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Abstract

Purpose: Small-cell carcinoma of the bladder (SCCB) is a rare
and aggressive neuroendocrine tumor with a dismal prognosis
and limited treatment options. As SCCB is histologically indis-
tinguishable from small-cell lung cancer, a shared pathogenesis
and cell of origin has been proposed. The aim of this study is to
determine whether SCCBs arise from a preexisting urothelial
carcinoma or share a molecular pathogenesis in common with
small-cell lung cancer.

Experimental Design:We performed an integrative analysis of
61 SCCB tumors to identify histology- and organ-specific simi-
larities and differences.

Results: SCCB has a high somatic mutational burden driven
predominantly by an APOBEC-mediated mutational process.
TP53, RB1, and TERT promoter mutations were present in nearly
all samples. Although these events appeared to arise early in all

affected tumors and likely reflect an evolutionary branch point
that may have driven small-cell lineage differentiation, they
were unlikely the founding transforming event, as they were
often preceded by diverse and less common driver mutations,
many of which are common in bladder urothelial cancers, but
not small-cell lung tumors. Most patient tumors (72%) also
underwent genome doubling (GD). Although arising at differ-
ent chronologic points in the evolution of the disease, GD was
often preceded by biallelic mutations in TP53 with retention of
two intact copies.

Conclusions: Our findings indicate that small-cell cancers of
the bladder and lung have a convergent but distinct pathogenesis,
with SCCBs arising from a cell of origin shared with urothelial
bladder cancer. Clin Cancer Res; 24(8); 1965–73. �2017 AACR.

See related commentary by Oser and J€anne, p. 1775

Introduction
Bladder cancer is the secondmost common urinary tract malig-

nancy, responsible for over 165,000 deaths per year worldwide
(1). Although urothelial carcinomas predominate, several histo-

logically distinct subtypes are observed, including squamous cell,
adenocarcinoma, sarcomatoid, plasmacytoid, and small-cell/neu-
roendocrine tumors (2). Though histology-specific, pathogno-
monic genetic lesions exist (3), little is known about the distin-
guishing genomic features of most bladder cancer histologies. In
addition, a comprehensive comparison of the genomic profiles of
these histologies as an entry point for understanding their diverse
clinical and therapeutic differences is lacking. Small-cell carcino-
ma of the bladder (SCCB) is a highly aggressive neuroendocrine
tumor (4, 5) often associated with a urothelial component. The
therapeutic management of SCCB has, to date, been driven by the
clinical experience in small-cell lung cancers (6, 7), as these
diseases are histologically indistinguishable and share many clin-
icopathologic characteristics (8). We sought to understand the
molecular etiology of SCCB in the context of small-cell lung
cancers as well as diverse bladder histologies (2, 3) using genome-
wide data from 61 patients compared with comprehensive data
from both urothelial tumors and small-cell lung cancers. We
identify genetic lesions that arise early in SCCB pathogenesis, and
through histology- and organ-specific comparisons, reveal differ-
ences in mutational patterns and potential therapeutic targets.

Materials and Methods
Patient samples

All specimens and clinical annotation were obtained from
patients providing informed consent and in accordance with
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institutional review board approval at Memorial Sloan Kettering
Cancer Center (MSKCC). Tumor samples were obtained from
surgical specimens (either transurethral resection or cystectomy
specimens). All tumors were reviewed and histopathologically
confirmed to be SCCB (H.A. Al-Ahmadie and X. Hao). Represen-
tative formalin-fixed, paraffin-embedded (FFPE) sections (on
average, 10 curls of 10 mm) from each sample were selected for
analysis. In a subset of cases, macrodissection or microdissection
was performed to enrich for tumor content andminimize stromal
tissue contamination. Matched normal tissue for germline DNA
consisted of blood and/or normal tissues (benign lymph nodes
procured at the time of cystectomy). Histologically distinct
regions of tumors frompatients diagnosedwith small-cell bladder
cancers presenting with mixed histology disease were further
macrodissected and sequenced separately. Immunohistochemis-
try for retinoblastoma protein (RB) was performed on represen-
tative tumor sections using an Rb mouse monoclonal antibody
(13A10; Leica Biosystems) on a Ventana Medical Systems DIS-
COVERY XT platform at 1:50 dilution. Overall, 15 patients
underwent whole-exome sequencing (WES), and 2 patients
underwent whole-genome sequencing (WGS), both of whom
also possessed higher depth of coverage Memorial Sloan Ketter-
ing-Integrated Mutation Profiling of Actionable Cancer Targets
(MSK-IMPACT) sequencing, and one also had RNA sequencing
(RNA-Seq) data. In total, 56 patients had tumor specimens
sequenced with MSK-IMPACT using either a 281-gene version
(n¼ 17) or a 341-gene version (n¼ 40; 1 patient with two tumors,
each of which was sequenced on each assay version). Finally, 12
patients had RNA-Seq of which WES was available for 10 and
MSK-IMPACT was available for the remaining 2. In total, 13
patients had multiple spatially or temporally distinct tumor
specimens (two or three) sequenced. Full details of the cohort,
including clinical data and sequencing platforms used, are avail-
able in Supplementary Tables S1 and S2.

