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Background: LMB-100 is a mesothelin (MSLN)-targeting recombinant

immunotoxin (iTox) carrying a Pseudomonas exotoxin A payload that has

shown promise against solid tumors, however, efficacy is limited by the

development of neutralizing anti-drug antibodies (ADAs). Tofacitinib is an oral

Janus Kinase (JAK) inhibitor that prevented ADA formation against iTox in

preclinical studies.

Methods: A phase 1 trial testing LMB-100 and tofacitinib in patients with MSLN-

expressing cancers (pancreatic adenocarcinoma, n=13; cholangiocarcinoma,

n=1; appendiceal carcinoma, n=1; cystadenocarcinoma, n=1) was performed

to assess safety and to determine if tofacitinib impacted ADA formation.

Participants were treated for up to 3 cycles with LMB-100 as a 30-minute

infusion on days 4, 6, and 8 at two dose levels (100 and 140 µg/kg) while oral

tofacitinib was administered for the first 10 days of the cycle (10 mg BID).

Peripheral blood was collected for analysis of ADA levels, serum cytokines and

circulating immune subsets.

Results: The study was closed early due to occurrence of drug-induced

pericarditis in 2 patients. Pericarditis with the combination was not

reproducible in a transgenic murine model containing human MSLN. Two of 4

patients receiving all 3 cycles of treatment maintained effective LMB-100 levels,

an unusual occurrence. Sustained increases in systemic IL-10 and TNF-a were
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seen, a phenomenon not observed in prior LMB-100 studies. A decrease in

activated T cell subsets and an increase in circulating immunosuppressive

myeloid populations occurred. No radiologic decreases in tumor volume

were observed.

Discussion: Further testing of tofacitinib to prevent ADA formation is

recommended in applicable non-malignant disease settings.

Clinical trial registration: https://www.clinicaltrials.gov/study/NCT04034238.
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Introduction

Pancreatic cancer continues to have a very poor prognosis, with

a 5-year overall survival rate of only 13% (1). Even though pancreas

cancer represents approximately 3% of new cancer cases, it is the

third leading cause of cancer death, and is projected to become the

2nd within the next decade (1). Pancreatic ductal adenocarcinoma

(PDAC) is the most common pancreatic cancer histology,

accounting for >85% of pancreatic cancer cases (2). Most PDAC

patients are diagnosed at incurable advanced stages. Combination

chemotherapy was established as the standard of care for fit patients

with locally advanced and metastatic PDAC a decade ago (3, 4).

Since then, novel targeted modalities that have revolutionized care

for other cancer types have only demonstrated activity in a minority

of PDAC patients. Anti-CTLA4 and anti-PD(L)1 immune

checkpoint inhibitors benefit ~2% of PDAC patients with

mismatch repair deficient tumors but have no appreciable

response rate in others (5, 6). Five to 10% of PDAC tumors have

mutations in DNA-damage response genes (7, 8), a genotype that

conveys exquisite sensitivity and response to platinum agents (9)

and offers the possibility of benefit from PARP inhibitor therapy in

the maintenance setting (10). The development of effective targeted

therapies for other PDAC patients has been elusive. KRAS mutation

is the primary oncogenic driver in PDAC and occurs in more than

90% of patients. While KRAS was long considered an

“undruggable” target (11), recent breakthroughs have led to new

anti-KRAS agents. Sotorasib is a KRAS inhibitor specific for the

G12C mutation and has demonstrated efficacy in the ~3% of PDAC

patients who harbor this mutation (12). Inhibitors of other KRAS

mutations that are more common in PDAC (such as G12D) and

even pan-RAS inhibitors are currently being investigated in early

stage clinical trials (13). More efficacious and less toxic therapies for

PDAC are desperately needed.

Mesothelin (MSLN) is a cell surface glycoprotein with

expression typically limited to the mesothelial surfaces of the

pleura, peritoneum, and pericardium. In addition, many solid

tumors, especially mesothelioma, epithelial ovarian cancer, and
02
PDAC, highly express MSLN, making MSLN a popular target for

antibody-based therapeutics (14). LMB-100 is a second-generation

MSLN-targeted immunotoxin (iTox) designed to bind and kill cells

that express MSLN. LMB-100 contains a MSLN-binding Fab

bearing a Pseudomonas exotoxin A (PE) payload. When the anti-

MSLN Fab binds to MSLN-expressing cells the iTox is internalized

through endocytosis and PE translocates to the cytosol. PE is an

enzyme that irreversibly modifies elongation factor-2 via ADP-

ribosylation, preventing new protein synthesis. This induces

apoptosis in susceptible cell types (15).

LMB-100 has been tested in several clinical trials where the

maximum tolerated dose (MTD) was established for the single

agent, and in combination with the PDAC standard chemotherapy

drug nanoalbumin-bound (nab)-paclitaxel (16–18). The most

common toxicity was capillary leak syndrome (CLS), as seen

previously with other iTox. Although LMB-100 was rationally

designed to be less immunogenic than its predecessor iTox (19,

20), neutralizing anti-drug antibodies (ADAs) developed in all

patients following serial administration of LMB-100. ADA

development almost universally occurred within 2 cycles of

treatment, resulted in zero or near-zero plasma peak

concentration (Cmax), and was also associated with infusion-

related reaction.

