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Abstract

Invasive bladder cancer, for which there have been few therapeutic advances in the past 20 years,
is a significant medical problem associated with metastatic disease and frequent mortality.
Although previous studies had identified many genetic alterations in invasive bladder cancer,
recent genome-wide studies have provided a more comprehensive view. Here we review those
recent findings and suggest therapeutic strategies. Bladder cancer has a high mutation rate,
exceeded only by lung cancer and melanoma. About 65% of all mutations are due to APOBEC-
mediated mutagenesis. There is a high frequency of mutations and/or genomic amplification or
deletion events that affect many of the canonical signaling pathways involved in cancer
development: cell cycle, receptor tyrosine kinase, RAS, and PI-3-kinase/mTOR. In addition,
mutations in chromatin-modifying genes are unusually frequent in comparison with other cancers,
and mutation or amplification of transcription factors is also common. Expression clustering
analyses organize bladder cancers into four principal groups, which can be characterized as
luminal, immune undifferentiated, luminal immune, and basal. The four groups show markedly
different expression patterns for urothelial differentiation (keratins, uroplakins) and immunity
genes (CD274, CTLA4), among others. These observations suggest numerous therapeutic
opportunities, including kinase inhibitors and antibody therapies for genes in the canonical
signaling pathways, histone deacetylase inhibitors, novel molecules for chromatin gene mutations,
and immune therapies, which should be targeted to specific patients based on genomic profiling of
their cancers.
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Introduction

Bladder cancer is a major cause of morbidity and mortality worldwide, with about 380,000
new cases and 150,000 deaths per year (1). It is notable among the common cancers in that
both pre-invasive and invasive forms of the disease are commonly diagnosed. Non-muscle
invasive bladder cancer (NMIBC), in which the smooth muscle layer surrounding the
bladder is not invaded by tumor, accounts for about 80% of all bladder cancer diagnoses (1).
NMIBCs (Ta and T1) include both low and high-grade papillary tumors, and carcinoma in
situ, a flat high-grade tumor. NMIBC treatment consists of intravesical chemo- or
immunotherapy and requires regular cystoscopic monitoring for early detection of
recurrence and/or progression to invasive disease. Muscle-invasive bladder cancer, hereafter
termed invasive bladder cancer, is characterized by a high risk of metastases to regional
pelvic lymph nodes and visceral sites, and is usually incurable despite systemic
chemotherapy. Unfortunately, treatment of invasive bladder cancer has progressed little in
the past two decades (2).

Past studies have identified multiple genes as commonly mutated in bladder cancer,
including TP53 (3), RB1 (4), TSC1 (5), FGFR3 (6), and PIK3CA (7,8). Many genomic
regions of gain and loss have also been identified (1,9).

A comprehensive review of the molecular pathogenesis of bladder cancer was recently
published (1). Here we focus on insights derived from the NIH NCI TCGA bladder cancer
program (10) and other recent genome-wide analyses that include whole exome sequencing
(11-13).

High Mutation Rate in Bladder Cancer Due to APOBEC-Type Mutagenesis

TCGA analysis of 130 invasive bladder cancers revealed a relatively high rate of mutation, a
mean of 7.7 and median of 5.5 per Mb within coding regions, amounting to 302 protein-
coding mutations per cancer (10). Lung adenocarcinoma, lung squamous cell carcinoma,
and melanoma are the only major cancers studied by TCGA that have higher mutation rates.
For those cancers the causes are thought to be cigarette carcinogen mutagenesis (lung
cancer) and sunlight UV mutagenesis (melanoma) (14). Unexpectedly, the association
between smoking history and mutation rate or mutation spectrum in TCGA cohort was
rather weak (10), despite the known epidemiologic association between cigarette smoking
and bladder cancer. In TCGA data, many mutations seen in bladder cancer were TCW->
TTW or TGW changes (nucleotide subject to change is underlined, W=A/T), a class of
mutation probably mediated by one of the DNA cytosine deaminases in the APOBEC gene
family (15,16).

