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Abstract

Background: Gene expression changes within the Hippo pathway were found to be associated
with large tumor size and metastasis in breast cancer. The combined effect of genetic variants in
genes of this pathway may have a causal role in breast cancer development.

Methods: We examined 7,086 SNPs that were not highly correlated (2 < 0.8) in 35 Hippo
pathway genes using data from the genome-wide association study of breast cancer from the Root
Consortium, which includes 3,686 participants of African ancestry from Nigeria, United States of
America, and Barbados: 1,657 cases (403 estrogen receptor-positive [ER+], 374 ER-) and 2,029
controls. Gene-level analyses were conducted using improved AdaJoint test for large-scale genetic
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association studies adjusting for age, study site and the first four eigenvectors from the principal
component analysis. SNP-level analyses were conducted with logistic regression.

Results: The Hippo pathway was significantly associated with risk of ER+ breast cancer
(pathway-level £=0.019), with WIWCI (P,y;= 0.04) being the leading gene. The pathway-level
significance was lost without WIWC1 (P=0.12). rs147106204 in the WW(CI gene was the most
statistically significant SNP after gene-level adjustment for multiple comparisons (OR = 0.53,
95% CI = 0.41-0.70, Pg;=0.025).

Conclusions: We found evidence of an association between genetic variations in the Hippo
pathway and ER+ breast cancer. Moreover, WW(CI was identified as the most important genetic
susceptibility locus highlighting the importance of genetic epidemiology studies of breast cancer
in understudied populations.
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1 INTRODUCTION

The Hippo pathway is an evolutionarily conserved regulator of tissue growth and cell fate
during development and regeneration.[1] Mutation and deregulation for a subset of Hippo
pathway genes have been reported in several malignancies, including breast cancer.[2]
Functional studies indicate that repression of this pathway causes uncontrolled cell
proliferation and dramatic tissue overgrowth, which are central to carcinogenesis.[1] There
are multiple important components of the Hippo pathway, including serine/threonine kinase
4 (STK4) and STK3, large tumor suppressor 1 (LATS1) and LATS2, together with the
adaptor proteins Salvador homologue 1 (SAV1), MOB kinase activator 1A (MOB1A) and
MOB1B.[1] This pathway has two key downstream effector proteins, Yes-associated protein
(YAP, encoded by YAPI) and transcriptional co-activator with PDZ-binding motif (TAZ,
encoded by WIWTRI),[3] both of which are overexpressed in breast cancer,[2] especially in
triple negative breast cancer.[4]

A few studies have examined the risk of breast cancer associated with genetic variations in
the Hippo pathway.[5-7] Single nucleotide polymorphisms (SNPs) in YAPI and STK4 have
been reported to be associated with breast cancer risk in Chinese and European populations,
respectively.[5,6] A study conducted in African Americans reported a significant association
of the whole pathway with estrogen receptor negative (ER-) breast cancer, and it revealed
that CDH1 was responsible for the pathway association.[7] E-cadherin, encoded by CDH,
can function as an upstream regulatory element in the Hippo signaling pathway in
mammalian cells.[1,8] Genetic polymorphisms in CDH1 have also been reported to be
associated with breast cancer susceptibility among Chinese Han women,[9,10] but no
association with lobular cancer was found in a large dataset of European population with
6,023 cases and 34,271 controls. A noticeable limitation of previous studies is that only
polymorphisms in a single candidate gene or a small subset of genes in this pathway were
assessed, while some core elements of this pathway, such as LA751/2, were omitted.[1,7]
Furthermore, in addition to single-SNP association analysis, it has been suggested that
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examining a group of SNPs within a biological pathway can provide complementary and
valuable insights for the genetic architecture of complex diseases.[11,12]

Considering the paucity of data on the genomic basis of disparities in breast cancer
outcomes for women of African ancestry and the growing importance of Hippo pathway in
breast carcinogenesis,[13] we sought to explore whether this pathway contributes to the
aggressive breast cancer phenotypes observed in women of African ancestry.