ADA development against iTox bacterial toxin payloads is not a

new problem in the field and has been particularly problematic for

drugs designed to treat solid tumor patients (21). Trials co-

administering iTox with rituximab, cyclophosphamide or

cyclosporin A all failed to reduce ADA formation (22–24) By

deplet ing both T and B cel ls , use of a pentostat in/

cyclophosphamide regimen successfully delayed ADA formation

but this came at the cost of significantly increased toxicity and

prolonged lymphocyte depletion (25). Recently, Onda and

colleagues demonstrated that co-administration of the JAK (Janus

Kinase) inhibitor tofacitininb delayed ADA formation in mice

serially inoculated with iTox through multiple treatment cycles

(26). Tofacitinib is an oral, well-tolerated, reversible inhibitor of

JAK-STAT lymphocyte signaling (27), and is approved by the FDA
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for chronic treatment of multiple autoimmune diseases including

ulcerative colitis (28), and rheumatoid arthritis (29). Tofacitinib

inhibits both JAK3 and JAK1 signaling by preventing recruitment

of STAT transcriptional factors that are critical for the production

of multiple interleukins (IL) that regulate lymphocyte activation

and differentiation, such as IL-4, IL-6 and IL-10 family members

(30, 31). Administration of tofacitinib to mice resulted in decreased

numbers of pro-B cells, decreased IgG1 and IgG2a production, and

diminution of antigen-specific IgG1 responses, likely through

suppression of IL-4 signaling, all of which likely contribute to

ADA suppression (26). Separate pre-clinical studies examining

the combination of tofacitinib with iTox additionally

demonstrated that tofacitinib enhanced iTox delivery and anti-

tumor efficacy (32).

Given the lack of serious acute toxicity caused by tofacitinib in

patients, its ease of administration, its short half-life which allowed

for rapid reversal of immune suppression (and return of

lymphocyte-driven anti-tumor activity) upon drug hold, and

potential to enhance iTox delivery, tofacitinib was chosen for

advancement to clinical trial in combination with LMB-100 over

other agents found to delay ADA development in pre-clinical

studies (33). Here, we describe the results of a phase 1 trial

examining the combination of LMB-100 iTox with tofacitinib in

patients with advanced gastrointestinal (GI) malignancies

including PDAC.
Methods

Study approval

The study protocol was approved by the NCI Institutional

Review Board and written informed consent was obtained from

all participants. All animal experiments were performed in

accordance with NIH guidelines and approved by the NCI

Animal Care and Use Committee.
Study design and treatment

This open-label, phase I study was conducted at the NCI Center

for Cancer Research (Bethesda, MD; NCT04034238). The study was

conducted in accordance with FDA regulations and Good Clinical

Practice guidelines. The study design is outlined in Supplementary

Figure 1A and consisted of a dose escalation and a dose expansion

cohort. The primary objective for the dose escalation cohort was to

establish a maximum tolerated dose (MTD) for use in the Phase I

dose expansion. All participants received tofacitinib (10mg PO

daily) for days 1-10 in combination with LMB-100 (30-minute

infusion, dose as per escalation schema) on days 4, 6, and 8 of each

21-day cycle for a maximum of 3 cycles. Pre-medication with

diphenhydramine, acetaminophen and histamine-2 blocker (such

as ranitidine) was administered to all participants prior to LMB-100

infusion. Due to the black box warning that tofacitinib could

increase thrombotic risk, in addition to the baseline thrombotic

risk related to pancreatic cancer, all patients except Patient 01 also
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anticoagulant throughout study treatment if not already on

treatment doses for a prior thrombotic event. A 3 + 3 design

utilizing 2 dose levels was used to establish safe LMB-100 dose for

this combination. The Phase I dose expansion was planned to

include 15 patients, including those in the dose escalation cohort

who met dose expansion arm eligibility criteria. The primary

objective was to determine whether co-administration of

tofacitinib delayed the formation of neutralizing anti-LMB-100

ADA’s through Cycle 2 of treatment as measured by peak plasma

LMB-100 level (Cmax) following infusion. Prior published studies

showed that 62% of patients receiving LMB-100 with or without

nab-paclitaxel achieved Cycle 2 drug LMB-100 level higher than

100 ng/mL (16, 17), however, our re-analysis of these primary data

suggested that LMB-100 Cycle 2 Cmax >600 ng/mL better predicted

lack of significant ADA formation than a 100 ng/mL threshold.

Therefore, for this study, a threshold LMB-100 Cmax of > 600 ng/mL

during Cycle 2 LMB-100 administration was defined as indicative of

no neutralizing ADA formation. Based on the same prior studies of

LMB-100, 50% of patients were expected to achieve drug levels

above threshold during Cycle 2. The current study was powered to

detect an improvement to 80% from 50% and would be considered

positive if 11 or more participants out of 15 met threshold drug level

during cycle 2. Based upon summing standard binomial

probabilities, the probability of obtaining 11 or more of 15 who

would achieve drug levels above threshold during cycle 2 would be

just 5.9% if the true probability for an individual was 50%, while the

probability of this occurring would be 83.6% if the true probability

for an individual was 80%. Other endpoints included a similar

assessment of peak drug levels during Cycle 3, and description of

the pharmacokinetics of LMB-100 in this combination.
Patients

Eligible participants were ≥ 18 years old with histological

confirmation of PDAC, extrahepatic cholangiocarcinoma (ECC),

epithelioid subtype of mesothelioma or a solid tumor with ≥ 20% of

tumor cells expressing mesothelin as measured by validated IHC

assay. For the dose expansion arm, only patients with PDAC or

extrahepatic cholangiocarcinoma were eligible. Participants in all

cohorts must have received at least one prior standard systemic

treatment for advanced disease. Other requirements included:

evaluable disease (measurable per RECIST version 1.1 or by an

appropriate tumor marker, e.g. CA 19-9), Eastern Oncology

Cooperative Group performance status (ECOG PS) 0-2, adequate

organ function, including left ventricular ejection fraction ≥ 50%

and ambulatory oxygen saturation of > 88% on room air. See full

inclusion and exclusion criteria in Supplementary Methods.
Sex as a biological variable