To examine mutational categories and processes in greater detail, we performed Bayesian
non-negative matrix factorization (Bayesian-NMF) analysis (17) (note that ref. 17 describes
the original algorithm; full details of the method and its implementation will be described
elsewhere) of the mutations stratified by 96 tri-nucleotide contexts in 238 TCGA bladder
cancer specimens (Fig. 1), which were downloaded from Broad GDAC firehose. While
conventional NMF requires the number of signatures as an input, Bayesian-NMF
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automatically prunes away irrelevant components that do not contribute to explaining
observed mutations and effectively determines the appropriate number of signatures and
their sample-specific contributions. That analysis identified five distinct patterns of
mutagenesis operating among 73301 single nucleotide variants (SNVs) in 238 bladder
cancers (Fig. 1A). Two are variations of the APOBEC mutation signature, one consisting of
C>T mutations in the TCW context (“APOBEC2” — 17% SNVSs), and the other consisting of
both C>T and C>G mutations in the consensus (“APOBEC1” — 48% SNVSs). In contrast to
other signatures the third common mutation pattern (“Unknown”) is relatively non-specific
in terms of site and context and had a broad spectrum of base changes. 18% SNVs were
associated with this signature of uncertain origin. The fourth pattern is the well-known C>T
transition at CpG sites (“C>T_CpG” — 10% SNVs). Interestingly, one sample with an ultra-
high mutator phenotype (> 4000 SNVs) had a POLE (DNA polymerase epsilon catalytic
subunit) mutation commonly seen in colon and endometrial cancers (P286R), and a
predominance of C>A mutations at TCT and C>T mutations at TCG sites (“POLE” — 8%
SNVs). Figure 1B demonstrates that the number of mutations is highly variable among
individual bladder cancers, as is the mutation signature. Overall the APOBEC mutation
pattern, with APOBEC1 and APOBEC?2 signatures, accounts for about 65% of all point
mutations, and is predominant in cancers with high mutation burdens apart from the single
POLE hyper-mutated sample. However, there are some cancers with APOBEC mutation
signature contribution as low as 5% (Fig. 1B). APOBEC3B is expressed at relatively high
levels in all bladder cancers (10), and may be the mediator of APOBEC signature mutations
(18). Notably, independent analysis of a smaller data set (n=30), but including whole
genome sequencing data for 4 samples, indicated that there was a strong APOBEC signature
in 37% of bladder cancer, medium in 28%, and weak in 37% (19).

Genes Commonly Mutated in Bladder Cancer

To identify genes that are statistically significantly mutated in bladder cancer, we combined
mutation data sets from TCGA (238 invasive cases) (10), the Beijing Genomics Institute
[(BGI); 62 invasive cases and 37 NMIBC] (11), the CNIO (Spanish National Cancer
Research Centre), (2 invasive and 15 NMIBC) (12), and the Dana-Farber Cancer Institute/
Broad Institute (50 invasive cases) (13). Thirty-four genes were identified as being
significantly mutated using Mutsig 2CV (20) (Fig. 2, Table 1) on this combined set of
cohorts (not including the CNIO cohort due to unavailability of synonymous mutations),
with rates of mutation varying from a high of 44% in TP53 to a low of 2% in IRS4. Many
other large genes had rates of mutation as high as 11% (e.g. CREBBP (11%), MLL3 (11%),
ATM (9%), NF1 (7%), and FBXW?7 (6%)), but were not identified as statistically
significantly mutated since the number of mutations that are expected to be random events
(‘noise’) grows in proportion to the size of a gene. Statistically significantly mutated genes
grouped into several different categories (Table 1). Genes related to receptor tyrosine kinase
function including several kinases were significantly mutated (n=7), as were those involved
in chromatin regulation (n=6), transcription (n=5), and cell cycle regulation (n=4). The list
of genes is similar to that reported previously from analysis of individual data sets (10,11).
Many pairs of genes from the list showed patterns of co-occurrence of mutations, including
TP53 and RB1, STAG2 and FGFR3, MLL2 and NFE2L2, KDM6A and FGFR3, and
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ERBB3 and ERBBA4, all with g < 0.003 (Fisher exact test with FDR correction used for these
and subsequent analyses). Only a few pairs showed patterns of mutual exclusivity, TP53 and
any RAS gene, and RB1 and FGFR3, g < 0.02.