Sequencing and analysis
Exome, transcriptome, and targeted sequencing were per-

formed in the Center for Molecular Oncology at MSKCC. DNA
extraction was performed from either FFPE or frozen tumors and
matched normal specimens with the DNeasy Blood & Tissue Kit
(QIAGEN) according to the manufacturer's modified protocol,
including the replacement of the AW2 buffer with 80% ethanol.
DNA was eluted in nuclease-free water. In total, 13 tumors were
subjected to WES, and 500 ng of genomic DNA was captured by
hybridization using the SureSelect XT Human All Exon V4 (Agi-
lent Technologies). Samples were prepared according to the
manufacturer's instructions. PCR amplification of the libraries
was carriedout for six cycles in theprecapture step and seven cycles
postcapture. Sampleswere barcoded and runon aHiSeq 2500 in a
75-bp paired-end run using the TruSeq SBS Kit v3 (Illumina). The

average number of read pairs per samplewas 133 and 110million
for tumor and normal samples, respectively, and the average
duplication rate was 4.3% and 3.2%. Read processing, alignment,
and recalibration as well as somatic mutation (substitutions and
small insertions and deletions) calling were performed as previ-
ously described (3).

To this exome cohort, we added three additional small-cell
bladder cancers that were profiled by The Cancer Genome Atlas
(TCGA) but ultimately excluded from the TCGA bladder cancer
study cohort (9) due to their non-urothelial histology. Mutations
and copy number alterations (CNA) in either 281 or 341 genes
were also profiled (in 17 and 41 additional patients, respectively)
using a solution-phase hybridization-based exon capture and
deep-sequencing assay as previously described (Supplementary
Tables S1 andS3; ref. 10).WGSwasperformedandanalyzed, all as
previously described (11), on two small-cell bladder tumors and
their matched normal specimens, whose DNA was extracted as
described above. The results of all sequencingdata are availableon
the publicly accessible cBioPortal for Cancer Genomics (12, 13).

RNA-Seq was performed for 12 small-cell bladder tumors.
These transcriptome data were used for fusion detection, muta-
tion cross-validation, and exploringRB1dysfunction in presumed
RB1-wildtype tumors. Briefly, RNA from frozen tissue was
extracted using the RNeasy Mini Kit (QIAGEN) according to
the manufacturer's instructions. After ribogreen quantification
and quality control with an Agilent Technologies Bioanalyzer,
2 mg of total RNA [6.5< RNA integrity number (RIN) <8.1]
underwent polyA selection and TruSeq library (TruSeq RNA
Sample Prep Kit v2) preparation according to amodified protocol
to enhance fusion transcript discovery. Briefly, samples were
fragmented for 2 minutes at 94�C before undergoing first-strand
and second-strand cDNA synthesis. Libraries were amplified with
10 cycles of PCR and size selected for fragments between 400 and
550 bp with a Pippin Prep instrument (Sage Science). Samples
were barcoded and run on a Hiseq 2500 in a 100-bp paired-end
run using the TruSeq SBS Kit v3 (Illumina). An average of 32
million paired reads were generated per sample. To these, we
added the RNA-Seq data of the three histologically confirmed
TCGA small-cell bladder cancers (H.A. Al-Ahmadie), converting
aligned reads to FASTQ for merging with sequenced samples
before analysis. Transcriptome reads were mapped to the human
genome (hg19) using rnaStar ver2.5.0a (14) to map reads geno-
mically and resolve reads across splice junctions. Reads were
mapped in a two-pass method (15), the first pass mapping to
known annotated junctions fromEnsembl, and the second pass is
completed on both known and novel junctions found in the first
pass. After mapping, expression count matrices were generated
frommapped reads usingHTSeq ver 0.5.3 usingGENCODEver18
gene models and normalized using DESeq. Candidate fusions
were identified using chimerascan 0.4.5, deFuse 0.6.2, and fusion-
catcher v0.99.3e. Pairs of genes identified by more than one
algorithm were inspected. Subsequent heuristic filtering and
manual inspection confirmed all putative fusion calls were
false positives.

Retrospective and prospective data
Results from this study cohort (SCCB) were compared with

those of four additional cohorts. For urothelial bladder cancer, we
combined data from 131 histologically confirmed tumors of the
TCGA project (9) with 172 tumors prospectively sequenced as
part of an ongoing clinical sequencing initiative at our institution

Translational Relevance

Beyond their cardinal lesions and distinct pathogenesis,
nearly half of small-cell bladder cancers (46%) harbor a
potentially therapeutically actionable lesion that may serve
as a rationale for clinical hypothesis testing as part of broader
early-phase basket studies uniquely suited to the study of such
rare tumor types.
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with the Clinical Laboratory Improvement Amendments (CLIA)–
certifiedMSK-IMPACT assay, which screens 410 cancer-associated
genes using the same technology as the targeting sequencing
performed above (10). Corresponding aligned read data from
WES of the TCGA samples were downloaded from CGHub
and reanalyzed with the copy number pipeline described below.
For small-cell lung cancers, we combined the somatic mutational
data from a recentWGS study of 110 patients (16) with data from
39 tumors prospectively sequenced as described above. Prospec-
tive sequencing analysis was performed as previously described
and extensively validated for clinical use (10).

Mutational signatures analysis
Mutational signature decomposition analysis (17, 18) was

performed for all tumor samples with 10 or more somatic muta-
tions (n ¼ 61; ref. 18). From the somatic mutations in an
individual tumor sample, we infer contributions from known
mutational signatures, which are probability distributions over
the nucleotide change and flanking 50 and 30 nucleotide context of
each mutation. Each mutation in the sample is viewed as a
random draw from the following random process: First, a muta-
tional signature is chosen at randomaccording to its contribution,
or degree of exposure, and then a mutation type is chosen at
random according to that signature. This gives amixture model, a
weighted combination of signatures where the weights are
unknown and sum to one, with each weight indicating the
proportion of mutations in the sample attributed to that signa-
ture. These weights are inferred using an optimization algorithm
that maximizes a log-likelihood function derived from this ran-
dom model. As the APOBEC-mediated mutational process has
been attributed to two distinct signatures (signatures 2 and 13;
ref. 17), for visualization purposes we show the sum of the
fractions of both signatures.