Our clinical study examined male and female participants, and

similar findings are reported for both sexes. Mouse co-clinical trial

was performed in animals of both sexes.
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Clinical assessments

Adverse events (AEs) were graded using Common terminology

Criteria for Adverse Events (CTCAE) version 5.0. Dose limiting

toxicity (DLT) was defined as an occurrence of certain serious

hematological toxicities or grade ≥ 3 nonhematological toxicity

(clinically insignificant electrolyte abnormalities excluded) within

21 days of treatment initiation. For disease evaluable by imaging,

objective response was assessed (using RECIST version 1.1) at

baseline and 6 weeks after treatment initiation in participants
Frontiers in Oncology 04
who had received at least 1 cycle of therapy. For non-target

disease response, serial tumor marker measurement was used.
Pharmacokinetic, ADA, and serum
cytokine measurements

Timepoints for all correlative blood draws are shown in

Figure 1A. Patient plasma LMB-100 concentrations and ADA

levels were measured by validated ELISA through contract with
B

C

A

FIGURE 1

Study design and Adverse Events. (A) Tofacitinib and LMB-100 administration schedule. Gray arrows indicate sampling times for immune correlative
studies. (B) Summary of adverse events attributed to study intervention. (C) Histogram delineating severity of serositis as graded on H&E by a trained
pathologist in human mesothelin-expressing transgenic mice treated with LMB-100.
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Frederick National Laboratory for Cancer Research operated by

Leidos Biomedical Research, Inc. as described previously (17). Cmax

values were recorded as observed values, while other parameters,

namely AUC, half-life, clearance and volume of distribution, were

calculated using noncompartmental methods and summarized

arithmetically. Blood for serum cytokine evaluation was separated

within 4 hours and stored in aliquots at -80°C until use. The

samples were tested using clinically validated custom V-PLEX

assay plates on an electrochemiluminescence platform, according

to the manufacturer’s instructions (Meso Scale Discovery). The

following cytokines were assessed: IL-17a, IFN-ɣ, IL-1b, IL-2, IL-4,
IL-6, IL-8, IL-10, IL-12p70, IL-13, and TNF-a. For patients with
cytokine levels below the limit of detection (LOD), an imputation

method was used (i.e. LOD/√2) (34) to calculate the fold change.
Immune subset and circulating endothelial
cell analyses

Standard clinical lymphocyte phenotyping was performed by

CLIA-certified clinical lab at NCI Clinical Center. For more intensive

immuneanalysis, peripheral blood samples were collected in Cell

Preparation Tubes™ with sodium citrate (BD Vacutainer CPT

Tubes, BD Biosciences, San Jose, CA). Peripheral blood

mononuclear cells (PBMCs) were obtained by centrifugation and

viably frozen in liquid nitrogen until analysis. Immune subsets and

functional markers were analyzed using multiparameter flow

cytometry as described previously (18) and in Supplementary

Methods. CEC analyses were performed as described previously (19).
Murine studies of serositis

Msl transgenic mice, which have knock-in of human

mesothelin ortholog into the murine mesothelin locus such that

human mesothelin is expressed in the native distribution, were

engineered and bred as described in (35). Mice (Mslnki/+) were

treated with tofacitinib (25 mg/kg, 200 µL volume, twice daily by

OG, days 1-6) plus LMB-100 (3.5 mg/kg IV, 200 µL volume, Days

4 and 6), oral vehicle (200 µL OG, days 1-6) plus LMB-100, or oral

vehicle plus IV PBS (200 µL volume IV, Days 4 and 6). Tofacitinib

citrate was purchased from SelleckChem (product S5001),

dissolved in DMSO to 250 mg/mL for storage, then diluted into

0.5% methylcellulose, followed by 0.05% Tween20 and PBS just

before use. LMB-100 iTox was manufactured by Roche and

provided for these studies through a Collaborative Research and

Development Agreement. Animals were euthanized 24 hours after

last treatment. Tissue specimens were fixed in 10% neutral

buffered formalin solution for 48-72 h at RT (HT501128, Sigma-

Aldrich, USA), then sent to Molecular Histotechnology

Laboratory (MHL) Core facility for all histologic studies.

Analysis and quantification were performed by a trained

veterinary pathologist affiliated with the MHL Core using

criteria described in Supplementary Methods.
Frontiers in Oncology 05
Statistical analysis

Graphs were generated using Microsoft Excel, R Statistical

Software (v4.1.1; R Core Team, 2021), BioRender or GraphPad

Prism (Version 9.5.0) and statistical analyses were performed in

Prism or R Statistical Software (v4.1.1; R Core Team, 2021).
Data availability

Data are available upon reasonable request. Values for all data

points in graphs are reported in the Supporting Data Values file.
Results

Patient characteristics

Sixteen patients were treated with LMB-100 infusion combined

with oral tofacitinib between August, 2019 and November, 2020

(Supplementary Figure 1A). Thirteen patients were treated with 100

mcg/kg of LMB-100 (dose level [DL] 1), and 3 patients at 140 mcg/

kg of LMB-100 (DL2). Four patients received 3 cycles, 3 patients

received 2 cycles, and 8 patients received only 1 cycle of the study

treatment. One patient started tofacitinib but never received LMB-

100 due interval development of hyperbilirubinemia. One patient

withdrew during the first cycle after developing deep venous

thrombosis. Patient characteristics are summarized in Table 1.