The combination of both NMIBC and invasive bladder cancers in this analysis enabled
assessment of differences in mutation rate between the two (Table 1). MLL2 mutation was
seen at a much higher rate in invasive bladder cancer (19% vs. 6% in NMIBC, p=0.007,
g=0.13), as was TP53 mutation (47% in invasive vs. 22% in NMIBC, p=0.0004, q=0.016).
Mutations in KDMG6A were seen more commonly in NMIBC (43% vs. 23% in invasive
bladder cancer, p=0.0032, q=0.12). Many previous studies have investigated differences in
mutation frequency between NMIBC and invasive bladder cancer (1). In past studies,
FGFR3 mutation was much more common in low grade NMIBC than in invasive cancer
(~70% vs. ~12%), while TP53 mutation was much more common in invasive cancer than
low grade NMIBC (~40% vs. ~7%) (1). A recent small series identified a higher rate of
mutations in KDM6A in NMIBC (65% in 30 NMIBC vs. 33% in 18 MIBC), concordant
with our findings, as well as a higher rate of mutations in TP53 in MIBC (56% of 18) vs.
NMIBC (5% of 20) (19). (These data were not included in our pooled analysis due to lack of
availability of the primary data.) Our observations based on these pooled genome-wide
studies support mutation in TP53 as being a key factor differentiating invasive bladder
cancer from non-invasive disease. However, differences in FGFR3 mutation were not seen.
The observed differences in MLL2 and KDM6A mutation rates between the two stage
groups of bladder cancer are relatively novel. They suggest that different chromatin gene
mutations contribute to the two different stage groups. However, these observations may be
due in part to differences in the histologic characteristics of the NMIBC, or in the patient
populations pooled for this analysis, or technical factors in the NGS analysis, and further
study is required.

Amplification, Deletion, and Other Genomic Events in Bladder Cancer

Many comprehensive studies have identified numerous genomic amplification and deletion
events occurring in bladder cancer (1,9). These findings were confirmed and extended in the
recent TCGA analysis based upon Affymetrix SNP profiling and low-pass whole genome
sequencing, both analyzed by GISTIC (21). Thirteen genes were targets of focal deletion
and 19 were targets of focal amplification (Table 1). The majority of those genes fall into the
same categories as those for which mutations are seen, including cell cycle, chromatin
regulation, receptor tyrosine kinase signaling, and transcription.

In TCGA data set, 3 (2%) invasive bladder cancers contained FGFR3-TACC3 fusion
sequences (11), a chromosomal translocation identified previously in bladder cancer (22).
These fusion proteins are highly transforming. They have now been seen in multiple cancer
types, and cancers bearing them may be especially sensitive to FGFR3 inhibitors. Four (3%)
cancers had fusions involving ERBB2 and various other genomic regions, of uncertain
functional significance (11).
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Subsets of Bladder Cancer Based upon Expression Profiling

Several recent studies have performed comprehensive gene expression profiling analysis of
high grade or muscle invasive bladder cancer and used unsupervised hierarchical clustering
to define expression pattern subtypes (10,23-26). Although the findings from those analyses
have not been completely uniform, there is considerable similarity. The Sjodahl report
(2012) identified 5 expression subtypes, Urobasal A and B, genomically unstable, squamous
cell carcinoma-like (SCC-like), and infiltrated (referring to the presence of non-tumor cells)
(26). A subtype termed basal was identified by all of the other studies (10,24,25), and is
characterized by expression of keratins KRT5, KRT14, and KRT6A/B/C, as well as HES2
and MYC, indicative of a basal or stem cell phenotype, and is similar to the SCC-like
subtype of Sjodahl. The three later studies also identified a ‘Luminal’ expression subtype,
so-called because of its similarity to breast cancer luminal subtypes, characterized by high
expression of FGFR3, the uroplakin genes, KRT20, and transcription factors PPARG,
GATA3, FOXAL, and RXRA. The Luminal subtype was similar to the Urobasal A subtype
in the Sjodahl study. Another subtype, p53-like was also identified in one of these studies
(24). All of these analyses for which prognostic information was available showed the basal
subtype to be associated with poorer prognosis, and the luminal subtype to be associated
with more favorable prognosis (23-26).