2 METHODS
2.1 Study participants, SNP genotyping and imputation

The study populations of The Root Consortium have been described previously.[14-20] To
summarize, this study included 3,686 participants of African ancestry. Ascertainment of
cases and controls occurred in Nigeria (711 cases and 624 controls), Barbados (92 cases and
229 controls), and four sites in the United States (854 cases and 1,176 controls). Patients
were histologically and/or clinically diagnosed as having invasive breast cancer by the
clinicians at each study site [19,20]. The mean ages of cases and controls were 49.3 and 48.4
years, respectively. The numbers of ER+ patients and ER— patients were 403 and 374,
respectively. ER status was not available for the remaining patients.

Information about genome-wide association study (GWAS) genotyping, quality control,
imputation and principal component analysis has been introduced in detail previously.[20]
Briefly, approximately 2.4 million genetic variants on the lllumina HumanOmni2.5-8v1
array were genotyped. With the 1000 Genomes Project phase 1 integrated variant set as the
reference panel, 23,098,723 SNPs were imputed by IMPUTEZ2[21] and were included in the
GWAS analysis. To account for population structure, the first ten principal components were
computed with the smartpca program in the EIGENSOFT package.[22]

2.2 Selection of candidate genes and SNPs in the Hippo pathway

Figure 1 illustrates the 35 genes in the Hippo pathway after a query of the KEGG pathway
database (http://www.genome.jp/kegg-bin/show_pathway?hsa04390) and a recent thorough
review.[1] For each candidate gene, start and end chromosomal positions +10kb were
determined using the UCSC Genome Browser (https://genome.ucsc.edu). The median of
imputation score for SNPs with MAF > 0.01 was above 0.95, suggesting the imputation
quality was comparatively good. To be conservative and to better minimize any potential
false positives,[23] we excluded SNPs with imputation information scores < 0.7 or minor
allele frequency (MAF) < 0.01. SNPs within each gene region were extracted from The Root
Consortium GWAS data and a total of 19,889 variants in 35 genes were extracted.

2.3 AdaJdoint pathway analysis

Case-control analyses were conducted for all cases, ER+ cases and ER- cases, compared to
cancer-free controls. Analyses were carried out to examine associations of SNPs and breast
cancer risk at the pathway, gene and SNP levels.

The pathway- and gene-based analyses were performed using the improved adaptive joint
multilocus test (named as AdaJoint) implemented in the R package ARTP2. The AdaJoint
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multilocus test takes linkage disequilibrium (LD) structure into consideration and adopts a
variable selection procedure to identify a subset of genetic markers that jointly show the
strongest association signal, and then defines the test statistic based on the selected genetic
markers.[11,12,24] Compared with other similar methods including Min-p test, SKAT and
ARTP [12], AdaJoint is much more powerful if two functional SNPs are negative correlated
and have effects in the same direction; or two functional SNPs are positively correlated and
their effects have opposite directions. The SNP with a lower MAF of every pair of SNPs
with correlation r2 = 0.8 was excluded from the gene-based tests using the filter in the R
package. This prevented the capture of only a few association signals for some genes due to
correlations between their top SNPs. After this exclusion, 7,086 SNPs were included in our
final set of analysis, and we only examined the effects of those SNPs. Statistical significance
for the gene-based analysis was claimed at an alpha level of 0.00143 (= 0.05/35 genes) based
on Bonferroni multiple testing correction.

The single-SNP association tests, required as input for the AdaJoint test, were performed for
each SNP in genes with nominal £< 0.05. We used logistic regression with case status as
outcome under an additive model for genotype, adjusting for age (10-year groups), study site
and the first four eigenvectors from PCA using SNPtest.[25] The first four eigenvectors were
used to control for population stratification, as only the first four eigenvectors were
associated with case status.[20] We corrected for multiple testing with a Bonferroni
adjustment for the effective number of independent SNPs included in the final analysis using
Gao’s SimpleM approach,[26] and the threshold was set at 0.05/7,086 = 7.06E-06. We also
calculated P,q7by multiplying the original P value with 7,086 to make the results more
straightforward.

2.4. Sensitivity analysis

Four genes with pathway-level P< 0.05 were excluded from AdaJoint analysis one by one to
test their individual contribution in the whole Hippo way. We also excluded the 2", 3th and
4t genes with the smallest 2 values together to examine their combined effect to the whole
pathway.