Most patients enrolled had PDAC. Notably, 87.5% of participants

had liver metastases, 62.5% had lung metastases, and 12.5% had

clinically apparent ascites upon enrollment.
Safety and tolerability

All participants received LMB-100 with tofacitinib per the

schedule shown in Figure 1A. Adverse Events (AEs) attributed to

the study intervention are tabulated in Figure 1B and serious

toxicities considered unrelated to the study intervention are

reported in Supplementary Figure 1B. The most common AEs

attributed to study treatment were the CLS-related toxicities of

hypoalbuminemia (62%), hyponatremia (50%), edema (37%) and

fatigue (37%). Despite this only 2 participants developed significant

CLS, previously defined as >5kg weight gain from edema. One

patient was treated on DL2 and one on DL1. AST elevation (37%)

unrelated to CLS was also frequently seen and attributed to study

drug. DL1 was established as the MTD for the LMB-100/tofacitinib

combination after 2 of 3 patients enrolled on DL2 experienced dose-

limiting toxicity (DLT) of grade 3 CLS. Pt09 experienced

hyponatremia (grade 4), and atrial fibrillation (grade 3),

dehydration, hypotension, and weight gain as part of CLS from

LMB-100. Pt09 was able to receive cycle 2 at a reduced LMB-100

dose (100 mcg/kg) without further AEs. In Pt04, severe CLS

symptoms were accompanied by myocarditis (grade 3) and

serosal membrane toxicity (pericarditis, grade 2). Due to the
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weight-based dosing scheme, this 115 kg patient received the

highest dose of LMB-100 in the study, resulting in high peak

LMB-100 plasma concentration (Cmax = 3082 ng/mL,

Supplementary Figure 1C). The protocol was subsequently

amended to cap maximum LMB-100 dose to what would be

given for a 100 kg person. All other participants were treated at

DL1 from the outset. Pt19, the last patient treated, developed

treatment-related pericardial effusion with tamponade (grade 4),

pericarditis (grade 4), and atrial fibrillation (grade 3), after the

C1D6 dose of LMB-100. The occurrence of serious cardiac toxicity

due to serosal membrane irritation in a second participant

prompted the study team to close enrollment early for safety.

While pericarditis and other serosal membrane toxicities are

theoretical on-target off-tumor toxicities of mesothelin-targeted

therapeutics like LMB-100, these were the first two occurrences of

pericarditis in pancreatobiliary cancer patients receiving LMB-100.

Since peritoneal/cardiac biopsy of study patients was not feasible,
Frontiers in Oncology 06
we evaluated the combination for increased serosal toxicity in an

informative transgenic rodent model. Specifically, Msl transgenic

mice that have knock-in of full-length human MSLN into the

murine Msln locus were treated with LMB-100 ± tofacitinib and

histologic evidence of serositis in the pleura and pericardium was

graded by a veterinary pathologist blinded to the treatment groups.

Robust expression of human MSLN in the pleura and pericardium

of these mice has previously been demonstrated (35). No serosal

inflammation was identified in the control mice treated with vehicle

(data not shown). Similar amounts of serosal inflammation were

seen in LMB-100-treated mice regardless of whether they also

received tofacitinib (Figure 1C). Pericardial inflammation was less

than pleural inflammation and no mice developed pericardial

effusion or tamponade. Like 13 of the 15 patients treated with

LMB-100 on the clinical study, the mice had no clinical signs or

symptoms of serosal membrane toxicity even when co-treated with

tofacitinib and could not be used as a model to further investigate

the etiology of this unexpectedly severe toxicity. It was not feasible

to determine whether the transgenic mice had lower levels of

pericardial MSLN expression than the patients who developed

cardiac toxicity, one possible explanation for this discrepancy.

Only 2 patients experienced significant LMB-100-induced CLS

on this study, as defined by >5 kg weight gain from CLS-related

edema. Previously we have shown that the percentages of apoptotic

circulating endothelial cells (CECs) increases in proportion to

severity of LMB-100-induced CLS while the numbers of viable

CECs remained unchanged (17). Here, we saw a trend towards

transient increases in apoptotic and viable CECs following LMB-

100 + tofacitinib treatment (C1D9) as compared to baseline (C1D1)

(Supplementary Figures 1D, E). Notably, Pt09, who developed CLS

(grade 3) did not have follow-up samples available and could not be

included in the analysis.
Pharmacokinetic analysis and relationship
to ADA development

Serial LMB-100 plasma drug concentrations were available for

15 participants. Supplementary Table 1 provides a summary of all

pharmacokinetic parameters. LMB-100 concentration declined in a

mono-exponential manner following infusion irrespective of the

dose level as seen previously (Figure 2A). Numerically, the half-life,

clearance and volume of distribution were also similar to previous

studies of single-agent LMB-100 and LMB-100 given with chemo-

or immunotherapy (16, 17). Tofacitinib co-administration did not

affect first-dose pharmacokinetic parameters of LMB-100.

As seen in prior studies of LMB-100, peak LMB-100 plasma

concentration (Cmax) trended down with repeated iTox

administration. However, 2 out of 4 patients who received cycle 3

continued to have plasma drug levels higher than the 600ng/mL

pre-defined study threshold for “good” drug level (Figure 2B).