To examine patterns of expression in invasive bladder cancer in greater detail, we performed
unsupervised hierarchical clustering (27) on 238 TCGA bladder cancers for which both
RNA-Seq and whole exome sequencing mutational analysis had been performed (Fig. 3).
That analysis gave results similar to those published on the 131 samples (10) (Rand index =
0.82), and identified 4 different subtypes, splitting the luminal and basal subtypes into two
further subtypes each. 41% of the invasive cancers were in the Luminal subtype (red, Fig. 3)
with high expression of KRT20 and UPKs 2/1A/1B/3A, as well as moderate to high
expression of multiple pertinent transcription factors (KLF5, PPARG, GRHLS5). The
Luminal subtype was enriched in male patients, papillary histology, and Stage Il tumors, and
is similar to the previously identified luminal (10,24,25) and urobasal A (26) subtypes. 29%
of the invasive bladder cancers were in the Basal subtype (blue, Fig. 3) with high expression
of KRT14, KRT5, KRT6A/B, and KRT16, and low expression of all uroplakins, consistent
with a basal or undifferentiated cytokeratin expression pattern. Consistent with previous
studies, the basal subtype expressed TP63, TP73, MYC, and EGFR, as well as TGM1 and
SCEL, indicative of some degree of squamous differentiation (10,24-26). The Basal subtype
was enriched in female patients and non-papillary histology, and also expressed many
immune genes at intermediate and somewhat variable levels, including CTLA4 and CD274
(encodes PD-L1), suggestive of immune cell infiltration. 11% of the cancers grouped into a
novel subtype that we term Immune Undifferentiated (green, Fig. 3). Those cancers showed
very low expression of luminal markers, with variable expression of basal cytokeratins, and
relatively high level expression of many immune genes, including CTLA4 and CD274,
suggesting significant immune cell infiltration and possible immune evasion (see further
below). Last, the Luminal Immune subtype (18%) (orange, Fig. 3) was characterized by
expression of Luminal genes (cytokeratins and uroplakins), and intermediate expression of
immune genes, and was enriched for Stage N+ tumors. The Luminal subtype was enriched
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in cancers with mutations in FGFR3, and amplification events involving PVRL4 and
YWHAZ, whereas the Basal subtype was enriched in mutations in NFE2L2 (all with p <
0.02 and g < 0.2) (Fig. 3). Furthermore, both Luminal Immune and Immune
Undifferentiated subtypes had a high level of expression of ZEB1, ZEB2, and TWIST1
characteristic of epithelial-to-mesenchymal transition (EMT).

Therapeutic Targets in Invasive Bladder Cancer

Those observations, along with continuing drug development by pharma, has led to a large
number of potential therapeutic opportunities for invasive bladder cancer.

First, the high frequency of mutations and genomic deletions affecting chromatin regulatory
genes in bladder cancer, higher than in any other epithelial malignancy (11), suggests that
therapies targeted at the effects of those mutations could be useful. Mocetinostat, an oral
second-generation HDAC inhibitor, is currently being assessed in a clinical trial for invasive
bladder cancers with mutations in either EP300 or CREBBP (28). Further pharmaceutical
development of agents that target those mutations is needed and is actively being pursued.

Second, mutations and genomic deletion or amplification events that affect the cell cycle are
very common in bladder cancer. Those include alterations of TP53 and the cyclin-dependent
kinase inhibitors CDKN1A and CDKN2A (Fig. 4A). Both CDNK2A loss and amplification
of cyclin D1 (gene symbol CCND1) can be targeted by agents in development that are
CDKA4/6 inhibitors, including palbociclib (29). MDM2, amplified in 8% of invasive bladder
cancer, is also a therapeutic target of several drugs in development. CDKN1A mutation,
although extremely rare in other cancer types, is seen in 14% invasive bladder cancer, and
occurs with concurrent TP53 mutation about half the time (30). Concurrent loss of
CDKNZ1A and TP53 has been shown in cell line and mouse xenograft models to lead to
marked sensitivity to combined treatment with gemcitabine and a CHKZ1 inhibitor, such as
PF477736, suggesting potential clinical utility (30).

Third, the PI3K-AKT-mTOR pathway is commonly subject to mutation in invasive bladder
cancer (Fig. 4B). Multiple agents are in clinical development to target P13-kinase (gene
name PIK3CA), one of the genes most commonly mutated in bladder cancer. Though less
common than PIK3CA mutations, mutations in TSC1 are well-known in bladder cancer (5),
and they have been shown in at least some cases to lead to dramatic sensitivity to treatment
with mTOR kinase inhibitors, such as everolimus (31). Further studies are underway to
define the precise clinical and genetic characteristics of response to mTOR inhibition in
bladder cancer.