Copy number, clonality, and evolutionary analyses
We determined total, allele-specific, and integer DNA copy

number genome wide using the FACETS algorithm (19) in all
tumors (n¼ 81) independent of sequencing platform (targeted,
exome, or genome). Briefly, FACETS simultaneously segments
total and allele-specific DNA copy number from the coverage
and genotypes of polymorphic SNPs genome wide. Allele-
specific segmentation is based on the log odds ratio of allele
fractions at SNPs identified as heterozygous in the normal
sample. A fit is applied to the resulting segments, identifying
in each sample the (i) log ratio corresponding to diploidy, (ii)
purity, and (iii) average ploidy. Major and minor integer copy
number is then assigned to each segment by maximum like-
lihood. Allelic imbalance (including tumor-specific loss-of-het-
erozygosity) is determined from a change in the zygosity of
heterozygous SNPs. We then defined the presence of genome
doubling (GD) in samples for which the majority of the
genome (�50%) contains multiple copies from the same
parent/allele. Gene-level copy number (Supplementary Table
S4) was assigned from spanning segments of integer copy
number data in each tumor. Homozygous deletion was deter-
mined from regions of total copy number of zero. Amplifica-
tions were those regions of total integer copy number greater
than 5 or 6 in diploid and GD cases, respectively. Partial
deletions (with intragenic breakpoints) were called whereas
partial amplifications were not. This same FACETS-based ana-
lytical pipeline was run on all retrospective and prospective

cohorts (including both targeted and WES data) to allow for
direct comparison of gene-level copy number calls.

The purity and integer copy number results from FACETS
analysis, along with coverage levels and allele frequencies, were
used to estimate the fraction of cancer cells harboring each
mutation [cancer cell fraction (CCF)] in all evaluable specimens
(n ¼ 77). For mutations in regions of genomic gain, two CCFs
were calculated, assuming the minimum andmaximum possible
number of copies (20). For each CCF, confidence intervals were
estimated as the full width half maximum of the posterior
probability distribution (21). The timing of emergence of GD
relative to somatic mutations was estimated by applying a Gauss-
ian mixture model to the allele fractions of somatic mutations in
genomic regions of balanced tetraploidy in 10 tumors for which a
sufficient number of such mutations were present (�20). Muta-
tions that could be confidently assigned membership in the
mixture model were assumed to have arisen before or after GD.
The number of copies of each mutation per cancer cell, and,
therefore, timing relative to GD, was estimated when there was
sufficient separation between component allele fraction distribu-
tions per sample. In general, somatic CNAs can also be timed,
however, the burden of CNAs in small-cell bladder cancer is so
high that often, the majority of a genome has been affected by
multiple independent CNA events. As a result, only a few events
can be timed unambiguously.

In the 2 patients in our cohort with mixed-histology disease,
histology-specific regions were macrodissected, so we, therefore,
expected that a minimal amount of cross-contamination among
the populations may be present. We corrected for this analytically
in the following manner: As the estimated tumor purity was
similar, for allmutations shared between the two cell populations
in regions that lacked CNAs, we determined the mode of the
distribution of the ratio of allele frequencies between the small-
cell and other histologic populations. Mutations in the non–
small-cell population with allele frequencies less than or equal to
the positive full width at half maximum of this distribution of
ratios between the two populations were considered to be arising
from a minor contaminating population of small cell present in
the second histology and were excluded from comparisons.

Data availability
All somatic mutational calls and CNAs along with accom-

panying clinical data are available for analysis and visualization
in the cBioPortal for Cancer Genomics (http://cbioportal.org/).
Raw sequencing data have been deposited in the Database of
Genotypes and Phenotypes (dbGaP; http://www.ncbi.nlm.nih.
gov/gap/).

Results
We analyzed 87 tumor and matched normal specimens from

61 patients with SCCB with a combination of whole-exome,
-genome, and -transcriptome sequencing along with targeted
deep sequencing of hundreds of key cancer-associated genes (see
"Materials and Methods" and Supplementary Tables S1 and S3).
This cohort is comprised predominantly of men (79%) with
largely muscle-invasive (stage �2) disease at diagnosis (89%),
who received chemotherapy and had amedian overall survival of
45 months (95% confidence interval, 31–60; Supplementary
Table S2). To explore bladder histology-, cell lineage-, and
organ-specific differences, we compared these results with

Pathogenesis of Small-Cell Bladder Cancer
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Figure 1.