Concordant with decreasing peak blood levels of LMB-100, the

ADA titer rose in most patients prior to Cycle 2 of treatment

(Figure 2C). In prior clinical studies of LMB-100, LMB-100 Cmax

and ADA titers were inversely correlated, and ADAs >1.5 O.D. were
TABLE 1 Baseline patient demographics and clinical characteristics.

Characteristics Value

No. of patients 16

DL1 - no. (%) 13 (81.3)

DL2 - no. (%) 3 (18.8)

Age

Median (range) 62 (31-85)

>70yr - no. (%) 6 (37.5)

Male/Female - no. (%) 11 (68.8)/5 (31.2)

WHO performance status - no./total no. (%)

0 8

1 8

Tumor type- no./total no. (%)

Pancreatic Ductal Adenocarcinoma (PDAC) 13 (81.3)

Intrahepatic Cholangiocarcinoma 1 (6.3)

Cystadenocarcinoma 1 (6.3)

Appendiceal carcinoma 1 (6.3)

Sites of metastatic disease for all - no. (%)

Liver 14 (87.5)

Lung 10 (62.5)

Ascites 2 (12.5)

Other 12 (75)

Prior lines of therapy for all

Median (range) 3 (1-5)

Surgical resection - no. (%) 5 (31.3)

Radiation 9 (56.3)

Baseline CA 19-9 for PDAC - median (range) 1937.5 (0.8-251,100.0)
DL, dose level.
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predictive of undetectable LMB-100 (18). The inverse correlation

persists with co-administration of tofacitinib (p -0.7119), but

several patients had peak LMB-100 levels higher than the effective

threshold despite ADA >1.5 O.D. (Figure 2D). These data suggest

that tofacitinib co-administration may delay the development of

neutralizing ADAs or reduce their effect on peak drug levels in

some patients.
Anti-tumor activity of LMB-100 +
tofacitinib combination

There were no RECIST-defined radiologic responses amongst

the 14 patients who received at least 1 dose of LMB-100. Of the 9

patients evaluable for serum tumor marker assessment, 2

participants had PDAC tumor marker CA 19-9 decrease by >50%

from baseline (Supplementary Figure 2), but the decline was most

likely due to factors outside of the intervention (ie. recent biliary

stenting) rather than a true treatment response. Clinically

significant anti-tumor activity was not observed with the LMB-

100/tofacitinib combination.
Effect of treatment on plasma cytokines

Peripheral blood was assessed for the concentration of 11

different cytokines at the timepoints indicated in Figure 1A.

Individual patient level data is plotted in Supplementary Figure 3.

Thirteen patients had baseline (C1D4, status-post tofacitinib x3
Frontiers in Oncology 07
days, but prior to LMB-100 infusion) values reported. Fold change

in the concentration of 7 cytokines following LMB-100

administration are shown in Figures 3A–H. TNF-ɑ, and IL-8,

concentrations increased, while IL-10 concentrations decreased

within 4 hours of LMB-100 administration. Subsequently, all 3

cytokines persisted at concentrations higher than baseline through

the start of Cycle 2 (Figures 3A–C). IL-6 concentration had spiked

by the time all 3 doses of LMB-100 were administered, but then

returned to baseline before Cycle 2 LMB-100 administration

(Figure 3D). A significant decrease in IFN-ɣ was observed at the

end of the first LMB-100 infusion that resolved within 4 hrs

(Figure 3E). By completion of all 3 LMB-100 infusions on C1D9,

IFN-ɣ concentrations remained low in some patients but spiked in

others. No significant changes in IL-4 and IL-12p70 concentrations

were observed following LMB-100 administration (Figures 3F, G).

The remaining 4 cytokines assayed had concentrations largely

below the limit of detection (Supplementary Table 2) and could

not be used to make appropriate statistical inference

(Supplementary Table 3).
Effect of treatment on peripheral immune
cell subsets

Peripheral immune cell subsets were assessed at the indicated

time points as shown in Figure 1A. Treatment had no effect on the

percentages of T (total, CD4+ or CD8+), B or NK cell subsets

(Figure 4A). Interestingly, intensive analysis of T cell populations by

multi-parametric flow cytometry demonstrated that the ratio of
B

C D

A

FIGURE 2

LMB-100 pharmacokinetics and ADA formation. (A) LMB-100 plasma concentration for each patient during C1. (B) LMB-100 Cmax by patient and
cycle. The solid line indicates the median. The dashed line indicates LMB-100 previously established threshold of efficacy (600 ng/mL). (C) ADA
levels for individual patients before each indicated cycle of treatment. (D) Plot of LMB-100 Cmax versus ADA for each patient. Solid line shows fit for
simple linear regression. The vertical dotted line indicates 1.5 OD cut-off associated with low LMB-100 Cmax in previous clinical studies. Patients with
LMB-100 Cmax > threshold despite ADA > cut-off are indicated in gray with neighboring numeral defining patient #. Pt12 was an outlier for both C2
and C3 treatment.
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CD8/Treg cells increased with initiation of tofacitinib (C1D1-

C1D4) and even further with addition of LMB-100 (C1D4-

C1D9). By contrast, most activated T cells subsets decreased

through the course of LMB-100 treatment but were amplified

above baseline before the start of LMB-100 during Cycle 2

(Figure 4B; Supplementary Figure 4). The percentage of naïve

cells among total CD8+ T cells increased with initiation of

tofacitinib (C1D1-C1D4), and further increased following LMB-

100 treatment (C1D1-C1D9). More detailed subsets of B and NK

cell populations were not assessed.