Fourth, the extent of involvement of the receptor tyrosine kinase-RAS-ERK signaling
pathway involvement in invasive bladder cancer has recently become much more evident
(Fig. 4C). Both FGFR3 and all the members of the ERBB family are affected by either
activating mutations or amplification events (Fig. 4C). Drugs that target those genetic
abnormalities are at various stages of clinical development, and arguably, FGFR3-activating
mutations and gene fusions are the most promising targets among those genes. Clinical trials
of FGFR3 kinase inhibitors against bladder and other cancers are ongoing (32).
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Last, immune therapy has shown considerable promise for invasive bladder cancer. A recent
report indicated that one immunomodulatory treatment approach, use of the humanized anti-
PD-L1 monoclonal antibody MPDL3280A, had significant activity in bladder cancer (33).
Of those patients whose bladder tumors contained high amounts of tumor-infiltrating cells
expressing PD-L1 as assessed by immunohistochemistry, 13 of 25 (52%) demonstrated an
objective response by 12 weeks on therapy, and the response was ongoing (33). These
results build upon a large and growing body of evidence that immune evasion through
cancer-induced immunosuppression, often through activation of immune checkpoints, is an
important factor in cancer progression (34). For example, both cytotoxic T-lymphocyte
associated antigen-4 (CTLA4) and programmed death-1 (PD-1) receptor expressed by T
cells can be engaged by corresponding receptor molecules on cancer cells (e.g. PD-L1) or
other immune cells, to block lymphocyte activity directed at cancer cells (34). Hence
antibodies that block such interaction, directed at either of the interacting molecules, can
interfere with cancer checkpoint blockade, leading to native immune cell attack on the
cancer, and therefore, to clinical response. The relatively high level of immune gene
expression by some bladder cancers, including CTLA4 and CD274 (encoding PD-L1) (Fig.
3) is consistent with the hypothesis that a subset of bladder cancers are characterized by
immune suppression, and will be sensitive to immune modulatory therapy. Clinical trials of
multiple immune therapy agents are in progress for bladder cancer (2,28). Based upon our
current analyses, it appears that the Immune Undifferentiated and Basal subtypes of bladder
cancer will be the most promising subtypes for immune checkpoint therapy (Fig. 3).
However, further analysis is urgently needed so that these therapies can be applied with the
most precision and effectiveness in bladder cancer.

Conclusions

Invasive bladder cancer is characterized by a high overall mutation rate, which appears to be
explained mainly by APOBEC-mediated mutagenesis. Both well-known and relatively
novel cancer genes are commonly affected in invasive bladder cancer by mutation, genomic
amplification/deletion, or both. Genes affected include those involved in transcription,
chromatin regulation, receptor tyrosine kinase signaling, PI3K-mTOR signaling, RAS, and
the cell cycle. Expression profiling studies are consistent in the identification of two main
subtypes of bladder cancer, broadly definable as basal and luminal. Basal tumors are less
differentiated, more aggressive, and more lethal; luminal tumors are more differentiated and
show higher expression levels of uroplakins and FGFR3. Expression clustering reveals
additional subtypes within the two main groups, and, quite significantly, the subtypes differ
in immune gene expression and EMT marker expression.

The future is looking bright for therapeutic advances in bladder cancer. There are many
promising targets and drugs in development that should be deployed in mutation- and
expression-specific fashions, as per the “precision medicine” paradigm. Promising
therapeutic agents directed against the cell cycle, receptor tyrosine kinase pathway, and
PI3K-mTOR pathway mutations are in hand. Mutations in chromatin regulatory genes are
promising targets for which further pharmaceutical development will be required. Immune
checkpoint agents, already in the clinic, also show promise, and the expression/mutational
subtypes defined above may aid both our pre-clinical and clinical progress with them.
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Mutation signatures in TCGA BLCA 238 samples
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Figurel.

||||| |||
Mutation signatures in 238 muscle-invasive TCGA bladder cancers. A. Bayesian NMF (17)
was used to identify five patterns of mutation that occur in bladder cancer genomes. Two of
them match the APOBEC pattern, TCW-> TTW or TGW. The uppermost signature,
APOBEC1, consists of both C>T and C>G mutations, whereas the next, APOBEC2,
consists of only C>T mutations. The third mutation signature is that of CpG > TpG, the
fourth is a POLE signature, and the fifth signature identified by NMF analysis is of
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unknown origin. The y axis gives the number of mutations of each type at each specific
sequence.