2.5. Genotype and gene expression correlation

According to the estimated genetic ancestry,[27] we grouped TCGA breast cancer patients
into genomic Black (= 50% African ancestry), genomic White (= 90% European ancestry),
and genomic Asian (= 90% Asian ancestry). We imputed The Cancer Genome Atlas
(TCGA) breast cancer germline genotypes by IMPUTE?2 using the 1000 Genome Project
data as the reference panel. Gene expression data (RSEM from RNA-seq V2) was accessed
through cBioPortal (Breast Invasive Carcinoma [TCGA, Provisional], http://
www.chioportal.org/study?id=brca_tcga#summary), as of April 10, 2018. Subsequently, for
two top genes in the SNP-level association test, we examined the correlation between SNP
genotypes and gene expression in TCGA genomic Black breast cancer patients.

2.6 Visualization of association signals and SNP functionality

Single marker associations for top genes were plotted using LocusZoom.[28] Functionality
of the significant SNPs and their tagged SNPs were examined in HaploReg v4, in which
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epigenomic data from the ENCODE (Encyclopedia of DNA Elements), the GTEX
(Genotype-Tissue Expression) pilot and RegulomeDB databases were integrated.[29]
Searches for expression quantitative trait loci (eQTL) information in breast tissues were also
carried out in the GTEX portal and the eQTL Browser (http://eqtl.uchicago.edu/cgi-bin/
gbrowse/eqtl/). Additional chromosomal and functional annotation for the top SNPs in
WWC1and LATSZ can be found in Supplementary Table S1.

3 RESULTS

Using our unique population of African ancestry that is enriched for women with early age
of onset for breast cancer, analysis of germline genetic variations in the Hippo pathway at
the gene level did not show a significant association for any gene with overall breast cancer
risk or ER— breast cancer, as none of the variants or their combined effect achieved nominal
significance (Table 1). However, their combined effect was significantly associated with ER
+ breast cancer (pathway-level £=0.019). Four of the 35 genes in this pathway, WIWC],
LATSZ, SCRIB, and CDH1, were associated with risk of ER+ breast cancer at nominal
significance. After Bonferroni adjustment, only WWCI gene remained statistically
significant (P, = 0.04), while the LA7S2 gene showed a trend towards significance (Pagj=
0.07). When WIWC1 was removed from the analysis, the pathway-level significance of the
assessed germline genetic variations was lost (P=0.12). It is possible that in addition to
WWC1, the major driver, there might be other genes in the Hippo pathway contributing to
the association with breast cancer risk. We performed additional analyses excluding CDH,
LATS2, and SCR/B individually or all three together, while keeping WWCI1. The Pvalues
for the whole Hippo pathway turned out to be 0.075, 0.092, 0.017 and 0.086, respectively. In
each analysis the top gene with the most significant 2 value was consistently WIWCL1.

Table 2 shows SNP-level associations with overall, ER+ and ER- breast cancer risk.
rs147106204 in the WIWCI gene was the most statistically significant SNP associated with
ER+ breast cancer after adjustment for multiple comparisons (odds ratio [OR] = 0.53, 95%
confidence interval [CI] = 0.41-0.70, P,z = 0.025). This SNP tags five other SNPs
(rs116516633, rs114420099, rs115567889, rs77480437 and rs114592296) with significant
Pagjvalues. Additional analysis showed that rs147106204 and its LD-linked SNPs tend to be
located in regions with regulatory elements with varying levels of evidence (Figure 2,
Supplementary Table S1). The most significant SNP in LA752was the genotyped SNP
rs73443365 (OR = 0.38, 95% CI = 0.24-0.61, P,g= 0.282). This SNP and five of its tagged
SNPs are also located in regions with regulatory elements (Supplementary Figure S1,
Supplementary Table S1). In addition, the allele frequencies between ER+ and ER- patients
were significantly different for rs7344336 (£ =0.019), while the difference was marginally
significant for rs147106204 (P= 0.056).

Except for rs147106204, no SNP was significantly associated with breast cancer risk after
Bonferroni correction (P, > 0.05), and no eQTL information was available for
rs147106204, rs73443365, and their tagged SNPs. Additional information on the SNPs with
strongest associations in other non-significant genes is listed in Supplementary Table S2. By
investigating the genotype and gene expression data from TCGA genomic Black breast
cancer patients, we found that in the Total group (ER- and ER+ combined), the expression
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level of WW(C1 was significantly higher in AA genotype compared with CC and CA of
rs147106204, which was the most significant SNP in WWC1 (Supplementary Figure S2). In
addition, this trend was consistent in ER- and ER+ groups as well. We did not find a clear
genotype-gene expression correlation across different genotypes of LA7S2rs73443365.