Monocyte, myeloid derived suppressor cells (MDSCs), and

dendritic cell (DC) populations were significantly perturbed by

treatment administration (Figure 4B). LMB-100 treatment

increased the percentage of non-classical, intermediate, and

classical monocytes, although HLA-DR expression on these cells

largely declined (Figure 4B). However, the relative population of

monocytes declined by the start of Cycle 2 LMB-100 treatment

(Supplementary Figure 4). Populations of CD303+ DCs, monocytic

MDSCs (M-MDSCs), and early MDSCs (eMDSCs) also had large

increases following LMB-100 treatment (Figure 4B) which persisted

through to the start of Cycle 2 (Supplementary Figure 4). CD1c+

and CD141+ DCs transiently increased following introduction of

tofacitinib. Significant changes in CD83 expression, a functional

marker of maturation, on DCs were not observed.
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Discussion

In our study, the combination of LMB-100 with tofacitinib was

judged unsafe due to multiple events of pericarditis. This toxicity of

the combination could not be reproduced in a transgenic murine

model with serosal membrane expression of the MSLN antigen that

LMB-100 targets, such that the mechanism for increased serosal

membrane toxicity in the presence of JAK inhibitor remains

unclear. Unfortunately, the combination also lacked significant

anti-tumor efficacy. This led to our assessment of ADA formation

being underpowered. Despite this, several patients maintained

therapeutic LMB-100 levels throughout the planned treatment

course of 3 cycles, suggesting tofacitinib may provide benefit in

preventing the rapid drug clearance that typically occurs in the

presence of neutralizing ADAs.

The primary objective of this study was to assess whether

tofacitinib co-administration could delay ADA formation against

LMB-100, which is a significant barrier to iTox efficacy in solid

tumors. Unfortunately, due to the early closure for safety, and the

inadequate anti-tumor efficacy of the combination, there were an

insufficient number of evaluable patients receiving at least 2 cycles

of treatment to definitively assess our ADA prevention endpoint.

Numerically, only 3 of 9 patients (33%) achieved drug levels above

threshold during the second cycle, when prior studies have
B C

D E

F G H

A

FIGURE 3

Fold change analysis of peripheral blood cytokine levels. (A–G) Boxplot summary with exact p-values by Wilcoxon signed-rank test are reported for
indicated cytokines. The dashed blue lines indicate log fold change of 0 (no change). Horizontal black bars indicate the median for each group.
Boxplot indicates the interquartile range. Outlier points are connected by vertical lines. Pink boxes indicate cohort measurements with p <0.05 as
compared to C1D4 baseline. Imputation was required for 5 values below LOD for IL-4. (H) Reference chart defining amount of treatment received at
time of each cytokine measurement.
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suggested 50% should reach this milestone. With the early closure,

the study lacked power to draw statistical conclusions about this

ratio, however, the data revealed hints that tofacitinib might affect

ADA drug neutralization. Notably, LMB-100 Cmax remained at

therapeutic levels in 2 of 4 patients who received all 3 planned cycles

of therapy. Although these numbers are small, it is highly unusual

for any patient receiving LMB-100 to have measurable peak drug

levels by Cycle 3. Furthermore, multiple patients with high ADA

titers continued to have LMB-100 Cmax above the efficacy threshold,

suggesting that our intervention in pre-treating with tofacitinib

decoupled the inverse relationship between ADAs and peak drug

levels in some patients.

While iTox remains experimental for the treatment of solid

tumors, efficacy of many standard of care, life-saving protein drugs

is limited by ADA development. These include enzyme replacement

therapies (ERTs) for lysosomal storage diseases (LSD) and
Frontiers in Oncology 09
coagulation factor deficiencies (36). With LMB-100, development

of ADAs has previously been linked with near zero peak plasma

drug concentrations. For ERT, there is also strong evidence that

ADAs develop with repeated administration (37–40). In some, such

as Pompe’s disease, ADA formation to ERT is associated with

devastating clinical outcomes (41, 42). Similarly, development of

host IgG “inhibitors” against exogenous Factor VIII (hemophilia A)

or Factor IX (hemophilia B) occurs in around 30% and 5% of

hemophilia patients, respectively (43–45). The presence of these

ADA “inhibitors” is associated with higher mortality risk in

Hemophilia A (46), and anaphylaxis in Hemophilia B (47).

Emicizumab, a novel antibody that mimics a key function of

activated Factor VIII (48), provides one alternative for hemophilia

patients with neutralizing antibodies against coagulation factors,

but ADAs to emicizumab also occur (49–51). A further, definitive

exploration of the ADA preventative function of tofacitinib in one
BA

FIGURE 4

Peripheral blood immune subsets. (A) Peripheral blood lymphocyte percentages. No statistically significant changes were identified using Kruskall-
Wallis non-parametric test adjusted with Dunn’s test for multiple comparisons. (B) Flow cytometric assessment of peripheral immune cells reporting
intrapatient changes for all 58 cell types assessed. Each heatmap color block shows median changes in percentage of each cell subset for all
evaluable patients over the indicated time period. C1D1 timepoint baseline occurred pre-tofacitinib and pre-LMB-100 administrations. Other
timepoints are as defined in Figure 3H. Missing values were assumed to be random and were excluded from the analysis. To explore paired
differences, an exact Wilcoxon signed rank test was performed for each cell type, to calculate p-value. The analysis was not adjusted for multiple
comparisons. Levels of significance: * p <0.05, ** p <0.01, *** p <0.001.
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of these populations may be warranted, as safety of ERT combined

with tofacitinib is highly likely, and efficacy in stopping a highly

aggressive cancer is not required for study participants to remain

evaluable through sufficient cycles of treatment to make

an assessment.