B. Graph of the total number of mutations associated with five mutation signatures (upper
panel) and relative proportion of mutation types (lower panels) seen in each TCGA bladder
cancer sample.
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Figure 2.
Significantly mutated genes (SMGs) identified in 404 cases of bladder cancer. Mutation data

used was from TCGA (238 invasive cases) (10), the Beijing Genomics Institute (62 invasive
cases and 37 NMIBC: 28 T1NO, 2 T1bNO, 1 TINx, 6 TaNO) (11), the CNIO (Spanish
National Cancer Research Centre), (2 invasive and 15 NMIBC: 3 TaG1, 2 TaG2, 1 TaG3, 3
T1G2, 6 T1G3) (12), and the DFCI/Broad (50 invasive cases) (13). Sequentially from top to
bottom: mutation rate, mutation spectrum, non-muscle invasive (NMI) vs. muscle-invasive
(M), source of data, and genes with statistically significant levels of mutation (MutSig 2CV
(19) false discovery rate < 0.1) sorted by g value are shown. Colors indicate different
mutation types, shown at bottom. The total number of mutations and the percent of samples
with mutation in each gene are shown at left. The CNIO data were not included in MutSig
analysis to identify SMGs. Mutations seen at allele fraction < 5% were not included. Five
genes (FAMB82A2, STK39, ATP8P2, ZNF83, GLT6D1) identified by Mutsig were also
deleted due to suspicious mutation patterns. Note that bar plots at the top are truncated for a
few cancers.
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Figure 3. Expression clustering identifies four different types of bladder cancer. Unsupervised
hierarchical clustering (27) was performed on 238 TCGA bladder cancersusing RNA-Seq
RSEM expression values for the 3,000 most variable genes. M utation and copy number change
data were also availablefor the 238 samples

A. Mutation rate and type, histological subtype, smoking status, gender, and tumor stage are
shown.

Four clusters were identified, red (Luminal), orange (Luminal Immune), blue (Basal), and
green (Immune Undifferentiated). Four samples without complete data were not included in
the clustering and are shown in gray (right).

B. Genes with statistically significant levels of mutation, as identified in Figure 3, and
mutation rates > 10% are shown, with mutation types.

C. Genomic regions with statistically significant focal copy number changes (GISTIC2.0)
(21) are shown; limited to deletions seen in > 15% of samples, and amplifications seen in =
5% of samples. ‘Copy number’ refers to absolute copy number. The asterisk indicates that
the gene listed is one among many within an amplification peak.

D. RNA expression levels for selected genes, chosen to reflect luminal vs. basal
differentiation, and for roles in the immune system, are expressed as fold change from the
median value for all samples. Gene fonts are color-coded to indicate gene class, and
correlate with expression subtypes.

Note that bar plots at the top are truncated for a few cancers.

EMT, epithelial-to-mesenchymal transition; SCN, somatic copy number alterations.
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Cell cycle gene mutations and genomic changes in MIBC
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PISK-AKT-MTOR pathway in MIBC
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Figure 4. Pathways, potential therapeutic targets, and possible inhibitorsfor invasive bladder
cancer

Genes that drive growth or cancer progression are shown in green. Genes that are tumor
suppressors and act to prevent growth or progression are shown in red. Beneath each gene
symbol, the number on the left indicates the frequency of inactivating (red) or activating
(green) mutation, the number on the right indicates the frequency of copy number loss (red)
or amplification (green). Classes of inhibitors and their targets are shown with blunt arrows
indicating the components they inhibit.

A. Cell cycle. B. PI3K-AKT-mTOR pathway. C. RTK-RAS-ERK pathway (asterisk
indicates not erlotinib).

Clin Cancer Res. Author manuscript; available in PMC 2016 October 15.