Mutational burden of SCCB. A, The somatic mutational burden of SCCBs, other genitourinary cancers, and both pulmonary adenocarcinomas (adeno) and
small-cell carcinomas. Box represents interquartile range (IQR); upper whisker extends from hinge to largest value �1.5x IQR. B, Mutational signatures in
patients with SCCB with WES or WGS data (includes three TCGA small-cell bladder samples, see "Materials and Methods"), urothelial tumors, and small cell
lung cancers (bottom). Patients 6 and 23 possessed a polymerase h-associated activation-induced cytidine deaminase (AID) mutational signature, as indicated.
C, Pattern of lesions in TP53, RB1, the TERT promoter, and other effectors of cell-cycle regulation in SCCBs and urothelial carcinomas (as labeled, urothelial
inferred from TCGA data). D, Commonly mutated genes in SCCB, urothelial carcinomas, and small-cell lung cancers (dark blue, light blue, and red, respectively)
are grouped on the basis of their alteration frequency being predominantly associated with either histology, organ, or cancer-type alteration patterns
(� , nominal P value < 0.05; Fisher exact test, error bars represent one standard deviation using the binomial distribution). Hom., homozygous; LOH, loss of
heterozygosity; N/A, not available.
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genomic data from 452 retrospectively and prospectively
sequenced high-grade urothelial bladder (9, 22) or small-cell
lung cancers (ref. 23; 303 and 149, respectively; see "Materials
and Methods"). WES and/or WGS of the tumor and matched
normal specimens from 17 patients revealed a high somatic
mutational burden [median of 10.7 mutations per million bases
(Mb) sequenced] that was significantly greater than other geni-
tourinary cancers (Fig. 1A). Despite the prevalence of a past
history of smoking (73% were current or former smokers; Sup-
plementary Table S2), mutational signature decomposition anal-
ysis (17) in these patients revealed that APOBEC rather than
tobacco-associated mutagenesis predominated. Indeed, 95% of
these patients harbored evidence of an APOBEC-mediated muta-
tional process that accounted for a median of 60 � 23.7% of all
somatic mutations in each patient (Fig. 1B). This APOBEC-driven
mutational signature (predominantly C>G or C>T mutations at
the TCW trinucleotide context) was observed to a lesser degree in
bladder urothelial carcinoma but was largely absent from small-
cell lung cancers despite a shared risk factor of past smoking
history in all three cancer types (refs. 4, 23–25; Fig. 1B, bottom).
Endogenous mutational processes other than APOBEC were
present in a subset of samples including 2 patients with a muta-
tional signature associated with polymerase h/activation-induced
cytidine deaminase (AID) defects. Taken together, this suggests
that risk of smoking-associated bladder cancers is driven by a
pathogenic mechanism different than the mutagenesis observed
in small-cell lung cancers.

TP53 and RB1 were the most frequently altered genes in SCCB,
each arising in 90% of patients (Fig. 1C; Supplementary Tables S5
andS6).Mutations in thesegenesco-occurred in80%ofall tumors,
a pattern that is consistent with small-cell lung cancers (16) and
underscores the importance of G1- to S-phase cell-cycle dysregula-
tion in small-cell cancers independent of their organ of origin.
Moreover, transcriptome sequencing in 12 patients, although not
identifying recurrent gene fusions in SCCBs, did reveal loss of RB1
expression in an SCCB that lacked anRB1mutation.We confirmed
with immunohistochemistry in 2 additional RB1–wild-type
patients that these tumors did not express RB (Supplementary
Fig. S1), suggesting the presence of occult lesions or epigenetic
silencing as the basis forRB1 inactivation in such cases. SCCBs also
had a much higher rate of biallelic mutation in these genes
compared with urothelial tumors (Supplementary Fig. S2). How-
ever, 12% of histologically confirmed urothelial bladder cancers
also harbored co-occurring alterations in TP53 and RB1 (9),
suggesting that mutations in one or both of these genes are
necessary but not sufficient for the development of the small-cell
phenotype. Targeted sequencing of 341 key cancer-associated
genes at high depth of coverage in 46 additional SCCBs confirmed
thesecoincidentmutationsandfurther revealed that95%ofSCCBs
harbor TERT promoter mutations that are also present less fre-
quently in 70% of urothelial tumors (prospective cohort; see
"Materials and Methods;" P < 1.6 � 10�4, Fisher exact test), but
that are absent fromother small-cell cancer types, including small-
cell lung cancers (26). Combining the unbiased and targeted
sequencing cohorts, we found that recurrent mutations in diverse
epigenetic modifiers (KDM6A, ARID1A, CREBBP, EP300, and
KMT2A/C/D) were present in most patients with SCCB (74%, n
¼ 45 of 61), a mutational frequency of these genes similar to that
observed in urothelial carcinoma. Mutations in these chromatin-
modifying genes were, however, uncommon in small-cell lung
cancers (P < 10�6, Fisher exact test; Fig. 1D), indicating that SCCB

likely arises from a urothelial carcinoma precursor and has a
pathogenesis distinct from that of small-cell lung cancers.

Like the genomesof small-cell lung cancer, SCCBgenomeswere
complex, although in distinct ways (Supplementary Fig. S3). On
average, 63% of the SCCB genome harbored DNA CNAs, similar
to urothelial carcinomas with TP53 mutations but higher than
other epithelial tumors. Focal homozygous and heterozygous
deletions of the RB1 and TP53 loci were the most frequent CNAs,
contributing to biallelic alterations. FocalCDKN2A deletions and
CCND1 amplifications, although common in urothelial carcino-
ma, were absent from SCCB (P ¼ 0.02 and 0.0005, Fisher exact
test). Organ-specific E2F3 focal amplifications were present in
17% of SCCBs, a frequency similar to that observed in urothelial
carcinoma but significantly higher than in small-cell lung cancers
(Fig. 1D). Although many of these complex amplicons also span
SOX4, another previously hypothesized target of this CNA, WGS
resolved the structure of one such event in an affected patient,
indicating that E2F3 is the likely target (Supplementary Fig. S4).
Moreover, thepresence ofE2F3 amplifications inRB1-null tumors
indicates that the former may confer an additional growth advan-
tage or that these effectors have organ- rather than cell-type–
specific nonredundant roles despite their shared regulation of the
G1- to S-phase transition of the cell cycle. Beyond focal CNAs,
recurrent broad gains and losses were common, but the frequent
3p losses present in small-cell lung cancers were largely absent in
SCCB. Notably, although 5p gains were the most common broad
CNA in SCCB (10%), these events did not exclusively target the
mutant allele of the TERT promoter (5p15). Indeed, 5p genomic
gains targeted the wild-type allele of TERT in four tumors, indi-
cating that there is a selective pressure for 5p gains beyond
elevating expression of mutant TERT, perhaps targeting another
oncogene on the chromosome arm.