Pericarditis, a previously theoretical on-target off-tumor serosal

membrane toxicity of MSLN-targeted therapeutics like LMB-100,

was observed in two patients with pancreatobiliary cancer receiving

the LMB-100 plus tofacitinib combination. Overall, pericardial

toxicity has been very rare in patients receiving MSLN-targeted

therapeutics in the absence tumor infiltration into the pericardium

(as occurs in many mesothelioma patients). It remains unclear why

pericardium is largely spared by anti-MSLN antibody-drug

conjugates, CAR T cells, and previous generation MSLN-targeted

iTox SS1P. This report documents the first occurrences of

pericarditis occurring in patients with pancreatobiliary cancer

receiving LMB-100. While the first patient who developed

pericarditis did receive the study’s highest dosage of LMB-100

due to the weight-based dosing schema, peak LMB-100

concentration in the patient with the most serious pericardial

toxicity was similar to other participants on the study. This

suggests that combination of LMB-100 with tofacitinib specifically

increases the risk of cardiac serosal membrane toxicity for some

patients receiving this MSLN-targeted intervention. For obvious

safety reasons, we could not obtain pericardial tissue from our

patients on study to examine what had occurred at the cellular level,

and, unfortunately, we were unable to successfully model

combination-induced pericardial toxicity in mice. It currently

remains a mystery why LMB-100 combined with a strong anti-

inflammatory drug such as tofacitinib would cause increased

pericardial inflammation, but inflammation-related serious

adverse events including pericardial effusion (grade 4) were also

seen when LMB-100 was combined with rapamycin nanoparticle

SEL-110, another lymphocyte signaling modulator (NCT03436732,

results reported on clinicaltrials.gov). When considering changes in

cytokine levels, we observed sustained increases in systemic IL-10

and TNF-a following initiation of LMB-100, increases which were

not seen in prior studies lacking co-administration of tofacitinib.

High serum levels of IL-10 alongside TNF-a have previously been

seen in patients with autoimmune myocarditis (52, 53), but links

between elevated TNF-a and pericarditis or pericardial effusions

have not been observed (54, 55). Here, increases in IL-10 and TNF-

a occurred in almost all patients on study, and were not more

intense for those with serosal membrane toxicity, so it is unlikely

that these systemic cytokines are associated with an increased

pericardial inflammatory response. We speculate that a more

localized process is responsible for pericarditis events and await

future research in informative model systems to delineate a

molecular mechanism for the paradoxical increase in serositis we

have observed upon addition of JAK inhibitor.

CLS is a frequent DLT of iTox therapies (16, 56), and was also

the DLT in this study. Our previous work identified endothelial

damage as the likely cause of CLS, since the severity of iTox-induced

CLS correlated with levels of apoptotic CECs (17). Given the

timescale of effect, it was concluded that the endothelial damage

was most likely secondary to a more proximal immune cell release
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of IL-8 and IFNg that is directly caused by iTox (18). In our present

study, IL-8 levels largely increased following LMB-100 treatment, a

previously established effect of exposure to Pseudomonas exotoxin

A (57), but IFNg changes were more variable. Tofacitinib has

previously been shown to suppress IFNg levels in animal models

(30) and human subjects (58) and may also be doing so here.

Anti-tumor activity of LMB-100 in past clinical and pre-clinical

studies has been associated with T cell activation (18, 59, 60). Here,

activated T cell subsets declined with initiation of therapy, a not

unexpected outcome given the known activity of tofacitinib. It was

hoped that limiting the tofacitinib course to 10 days of the 21-day

cycle would allow for resumption of active T cell signaling

(accompanied by lymphocyte-driven anti-tumor responses)

during the latter half of each treatment cycle. While activated T

cell subsets did rebound above baseline levels before the start of

Cycle 2 LMB-100 treatment, this did not generate a successful anti-

tumor effect. Notably, it was accompanied by increases in

circulating immunosuppressive myeloid populations. Although

tumor biopsy to directly assess changes in the TME was planned

for this study and would be valuable in understanding outcomes,

the study was largely conducted during the COVID pandemic

which adversely affected feasibility of elective procedures, and

patient tumor tissue was not available for analysis. Nevertheless,

our data do not support further pursuit of this combination in

solid tumors.

In conclusion addition of tofacitinib to LMB-100 increased

toxicity but failed to enhance anti-tumor efficacy in our primarily

pancreatobiliary patient population. This unfavorable clinical

profile resulted in early study closure and insufficient power to

definitively assess the role of tofacitinib in delaying or preventing

ADA formation in this population. We observed decoupling of the

inverse relationship between high-titer ADA formation and low

drug levels of LMB-100 in a small number of patients able to receive

the planned 3 cycles of therapy. Reassessment of tofacitinib as a

means of preventing or delaying ADA formation caused by

repeated administration of antigenic protein drugs may be more

tractable in the LDS and/or hemophilia patient populations that

require ERT.
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55. Ristić AD, Pankuweit S, Maksimović R, Moosdorf R, Maisch B. Pericardial
cytokines in neoplastic, autoreactive, and viral pericarditis. Heart Fail Rev. (2013)
18:345–53. doi: 10.1007/s10741-012-9334-y