4 DISCUSSION

In this relatively large case-control study of women of African ancestry, we found that the
combined effect of genetic variations in the Hippo pathway was significantly associated with
ER+ breast cancer (P=0.019). The association was driven primarily by variants in the
WWCI1 LATSZ2, and CDHI genes. Six highly correlated SNPs within WIWC1, rs147106204,
rs116516633, rs114420099, rs115567889, rs77480437, and rs114592296 were significantly
associated with ER+ breast cancer risk at the SNP level.

The protein WW and C2 domain containing 1 (WWC1), also called KIBRA (expression
enriched in kidney and brain),[30] interacts with and stimulates the phosphorylation of
LATSY: and regulates the phosphorylation of YAP. WWC1 functions as a growth
suppressive protein, and a study has reported that WIW(CI knockdown enhanced migration
and invasion by immortalized breast epithelial cells.[31] We found a significant variant
rs147106204 that tags other SNPs that overlap two transcription regulatory marks
(enhancers) in breast variant human mammary epithelial cells and breast myoepithelial
primary cells (Supplemental Table S1). We also discovered that LA7S2approached a
significant association with the development of ER+ breast cancer (P, = 0.07). At the SNP-
level, LATS2was associated with ER+ breast cancer risk, although the top SNP rs73443365
in this gene became non-significant after Bonferroni correction. LA752 (also known as
KPM), which encodes a serine/threonine protein kinase of the LATS tumor suppressor
family and core protein of the Hippo pathway, is down-regulated in many types of cancers
including breast cancer.[32] The reduced expression of LATS1/2has been consistently
associated with a biologically aggressive phenotype of breast cancer.[32,33] This indicates
that a partial loss of function of these tumor suppressor genes may lead to accelerated cell
proliferation, resulting in an increased occurrence of aggressive disease. Given that the
mechanisms by which the Hippo pathway becomes dysregulated are still not fully
understood,[34] our result from a genetic association study might help to narrow down
potential functional elements in the Hippo pathway components, such as WW(CJI and
LATS2.

It is worthy noting that the associations between the WW(C1 and LATS2 genes and breast
cancer risk were mainly found in ER+ participants. There might be synergistic effects
between WWC1, LATSZand estrogen receptor.[35,36] The positive synergistic effects
between these genes and ER might provide an uncommon opportunity to detect a larger
association, whereas it would be challenging to detect a relatively small association
attributing only to genes without the interaction with ER. Thus, if the risk factors have
positive synergistic effects with ER, it may be more likely to find the associations in ER+
participant. In addition, although the result was not significant in ER— patients, it is possible
that this association also exists in ER- patients and the non-significant result in our study
could be explained by the difference in effect size and sample size between ER+ and ER-
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patients. We observed that the WWC1 gene expression level was significantly higher in
rs147106204 AA genotype compared with CC and CA genotypes in TCGA Black breast
cancer patients. A allele of WIW(C1rs147106204 was found to be the protective allele in our
study, thus the observation of elevated WIWCI gene expression in AA group is in line with
the biological function of WIWWC1 as a tumor suppressor gene. On the other hand, for LA7S52
rs73443365, we could not find an obvious genotype-gene expression correlation across
different genotypes due to very limited number of AC genotype and no CC genotype (C
allele acts as protective allele) in TCGA Black breast cancer patients (Supplementary Figure
S2).

We were not able to compare our association findings in WW(CI and LATS2with the
previous study in African Americans because these two genes were not included in their
custom genotyping assay design.[7] In that study, CDHI was found to be nominally
associated with ER- breast cancer risk, and approached the borderline of significance for
association with ER+ breast cancer risk, while we obtained a marginal significance with ER
+ breast cancer risk. None of these associations survived multiple-testing adjustment.
However, in the present study, the pathway-level Pvalue became non-significant after
excluding CDH1, which indicated that CDHI might be one of the driver genes in the Hippo
pathway.