Page 17

€€2¢90 88120 T 68¢6°0 %S JA) % T %t 8T unewotyd Tamdg
91180 %9290 T 96190 %t €T %t [4 %t ST Jsyio  DLYINVA
G650 €052°0 T 88€6°0 %S 8T %c T %S 6T uonduosues S4T™
9//80 ¥829°0 T §695°0 %6 [43 %6 S %6 JAS RS ¢dg4d3
28750 LT 0 T T %€ 4% %0 0 %€ 4% Ald 749491
¢EEE0 1500 T L186°0 %cCT 1474 %t 4 %11 15974 RS} €d943
9//80 69TL0 T 10850 %€ [4) %t 4 %€ 14 Svd SYHM
69EET0 ¥0200°0 T 66660 %61 19 %9 € %LT 0L unewoIyd 1IN
€G¢.°0 66T7'0 T 50280 % €T %< T %€ 14 RS} E0HAL
6¥¢80 68550 T ¢1eL0 %S 97 %t 4 %t 8T uonelbiw VYOHY
6¥¢8°0 68550 T ¢1eL’o %S 91 %t [4 %t 8T uonesBiw dOHY
91180 SYTL0 T L66¥°0 %L €¢ %L % %L Y4 uonduosues vaxd
€756'0 G/€8°0 T 61820 %ET Sy %L1 6 %ET ¥S unewotyd 00€d3
88660 L0660 26910 L¥20°0 %TT 6¢ %cc el %ET T8 Ald €4494
88660 €T1.6'0 6E€8°0 85900 %cCT 1474 %0¢ 17 %ET ¢S uoiehalbas "1yd C¢OV1S
¢EEE0 92500 T T %9 0C %0 0 %S 0¢ 31Ka 190 WZNMAD
28750 S691°0 T ¥5€6°0 %TT 8¢ %9 € %0T 144 Jredas wNQ [40)0}-E]
185990 0¥9€0 T 88G.°0 %¥e €8 %0¢ 17 %EC ¥6 ulewolyd  vidiyv
¢Sv6'0 0960 T ¢9T€0 %02 TL %t €T %1¢ ¥8 HOLW-MEId VvOoeMId
Ivey'o ¥680°0 T L€96°0 %L1 19 %6 S %97 99 8J949 192 194
¢EEE0 89700 T 6¢66°0 %6 4 %< T %8 €€ 319Kd 190 WINMAD
G650 1120 T ¢e160 %L 9 %t 4 %L 8¢ uonduosuen  T19ed4Z
8866°0 88660 62210 2€000 %ET 8 %EY €eC %9¢ S0T unewolyd  YINAaMA
€990 8TEE0 T S0€8°0 %TT L€ %L % %0T 1474 uonduosues €413
98560 62880 T L1S2°0 %9 TC %6 S %9 9 Svd SVYH
¥85T0°0 ¥000°0 T 66660 %Ly 79T %c2 4} %y 9T 8J94d 192 €5d1
=b =d =b =d BAISBAUI 95 BASBAUISUOITRINWH  DFIINN %  DdIINNSUOITeINW #  SuolfelInW  SUOIRINW # [e10 | AiobBore)n 3o
SABBAUI  9ASBAUL  DEIAN  DEIAN unm
ur BYBIH Ul BYBIH Ul BYBIH Ul BYBIH so|dwes 9%

pereInw Apueoiyubs se palynuspl ssusD)

Kim et al.

Jaoued Jappe|q ul abueyd Jaquinu Adod [ea0y 01193lgns 1o pareinw Ajpuesiyiubis Bulaq se paiyiuapl sauss

T alqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Clin Cancer Res. Author manuscript; available in PMC 2016 October 15.



Page 18

GT Ge uonduosues 42
6 (14 uonelbiw 21ao
1 14 uonduiosues TOXO04
€1 0 ajls 9|1Beiy LIHd
4 o1 MLY €4494
ST 9 sisow TY3S00
g 4! MLY zgay3
L LT MLY d493
81 I J1019e} uonebuo|3 €43
91 8¢ uneWoIYd dgg340
57 00T 31940 |2 VZNMAd
6 44 3JoAd |189 TaNDOD
1 9 31040 189 TANDD
4 01 sisoydode €odlg
€ 8 unBWOoIYd €aNag
1) ve sisoydode 11271089
g 4! uneWoIYd VIay
abueyd ND [e204 yimsajdwes o  abueyd ND [e20) # [e10 1 AioBere)  |joquifsaue

abueyd Jaquinu Adod [ed04 01 199[gNs saue)

Kim et al.