56. Kreitman RJ, Dearden C, Zinzani PL, Delgado J, Karlin L, Robak T, et al.
Moxetumomab pasudotox in relapsed/refractory hairy cell leukemia. Leukemia. (2018)
32:1768–77. doi: 10.1038/s41375-018-0210-1

57. Schultz MJ, Speelman P, Zaat SA, Hack CE, van Deventer SJ, van der Poll T. The
effect of pseudomonas exotoxin A on cytokine production in whole blood exposed to
Pseudomonas aeruginosa. FEMS Immunol Med Microbiol. (2000) 29:227–32.
doi: 10.1111/fim.2000.29.issue-3

58. Li Y, Yuan L, Yang J, Lei Y, Zhang H, Xia L, et al. Changes in serum cytokines
may predict therapeutic efficacy of tofacitinib in rheumatoid arthritis. Mediators
Inflamm. (2019) 2019:5617431. doi: 10.1155/2019/5617431

59. LiuW, Tai CH, Liu X, Pastan I. Anti-mesothelin immunotoxin inducesmesothelioma
eradication, anti-tumor immunity, and the development of tertiary lymphoid structures.
PNAS. (2022) 119(48):e2214928119. doi: 10.1073/pnas.2214928119

60. Jiang Q, Ghafoor A, Mian I, Rathkey D, Thomas A, Alewine C, et al. Enhanced
efficacy of mesothelin-targeted immunotoxin LMB-100 and anti-PD-1 antibody in
patients with mesothelioma and mouse tumor models. Sci Transl Med. (2020) 12(550):
eaaz7252. doi: 10.1126/scitranslmed.aaz7252
frontiersin.org

https://doi.org/10.1158/1078-0432.CCR-19-2586
https://doi.org/10.1158/1078-0432.CCR-19-2586
https://doi.org/10.1002/cam4.5290
https://doi.org/10.1158/1535-7163.MCT-12-0336
https://doi.org/10.1073/pnas.1209292109
https://doi.org/10.3390/biom10070973
https://doi.org/10.1158/1078-0432.CCR-1160-3
https://doi.org/10.1097/00002371-199304000-00007
https://doi.org/10.1126/scitranslmed.3006941
https://doi.org/10.4049/jimmunol.1400063
https://doi.org/10.1021/jm1004286
https://doi.org/10.1056/NEJMoa1606910
https://doi.org/10.1056/NEJMoa1109071
https://doi.org/10.4049/jimmunol.1003668
https://doi.org/10.1038/s41392-021-00791-1
https://doi.org/10.1038/s41392-021-00791-1
https://doi.org/10.1172/jci.insight.123281
https://doi.org/10.1172/jci.insight.123281
https://doi.org/10.4049/jimmunol.1701430
https://doi.org/10.1080/1047322X.1990.10389587
https://doi.org/10.1080/1047322X.1990.10389587
https://doi.org/10.1158/1535-7163.MCT-21-0017
https://doi.org/10.1038/s41572-018-0025-4
https://doi.org/10.1038/gim200127
https://doi.org/10.1182/blood.V93.6.2081.406k07_2081_2088
https://doi.org/10.1056/NEJM200107053450102
https://doi.org/10.1016/S0140-6736(03)13311-9
https://doi.org/10.1016/S0140-6736(03)13311-9
https://doi.org/10.1007/s10545-014-9707-6
https://doi.org/10.1097/GIM.0b013e3182174703
https://doi.org/10.1111/j.1365-2141.2004.05168.x
https://doi.org/10.1182/blood.2019000658
https://doi.org/10.1182/blood-2012-09-457036
https://doi.org/10.1182/blood-2012-09-457036
https://doi.org/10.1111/jth.12990
https://doi.org/10.1055/s-0038-1660817
https://doi.org/10.1055/s-0038-1660817
https://doi.org/10.1016/j.ymthe.2019.11.006
https://doi.org/10.1016/j.ymthe.2019.11.006
https://doi.org/10.1111/jth.15506
https://doi.org/10.1111/jth.14957
https://doi.org/10.1016/j.rpth.2023.102194
https://doi.org/10.1016/j.jacc.2004.01.055
https://doi.org/10.1136/hrt.72.6.561
https://doi.org/10.1155/2012/382082
https://doi.org/10.1007/s10741-012-9334-y
https://doi.org/10.1038/s41375-018-0210-1
https://doi.org/10.1111/fim.2000.29.issue-3
https://doi.org/10.1155/2019/5617431
https://doi.org/10.1073/pnas.2214928119
https://doi.org/10.1126/scitranslmed.aaz7252
https://doi.org/10.3389/fonc.2024.1386190
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Tofacitinib to prevent anti-drug antibody formation against LMB-100 immunotoxin in patients with advanced mesothelin-expressing cancers
	Introduction
	Methods
	Study approval
	Study design and treatment
	Patients
	Sex as a biological variable
	Clinical assessments
	Pharmacokinetic, ADA, and serum cytokine measurements
	Immune subset and circulating endothelial cell analyses
	Murine studies of serositis
	Statistical analysis
	Data availability

	Results
	Patient characteristics
	Safety and tolerability
	Pharmacokinetic analysis and relationship to ADA development
	Anti-tumor activity of LMB-100 + tofacitinib combination
	Effect of treatment on plasma cytokines
	Effect of treatment on peripheral immune cell subsets

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	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 /sRGB
  /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 false
  /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 false
  /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 false
  /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