Given the chromosomal instability in SCCB, we investigated
the presence of GD, which has been previously associated
with poor prognosis in individual cancer types (27). Using
inferences of ploidy from genome-wide allele-specific copy num-
ber (Fig. 2A), we identified GD in 72% of 58 evaluable tumors
(Fig. 2B; Supplementary Table S7), a frequency similar to that
observed in urothelial carcinoma, not otherwise specified (NOS)
tumors (28). Whereas GD has been associated with TP53 muta-
tions in other tumor types (27, 28), GD was more common in
SCCBswithmissense rather than loss-of-function TP53mutations
(nonsense, frameshift, splice site, and homozygous deletions; P <
10�4, Fisher exact test; Fig. 2C). Moreover, there appeared to be
selection for biallelic alteration of TP53 missense-mutant GD-
positive tumors. Among tumors with TP53 biallelic mutation, a
single mutation followed by copy-neutral loss-of-heterozygosity
(CN-LOH)predominated (Fig. 2C; Supplementary Fig. S5).Nota-
bly, in GD-positive tumors from 3 patients in which the two
independent TP53mutations could be phased, we confirmed they
were present in trans (Fig. 2D).

To better understand how such cardinal events andGD evolved
in SCCB, we sought to time the emergence of specific genomic
alterations in the chronology of disease pathogenesis from indi-
vidual tumor specimens. In 10 tumors harboring sufficient somat-
ic mutations (�20) in regions of balanced tetraploidy for the
timing analysis, we found that GD arose at various points in
molecular time relative to other somatic mutations (Fig. 3A). The
coincident RB1, TP53, and TERT promoter mutations, however,
arose before GD in all tumors, emphasizing their early role in
SCCB pathogenesis. In some patients, typified by the paired
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primary andmetastatic tumors of patient 37, only a small minor-
ity of the total somatic mutational burden (<5%) arose before
GD, indicating GD itself was an early event, perhaps arising
shortly after TP53 alteration(s), whereas in other patients, most
somatic mutations, including the cardinal coincident lesions,
arose before GD, as was the case for patients 7 and 61. Notably,
even the dominant mutational process varied with time. For
instance, the APOBEC-associated mutational signature so perva-
sive in SCCBs was observed only after GD in patient 59, despite
28%of its somaticmutational burden arising beforeGD (Fig. 3B).
In other patients, the APOBEC-associated mutational process
produced most somatic mutations early but ebbed as the tumor
evolved after GD. Integrating these chronologic analyses in a
representative SCCB (patient 61), we found that the cardinal
TP53, RB1, and TERT promoter mutations all arose very early in
molecular time.RB1 and PTENbiallelic inactivation evolved from
truncating mutations after which heterozygous losses targeting
the wild-type allele occurred. Conversely, a TP53 E285Kmissense

mutation was followed by CN-LOH resulting in two copies of the
mutant allele after which GD arose, increasing the mutant allele
burden of all four of these genes (Fig. 3C). Although most other
predominantly APOBEC-associated somatic mutations arose
before GD, indicating it was a later event in this patient, several
broad CNAs appeared both before and after GD. In the patient in
whom we profiled a primary diagnostic tumor and matched
adrenal metastasis, the vast majority of somatic mutations were
clonal in both, indicating that both tumors emerged froma shared
antecedent clone after which linear clonal evolution was evident
with only a few metastasis-specific CNAs arising late.

To explore how cardinal events such as RB1, TP53, and TERT
promoter mutations arise and contribute to the conversion of a
preceding urothelial carcinoma to predominant small-cell histol-
ogy, we sampled and deeply sequenced histologically distinct
regions of tumors with clear and spatially separated regions of
both small-cell and urothelial carcinoma, NOS from the same
patients. By comparing themutations commonamong, or specific
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to, multiple histologically distinct regions of mixed-histology
tumors presumably originating from a single common ancestor,
we can draw inferences on the timing of their emergence
and their phylogenetic origins. In 2 such patients, each with
two histologically distinct tumor specimens sequenced by
MSK-IMPACT, a pattern of branching evolution was apparent.

The branch point, defined by specific somatic mutations, repre-
sented cellular differentiation between histologies. In both illus-
trative cases, one or more truncal mutations were clonal in both
cell populations. In 1 patient, a single CREBBP L1458� nonsense
mutation was clonal in both the small-cell and urothelial cell
populations (Fig. 3D), whereas RB1 and TP53 mutations were
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present and clonal in only the small-cell component. Conversely,
several mutations including KDM6A E1102K were present exclu-
sively in the urothelial component, a finding that is consistent
with the increased frequency of KDM6A mutations in urothelial
carcinoma overall compared with SCCB (Fig. 1D). In the other
patient, both a TERT promoter mutation (-145/C>T) and a
PIK3CAQ546P hotspotmutation, alongwith several others, were
clonal in both the small-cell and urothelial (papillary) tumor
components arising before the cellular differentiation program
that defined the two histologies (Supplementary Fig. S6). On the
other hand, the small-cell component again exclusively possessed
RB1 and TP53 mutations, whereas the papillary population
possessed a clonal activating ERBB2 L755S mutation. These
results reaffirm the nearly obligate emergence of RB1 and TP53
mutations in SCCBbut also indicate that these two cardinal events
are not the foundermutations necessary for initial transformation
and clonal outgrowth of a histologically distinct bladder tumor
cell population (Fig. 3E).