We also searched the GAME-ON (Genetic Associations and Mechanisms in Oncology) /
DRIVE (Discovery, Biology, and Risk of Inherited Variants in Breast Cancer) (http://
gameon.dfci.harvard.edu) for 16 SNPs in WW(C1 and LATSZ (Supplementary Table S1) to
test whether the associations reported in our study can be replicated in European
populations. However, all of these SNPs are absent there. In GAME-ON / DRIVE, both the
WWC1and LATS2 genes contain different SNPs that are associated with breast cancer
risks. Overall, the correlations between the significant SNPs in our study and those in the
GAME-ON / DRIVE were very low (r2 < 0.1). Actually, it is common to identify different
disease-associated index SNPs between European- and African-descent populations, and this
phenomenon has been frequently reported in diseases including prostate cancer[37-40] and
breast cancer.[7,14,15,41] This inconsistency of association may be due to the different
genetic backgrounds, such as LD patterns between African and European ancestries. In
addition, although we undertook our GWAS using dense genotyping array with ~2.5 million
markers and imputation using the 1000 Genomes Project data, it is worth noting that rare
variants (especially very rare ones) were not particularly targeted in array development or
reliably imputed, and therefore not included in the analyses. We cannot rule out the
possibility that a set of causal rare variants (either coding or regulatory ones), which in
general have larger effect size, can be tagged/captured by different index SNPs in different
ethnic groups. The combined effect from both common and rare variants, with the same and
opposite directions, could confer risk to a disease. Future systematic functional genomic
studies are needed to shed light on the genetic architecture of these two genes and breast
cancer risk in diverse populations.

Strengths of our study include a well-defined gene list for the Hippo pathway and our
inclusion of a unique population of women of African ancestry from Nigeria and Barbados
with a relatively young age at diagnosis of breast cancer. In addition, we applied the robust
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multilocus test (AdaJoint) to detect gene- and pathway-level associations that are often
missed in studies only focusing on individual SNPs. However, several limitations need to be
noted. First, as one of the largest studies to date on the genetics of breast cancer in women of
African ancestry, the present study is still rather small and does not have enough power to
detect individual SNP associations of very small magnitude, especially for SNPs with low
allele frequency in subtype analyses. Second, our findings require further validation in
diverse populations, as the gene-level associations were only marginally significant for
WW(C1 after correction for multiple tests. Nonetheless, the identified associations provide
strong scientific rationale for future experimental studies to characterize the functional
effects of these genetic variations.

In conclusion, our findings suggest an association between the Hippo pathway and ER+
breast cancer, with WWC1, LATSZ, and CDH1 as possible genes driving this association.
Further functional studies on genetic variants in these genes could help understand
mechanisms of Hippo pathway in breast carcinogenesis, especially for women of African
ancestry who suffer a disproportionate burden of aggressive breast cancers with poor clinical
outcomes for reasons that remain unexplained and understudied.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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PCA principal component analysis
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FIGURE 1.
The Hippo pathway. Dark gray ovals indicate the key components of the Hippo pathway.
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FIGURE 2.

LocusZoom plot of log-transformed A-values from single marker analysis for the WIWC1
gene in ER+ subgroup test. The labeled single nucleotide polymorphism (SNP) with rs# was
the most significant index SNP, and the linkage disequilibrium (LD) between other markers
in the gene and the index SNP was color coded, with red color indicating strong LD (r2 >
0.8) and blue color indicating weak LD (r? < 0.2). The bottom part presents the ENCODE
(Encyclopedia of DNA Elements) regulatory tracks through UCSC Genome Browser,
including histone modification marks for H3K4Mel and H3K27Ac of seven cell types,
transcription factor binding sites, and DNase hypersensitivity sites of human mammary
epithelial cells (HMEC), breast cancer cells (MCF7). Chromosomal coordinates are in NCBI
build 37.
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TABLE 1

Pathway- and gene-level tests in association with risk of overall, ER+, and ER- breast cancer