¥8G8L°0 [7A141} T 96€L°0 %6 [43 %L % %6 9e uonelbiw *OHY
€756°0 6€58°0 T €5.2°0 %6 €€ %ET L %0T oy Svd *SVd
28750 02020 T T %€ 7 %0 0 %€ 7 unewolyd Tadain
28750 ¢0ST'0 T T % €T %0 0 %€ €T Jsyio 0£410€D0
Z8vS'0 0¢0C'0 T T %e 7 %0 0 %€ 7 Jsyio TLIHD
over'0 12800 T T %S LT %0 0 %t LT uonduosues ¢1234N
6¥¢80 7950 T 09290 %9 [44 %9 € %9 S¢ HOLW-MEId TOSL
2€59°0 8EYE0 T 6€06°0 %t ST %2 T %Y 9T uone|nBal SOy dINXL
€990 6ETE0 T T %c 8 %0 0 %< 8 RS} Sl
0€ES0 29¢T'0 T ¥G.6°0 %L ve %< T %9 S¢ RS yd943
=b =d =b =d SAISBAUl 05 BAISeAUlsUOIleINW#  DGIINN %  OgIWNSuUOIeINW #  SuolfeInw  SuolfeInW # [elo | KioBered EIICE)
aAIseAUl aAIseAul OdIIAN OdIIAN yum
ureYBiH  ureybiH  uleybiH Ul BYBIH so|dwes 9

pareInw Apuedyuls se palynuspl soueD

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Clin Cancer Res. Author manuscript; available in PMC 2016 October 15.



Page 19

Kim et al.

"aseuIy| auIS0.A) J01dadal H 1 Y ‘uoirehaifias awosowolyd ‘uolebalfas “1yd suoneIABIqaY
GOHY 10 YOHY suesw OHY

SVYH 10 SVYM suesWl SV

:pateaipul sadA} 8y} JO SUOITEINW JO UOIUN S310USP YSHAISe ay |

‘suoireINw Ynm sausb Jo seriofayed [euonouny Juaapip ays ybiybiy uwnjod Aiofs1ed,, 8yl ul $10]109 Juaiaiip au} ‘ureBy "uoNaIap S8lousp an|q ‘uomedijijdwe sajousp abueyd Jaquinu
Adod 01 108[gns sauab 1o} uwinjod |oquiAs auas),, ay ul 10jod pal ayl ‘(12) 0'2D1LSIO AQ paisiuapl se ‘uonajap 10 uonedyyijdwe Jayus ‘ebueyd Jaquinu AJod Ul paAjoAUL S PaliIuap! SauUds) :wonog

‘(z'0 > b) Jueayubis are

ey sanfeA b asoys pue ‘(500 > d) Jueayiubis Ajfeurwou aie yeys sanjea d asoyl s)ybrjybiy suwnjod Jayio sy} Ul J0jod uaaih sy "suorenw yum sausb Jo saliobared [euoriouny Jusiapip ayl ajedlpul pajeinw
Apueanyiubis Bulaq se painuapl sausb 1oy uwinjod , A10691eD),, Y1 Ul S10]02 JUBIBLIP BYL "IX8) pue puaba] T "Bi4 8yl ul pagiiasap se ‘(SAISBAUl 8]9SNL-UOU G pUR dAISBAUl 0GE) SIa0urd Jappe|d 701 40
sisAeue wody ((02) ADz BIsINIA) 18oued Jappe|q ul paleinw Ajjuediiubis se palyiauapl Sauss) "1adued Jappe|q ul abueyd Jaquinu Adod [ea0y) 01 193(gns Jo pajeinw Apuesisiubis Bulaq se paiiauapl sauss :do |

01 ve uonduiosues €024NZ
@ 15 eRZ-g-€-7T ZVHMA
qT Ge aylo XOMM
81T a7 uonduiosues ¥X0S
LT 6 3J0Ad 189 19y
LT or suonoeJaul 719
XUIRIN
€1 0 HOLN-MEId N3.Ld
14 6 *0 aseuny utajoud 10M¥4d
T ve uonduiosues 94vdd
@ fas) dIAV2 arvaad
124 1S uneWoIyd THOON
9 €1 uonduiosues TOAN
T 1€ uonduosues) IAIN
6 1C 31940 |19 ZNan
1T 6 uoneibiw ardy
abueyo ND [e20) yimsajdwes o  abueyo ND [e20) # [10 1 AioBere)  |joquifsaue

abueyd Jsquinu Adod [e204 01 198[gNs saueD

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Clin Cancer Res. Author manuscript; available in PMC 2016 October 15.