Despite the evolutionary heterogeneity of SCCB, most driver
mutations of potential clinical actionability were clonal at diag-
nosis. Exploring the landscape of potentially actionable lesions in
SCCB, we found that 46% of patients (n ¼ 28 of 61) harbored a
lesion of potential therapeutic significance, defined as either an
FDA-approved or National Comprehensive Cancer Network
(NCCN) compendium–listed biomarker or prior clinical evi-
dence associating it as a biomarker of drug response in this or
another indication (Supplementary Fig. S7). In total, 13% of
patients (8 of 61) harboredmutations inPIK3CA (Supplementary
Fig. S7A). Unlike in urothelial carcinoma, SCCBs lack ERBB2
amplifications (9, 29), but 14 patients harbored likely activating
ERBB2mutations including hotspot mutations in both the extra-
cellular (S310) and kinase domains (L755; Supplementary Fig.
S7B). Among other RTKs, ERBB3 mutations affected 15% of
patients. FGFR3 hotspot mutations (S249C) were much less
common in SCCB than in UC, likely owing to their mutual
exclusivity with RB1 loss, reaffirming the highly RB1-dependent
G1–S checkpoint dysfunction in these tumors. Beyondmutations
in ERCC2, which correlate with sensitivity to platinum-based
therapy in muscle-invasive bladder cancers (30), there were also
mutations in other effectors of DNA repair signaling (Supple-
mentary Fig. S7C). Overall, the presence of therapeutically action-
able lesions within SCCBs revealed specific clinical hypotheses
that can be tested as part of broader early-phase basket studies that
are uniquely suited to study such rare tumor types.

Discussion
Our findings indicate that SCCBs and small-cell carcinomas of

the lung have a convergent but distinct pathogenesis. Consistent
with small-cell lung cancer, we observed obligate, likely early-
arising lesions in RB1 and TP53. We also identified bladder-
specific mutations in the TERT promoter and in chromatin-
modifying genes, among others. A substantial subset of TP53
mutations were biallelic missense rather than loss of function, a
setting in which GD arose preferentially, suggesting that GD is
more strongly associated with TP53 neomorphism rather than
conventional loss of function in SCCB. Also, although evolution-
arily diverse, we demonstrated that there are truncal mutations in
tumors with mixed histology (31), but histology-specific lesions
in RB1 and TP53 determine the small-cell phenotype and appear
to arise early in molecular time, likely shortly after the founding

driver. This indicates that small-cell andurothelial bladder cancers
have a shared cellular origin, with the former representing a
dedifferentiation from urothelial carcinoma quite unlike small-
cell histologies in other organ types (Fig. 3E; refs. 32, 33). Of
course, a small percentage of urothelial carcinomas also harbor
alterations in RB1 and TP53, which can be detected in even
noninvasive precursor lesions (unpublished data). Therefore,
although these lesions are necessary, they alone are likely insuf-
ficient to drive small-cell differentiation. Moreover, unlike in
prostate cancers progressing on antiandrogen therapy (34), trans-
differentiation in bladder cancers has been difficult to identify.
Therefore, future studies should explore whether epigenomic or
transcriptional events interact with the loss of RB1 and TP53 to
confer the small-cell phenotype. Taken together, however, these
findings suggest that the undifferentiated neuroendocrine fea-
tures present in small-cell carcinoma are likely associatedwith the
specific alterations present in the affected cell rather than prior
mutagen exposure, tissue of origin, or mutational burden. Over-
all, aside from RB1 and TP53 alterations, genomic alterations
present in SCCBmore closely resemble urothelial carcinoma than
small-cell lung cancers, indicating thatmost alterations contribute
tooncogenesis in anorgan-specificmanner rather than a cell type–
specific manner.

Disclosure of Potential Conflicts of Interest
C.M. Rudin is a consultant/advisory boardmember for Abbvie, AstraZeneca,

Bristol-Myers Squibb, Harpoon, and SeattleGenetics. D.B. Solit is a consultant/
advisory board member for Loxo Oncology and Pfizer. H.A. Al-Ahmadie is a
consultant/advisory board member for Bristol-Myers Squibb and EMD Serono,
Inc. No potential conflicts of interest were disclosed by the other authors.

Authors' Contributions
Conception and design: E.K. Cha, G. Iyer, D.B. Solit, H.A. Al-Ahmadie,
B.S. Taylor
Development of methodology: M.T. Chang, A. Penson, A. Abeshouse,
D.B. Solit, B.S. Taylor
Acquisition of data (provided animals, acquired and managed patients,
provided facilities, etc.): N.B. Desai, A. Viale, E.K. Cha, X. Hao, V.E. Reuter,
B.H. Bochner, J.E. Rosenberg, D.F. Bajorin, G. Iyer, D.B. Solit, H.A. Al-Ahmadie
Analysis and interpretation of data (e.g., statistical analysis, biostatistics,
computational analysis): M.T. Chang, A. Penson, N.D. Socci, R. Shen,
V.E. Seshan, J.E. Rosenberg, N. Schultz, M.F. Berger, G. Iyer, D.B. Solit,
H.A. Al-Ahmadie, B.S. Taylor
Writing, review, and/or revision of the manuscript: M.T. Chang, A. Penson,
E.K. Cha, C.M. Rudin, B.H. Bochner, J.E. Rosenberg, D.F. Bajorin, G. Iyer,
D.B. Solit, H.A. Al-Ahmadie, B.S. Taylor
Administrative, technical, or material support (i.e., reporting or organizing
data, constructing databases): M.T. Chang, N.B. Desai, R. Kundra, D.B. Solit,
B.S. Taylor
Study supervision: D.B. Solit, H.A. Al-Ahmadie, B.S. Taylor

Acknowledgments
The authors would like to thank the members of the Marie-Jos�ee and Henry

R. Kravis Center for Molecular Oncology for their assistance. This work was
supported in part through NIH awards T32 GM007175 (to M.T. Chang), P30
CA008748, UL1 TR024996, and R01 CA204749 (to B.S. Taylor); the Sontag
Foundation (to B.S. Taylor); the Robertson Foundation and Prostate Cancer
Foundation (toN. Schultz and B.S. Taylor); and Cycle for Survival (toD.B. Solit,
H.A. Al-Ahmadie, and B.S. Taylor).