P value®
Gene Chromosome  Total number of SNPs®  Effective number of SNPs®

Overall ER+ ER-
Pathway - 19889 7086 0.90 0.019 0.93
Pathway exclude top gene - 18699 6423 - 0.12 -
wwci 5 1,190 629 016 ggo1f 0.19
LATS?2 13 642 275 043 gooof 041
SCRIB 8 186 101 0.09 0.0217 0.21
CDH1 16 614 271 0.24 0.05 0.68
TAZ 23 71 33 0.20 011 034
CTNNA1 5 824 138 0.17 0.16 0.24
wBP2 17 193 95 0.07 021 0.59
YAP1 11 697 229 0.50 026 0.38
MPP5 14 453 103 0.38 0.27 0.93
SAVI 14 338 101 0.27 0.38 0.80
STK3 8 1,503 263 0.59 0.38 031
CRB3 19 130 84 0.24 045 041
TAOK1 17 626 137 0.67 050 051
PTPA 9 335 75 0.99 056 0.38
AMOT 23 281 128 0.24 059 0.22
PATJ 1 2,488 1072 0.98 061 0.78
NF2 22 381 128 0.16 0.62 0.20
RASSF6 4 380 114 0.62 0.64 0.89
PPPICA 11 85 38 0.15 0.67 0.70
PTPN14 1 1,435 558 0.92 0.67 0.28
YWHAB 20 188 50 0.70 0.71 0.82
STK4 20 623 144 0.77 0.74 0.35
HIPK2 7 1,046 472 0.22 0.78 0.23
FRMD6 14 1,292 557 0.87 0.83 0.98
BTRC 10 707 159 0.93 0.84 0.66
CSNK1A1 5 290 116 0.44 0.85 0.12
MOBIA 2 254 102 0.71 085 0.17
YWHAE 17 484 225 0.66 0.85 0.68
AJUBA 14 115 60 0.51 0.88 0.39
ANKHD1 5 449 125 0.41 0.94 081
MOBI1B 4 445 122 0.61 094 0.10
RASSF1 3 78 37 0.64 095 0.34
ANKRD17 4 382 144 0.71 0.96 0.76
LATS1 6 310 97 0.43 097 013
TP53BP2 1 374 104 0.87 0.97 044
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ER-, estrogen receptor-negative; ER+, estrogen receptor-positive; SNP, single nucleotide polymorphism.

aFor each candidate gene, its start and end chromosomal positions +10kb were determined using the UCSC Genome Browser. SNPs within each
gene region were extracted from The Root Consortium GWAS data and defined as “total SNPs”. “effective number of SNPs” means the number of

SNPs after excluding the SNPs with MAF < 0.01 and the SNPs with a lower MAF in every pair of SNPs with correlation r220.8.

bOnIy Pvalue for WWCI remained significant after Bonferroni correction. The adjusted P values for WWC1, LATSZ, and SCR/B were 0.035,
0.07, and 0.70, respectively. All other adjusted A values were equal to 1.

cThe numbers of controls and cases were 2,029, and 1,657 respectively. The numbers of ER+ patients and ER- patients were 403 and 374,
respectively. ER status was not available for the remaining patients.
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TABLE 2
Significant SNPs for ER+ breast cancer
rs73443365 rs147106204

Gene LATS2 wwci
Major/minor alleles AlC CIA
MAFZin controls. 0.04 0.11
MAFZin all cases 0.02 0.08
MAFZin ER+ cases 0.01 0.06
MAFZin ER- cases 0.08 0.09
MAF?in 1000 Genomes Project EUR 0.002 0.001
Imputation information score Genotyped 0.991

d
All cases vs. controls

OR (95% C1)?

0.74 (0.57-0.96)

0.82 (0.71-0.96)

P

0.025

0.015

Pag

1.000

1.000

d
ER+ cases vs. controls

OR (95% c1)?

0.38 (0.24-0.61)

0.53 (0.41-0.70)

P

4.0E-05

3.6E-06

0.283

0.025

d
ER- cases vs. controls

OR (95% C1)?

0.69 (0.45-1.08)

0.81 (0.62-1.06)

P

0.103

0.119

Pad'

1.000

1.000

Page 16

Cl, confidence interval; ER-, estrogen receptor-negative; ER+, estrogen receptor-positive; EUR, European; MAF, minor allele frequency; OR, odds
ratio; SNP, single nucleotide polymorphism.

a .
Minor allele frequency

bAdditive model with each SNP coded as 0, 1 or 2 copies of the minor allele, adjusting for age (10-year groups), study site and the first four
eigenvectors from principal component analysis.

DBoId Pis significant at the defined cut point level (0.05/7,086 = 7.06E-06). Pagjmeans P value after correction for multiple comparisons.

dThe numbers of controls and cases were 2,029, and 1,657 respectively. The numbers of ER+ patients and ER- patients were 403 and 374,

respectively. ER status was not available for the remaining patients.
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