, Waubant E, Armold DL, et al. B-cell depletion
with rituximab in relapsing-remitting multiple sclerosis. N
Engl J Med 2008; 358(7): 676—688.

9. Hawker K, O’Connor P, Freedman MS, et al. Rituximab in
patients with primary progressive multiple sclerosis: results
of a randomized double-blind placebo-controlled multicenter
trial. Ann Neurol 2009; 66(4): 460—471.

10. Salzer J, Svenningsson R, Alping P, et al. Rituximab in mul-
tiple sclerosis: a retrospective observational study on safety
and efficacy. Neurology 2016; 87(20): 2074-2081.



Clinical & Translational Neuroscience

11.

12.

13.

14.

15.

Hauser SL, Bar-Or A, Comi G, et al. Ocrelizumab versus
interferon beta-1a in relapsing multiple sclerosis. N Engl J
Med 2017; 376(3): 221-234.

Shah S, Jaggi K, Greenberg K, et al. Immunoglobulin levels
and infection risk with rituximab induction for anti-
neutrophil cytoplasmic antibody-associated vasculitis. Clin
Kidney J 2017; 10(4): 470-474.

Polman CH, Reingold SC, Banwell B, et al. Diagnostic cri-
teria for multiple sclerosis: 2010 revisions to the McDonald
Criteria. Ann Neurol 2011; 69(2): 292-302.

Kurtzke JF. Rating neurologic impairment in multiple sclero-
sis: an Expanded Disability Status Scale (EDSS). Neurology
1983; 33(11): 1444-1452.

Nixon A, Ogden L, Woywodt A, et al. Infectious complica-
tions of rituximab therapy in renal disease. Clin Kidney J
2017; 10(4): 455-460.

16.

17.

18.

19.

Holmoy TH, von der Lippe H and Leegaard TM. Listeria
monocytogenes infection associated with alemtuzumab—a
case for better preventive strategies. BMC Neurol 2017;
17(1): 65.

Khatri BO. Fingolimod in the treatment of relapsing-
remitting multiple sclerosis: long-term experience and an
update on the clinical evidence. Ther Adv Neurol Disord
2016; 9(2): 130-147.

Wattjes MP, Wijburg MT, Eijk JV, et al. Inflammatory
natalizumab-associated PML: baseline characteristics, lesion
evolution and relation with PML-IRIS. J Neurol Neurosurg
Psychiatry 2017. DOI: 10.1136/jnnp-2017-316886.

Marco H, Smith RM, Jones RB, et al. The effect of rituximab
therapy on immunoglobulin levels in patients with multisys-
tem autoimmune disease. BMC Musculoskelet Disord 2014;
15: 178.




<<
  /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