The costs of publication of this articlewere defrayed inpart by the payment of
page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

Received September 13, 2017; revised October 23, 2017; accepted November
22, 2017; published first November 27, 2017.

Chang et al.

Clin Cancer Res; 24(8) April 15, 2018 Clinical Cancer Research1972

on October 22, 2019. © 2018 American Association for Cancer Research. clincancerres.aacrjournals.org Downloaded from 

Published OnlineFirst November 27, 2017; DOI: 10.1158/1078-0432.CCR-17-2655 

http://clincancerres.aacrjournals.org/


References
1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global cancer

statistics, 2012. CA Cancer J Clin 2015;65:87–108.
2. Knowles MA, Hurst CD. Molecular biology of bladder cancer: new

insights into pathogenesis and clinical diversity. Nat Rev Cancer
2015;15:25–41.

3. Al-Ahmadie HA, Iyer G, Lee BH, Scott SN, Mehra R, Bagrodia A, et al.
Frequent somatic CDH1 loss-of-function mutations in plasmacytoid var-
iant bladder cancer. Nat Genet 2016;48:356–8.

4. Cheng L, Pan CX, Yang XJ, Lopez-Beltran A, MacLennan GT, Lin H, et al.
Small cell carcinoma of the urinary bladder: a clinicopathologic analysis of
64 patients. Cancer 2004;101:957–62.

5. Quek ML, Nichols PW, Yamzon J, Daneshmand S, Miranda G, Cai J, et al.
Radical cystectomy for primary neuroendocrine tumors of the bladder: the
university of southern california experience. J Urol 2005;174:93–6.

6. Mukesh M, Cook N, Hollingdale AE, Ainsworth NL, Russell SG. Small
cell carcinoma of the urinary bladder: a 15-year retrospective review of
treatment and survival in the Anglian Cancer Network. BJU Int 2009;
103:747–52.

7. Siefker-Radtke AO, Kamat AM, Grossman HB, Williams DL, Qiao W, Thall
PF, et al. Phase II clinical trial of neoadjuvant alternating doublet chemo-
therapy with ifosfamide/doxorubicin and etoposide/cisplatin in small-cell
urothelial cancer. J Clin Oncol 2009;27:2592–7.

8. Abbas F, Civantos F, Benedetto P, SolowayMS. Small-cell carcinoma of the
bladder and prostate. Urology 1995;46:617–30.

9. Cancer Genome Atlas Research Network. Comprehensive molecular
characterization of urothelial bladder carcinoma. Nature 2014;507:
315–22.

10. Cheng DT, Mitchell TN, Zehir A, Shah RH, Benayed R, Syed A, et al.
Memorial sloan kettering-integrated mutation profiling of actionable
cancer targets (MSK-IMPACT): a hybridization capture-based next-gener-
ation sequencing clinical assay for solid tumor molecular oncology. J Mol
Diagn 2015;17:251–64.

11. Al-Ahmadie H, Iyer G, Hohl M, Asthana S, Inagaki A, Schultz N, et al.
Synthetic lethality in ATM-deficient RAD50-mutant tumors underlies
outlier response to cancer therapy. Cancer Discov 2014;4:1014–21.

12. Cerami E,Gao J,DogrusozU,Gross BE, Sumer SO, Aksoy BA, et al. The cBio
cancer genomics portal: an open platform for exploring multidimensional
cancer genomics data. Cancer Discov 2012;2:401–4.

13. Gao J, Aksoy BA, Dogrusoz U, Dresdner G, Gross B, Sumer SO, et al.
Integrative analysis of complex cancer genomics and clinical profiles using
the cBioPortal. Sci Signal 2013;6:pl1.

14. Dobin A, Davis CA, Schlesinger F, Drenkow J, Zaleski C, Jha S, et al. STAR:
ultrafast universal RNA-seq aligner. Bioinformatics 2013;29:15–21.

15. Engstrom PG, Steijger T, Sipos B, Grant GR, Kahles A, Ratsch G, et al.
Systematic evaluation of spliced alignment programs for RNA-seq data.
Nat Methods 2013;10:1185–91.

16. George J, Lim JS, Jang SJ, Cun Y, Ozretic L, Kong G, et al. Comprehensive
genomic profiles of small cell lung cancer. Nature 2015;524:47–53.

17. AlexandrovLB,Nik-Zainal S,WedgeDC,Aparicio SA, Behjati S, BiankinAV,
et al. Signatures of mutational processes in human cancer. Nature 2013;
500:415–21.

18. Alexandrov LB, Nik-Zainal S, Wedge DC, Campbell PJ, Stratton MR.
Deciphering signatures ofmutational processes operative in human cancer.
Cell Rep 2013;3:246–59.

19. Shen R, Seshan VE. FACETS: allele-specific copy number and clonal
heterogeneity analysis tool for high-throughput DNA sequencing. Nucleic
Acids Res 2016;44:e131.

20. Greenman CD, Pleasance ED, Newman S, Yang F, Fu B, Nik-Zainal S, et al.
Estimation of rearrangement phylogeny for cancer genomes. Genome Res
2012;22:346–61.

21. McGranahan N, Favero F, de Bruin EC, Birkbak NJ, Szallasi Z, Swanton C.
Clonal status of actionable driver events and the timing of mutational
processes in cancer evolution. Sci Transl Med 2015;7:283ra54.

22. Kim PH, Cha EK, Sfakianos JP, Iyer G, Zabor EC, Scott SN, et al. Genomic
predictors of survival in patients with high-grade urothelial carcinoma of
the bladder. Eur Urol 2015;67:198–201.

23. Cumberbatch MG, Rota M, Catto JW, La Vecchia C. The role of tobacco
smoke in bladder and kidney carcinogenesis: a comparison of exposures
and meta-analysis of incidence and mortality risks. Eur Urol 2016;
70:458–66.

24. Freedman ND, Silverman DT, Hollenbeck AR, Schatzkin A, Abnet CC.
Association between smoking and risk of bladder cancer among men and
women. JAMA 2011;306:737–45.

25. Kenfield SA, Wei EK, Stampfer MJ, Rosner BA, Colditz GA. Comparison of
aspects of smoking among the four histological types of lung cancer. Tob
Control 2008;17:198–204.

26. Zheng X, Zhuge J, Bezerra SM, Faraj SF, Munari E, Fallon JT III, et al. High
frequency of TERT promoter mutation in small cell carcinoma of bladder,
but not in small cell carcinoma of other origins. J Hematol Oncol
2014;7:47.

27. Dewhurst SM, McGranahan N, Burrell RA, Rowan AJ, Gronroos E, Endes-
felder D, et al. Tolerance of whole-genome doubling propagates chromo-
somal instability and accelerates cancer genome evolution. Cancer Discov
2014;4:175–85.

28. Zack TI, Schumacher SE, Carter SL, Cherniack AD, SaksenaG, Tabak B, et al.
Pan-cancer patterns of somatic copy number alteration. Nat Genet 2013;
45:1134–40.

29. Iyer G, Al-Ahmadie H, Schultz N, Hanrahan AJ, Ostrovnaya I, Balar AV,
et al. Prevalence and co-occurrence of actionable genomic alterations in
high-grade bladder cancer. J Clin Oncol 2013;31:3133–40.

30. Van Allen EM, Mouw KW, Kim P, Iyer G, Wagle N, Al-Ahmadie H, et al.
Somatic ERCC2 mutations correlate with cisplatin sensitivity in muscle-
invasive urothelial carcinoma. Cancer Discov 2014;4:1140–53.

31. Thota S, Kistangari G, Daw H, Spiro T. A clinical review of small-cell
carcinoma of the urinary bladder. Clin Genitourin Cancer 2013;11:73–7.

32. Fine SW. Neuroendocrine lesions of the genitourinary tract. Adv Anat
Pathol 2007;14:286–96.

33. Wick MR, Marchevsky AM. Neuroendocrine neoplasms of the lung: con-
cepts and terminology. Semin Diagn Pathol 2015;32:445–55.

34. Watson PA, Arora VK, Sawyers CL. Emerging mechanisms of resistance to
androgen receptor inhibitors in prostate cancer. Nat Rev Cancer 2015;
15:701–11.

www.aacrjournals.org Clin Cancer Res; 24(8) April 15, 2018 1973

Pathogenesis of Small-Cell Bladder Cancer

on October 22, 2019. © 2018 American Association for Cancer Research. clincancerres.aacrjournals.org Downloaded from 

Published OnlineFirst November 27, 2017; DOI: 10.1158/1078-0432.CCR-17-2655 

http://clincancerres.aacrjournals.org/


2018;24:1965-1973. Published OnlineFirst November 27, 2017.Clin Cancer Res 
  
Matthew T. Chang, Alexander Penson, Neil B. Desai, et al. 
  
by a Convergent but Distinct Pathogenesis
Small-Cell Carcinomas of the Bladder and Lung Are Characterized

  
Updated version

  
 10.1158/1078-0432.CCR-17-2655doi:

Access the most recent version of this article at:

  
Material

Supplementary

  
 http://clincancerres.aacrjournals.org/content/suppl/2018/03/16/1078-0432.CCR-17-2655.DC2

Access the most recent supplemental material at:

  
  

  
  

  
Cited articles

  
 http://clincancerres.aacrjournals.org/content/24/8/1965.full#ref-list-1

This article cites 34 articles, 10 of which you can access for free at:

  
Citing articles

  
 http://clincancerres.aacrjournals.org/content/24/8/1965.full#related-urls

This article has been cited by 5 HighWire-hosted articles. Access the articles at:

  
  

  
E-mail alerts  related to this article or journal.Sign up to receive free email-alerts

  
Subscriptions

Reprints and 

  
.pubs@aacr.org

To order reprints of this article or to subscribe to the journal, contact the AACR Publications Department at

  
Permissions

  
Rightslink site. 
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)

.http://clincancerres.aacrjournals.org/content/24/8/1965
To request permission to re-use all or part of this article, use this link

on October 22, 2019. © 2018 American Association for Cancer Research. clincancerres.aacrjournals.org Downloaded from 

Published OnlineFirst November 27, 2017; DOI: 10.1158/1078-0432.CCR-17-2655 

http://clincancerres.aacrjournals.org/lookup/doi/10.1158/1078-0432.CCR-17-2655
http://clincancerres.aacrjournals.org/content/suppl/2018/03/16/1078-0432.CCR-17-2655.DC2
http://clincancerres.aacrjournals.org/content/24/8/1965.full#ref-list-1
http://clincancerres.aacrjournals.org/content/24/8/1965.full#related-urls
http://clincancerres.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://clincancerres.aacrjournals.org/content/24/8/1965
http://clincancerres.aacrjournals.org/


<<
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /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 [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice




