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Abstract

Background: Through enhancement of the Wnt signaling pathway R-spondins are oncogenic
drivers in colorectal cancer. Experimental data suggest that the R-spondin/Wnt axis stimulates
VEGF-dependent angiogenesis. We therefore hypothesize that variations within R-spondin genes
predict outcome in patients with metastatic colorectal cancer (MCRC) treated with upfront
FOLFIRI and bevacizumab.

Patients and methods: 773 mCRC patients enrolled in the randomized phase 111 FIRE-3 and
TRIBE trials and receiving either FOLFIRI/bevacizumab (training and validation cohorts) or
FOLFIRI/cetuximab (control group) were involved in this study. The impact of six functional
single-nucleotide polymorphisms (SNPs) within the R-spondin 1-3 genes on outcome were
evaluated.

Correspondence: Martin D. Berger, MD, Division of Medical Oncology, University of Southern California / Norris Comprehensive
Cancer Center, Keck School of Medicine, 1441 Eastlake Avenue, Los Angeles, CA 90033, USA. Phone +1 (323) 865 3967.
martin.berger@insel.ch.

Conflict of interest statement
The authors declare no conflict of interest regarding the content discussed in the manuscript.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered
which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Berger et al. Page 2

Results: RAS and KRAS wild-type patients harboring any G allele of the RSPO2 rs555008 SNP
had a longer overall survival compared to those having a TT genotype in both the training
(FIRE-3) and validation (TRIBE) cohorts (29.0 vs 23.6 months, £=0.009 and 37.8 vs 19.4 months,
P=0.021 for RAS wild-type patients and 28.4 vs 22.3 months, P=0.011 and 36.0 vs 23.3 months,
P=0.046 for KRAS wild-type patients). Conversely, any G allele carriers with KRAS and RAS
mutant tumors exhibited a shorter progression-free survival compared to TT genotype carriers,
whereas the results were clinically more evident for KRAS mutant patients in both the training and
validation cohorts (8.1 vs 11.2 months, £=0.023 and 8.7 vs 10.3 months, ~=0.009).

Conclusion: Genotyping of the RSPO2 rs555008 polymorphism may help to select patients who
will derive the most benefit from adding bevacizumab to FOLFIRI dependent on (K)RAS
mutational status.
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INTRODUCTION

Colon cancer is the fourth most common cause of cancer-related mortality [1]. The
implementation of biologicals into the 5-fluorouracil (5-FU)-based treatment regimens led to
improved prognosis of mCRC [2,3]. To further optimize outcome and overcome treatment
resistance in refractory mCRC new therapeutic options are mandatory [1,2]. Hyperactivation
of the Wnt signaling pathway is believed to be the initiating and driving event during tumor
development in colorectal cancers [4]. R-spondin proteins stimulate Wnt signaling by
binding to their leucine-rich G protein coupled 4/5 receptor (LGR4/5) and transmembrane
E3 ubiquitin ligase proteins zinc and ring finger 3 (ZNRF3) and ring finger 43 (RNF43) [5].
R-spondin binding promotes removal of ZNRF3 from the plasma membrane and results in
increased levels of Frizzled leading to an enhanced Wnt response [6]. R-spondins play a
critical role in different biological processes such as vascular formation and development of
the lungs, limbs, nails, and muscles most likely through enhancement of Wnt signaling [7—
9]. Moreover, the R-spondin — ZNRF3/RNF43 axis controls intestinal stem cell activity by
counterbalancing the inhibitory effect of ZNRF3/RNF43 on Whnt signaling [10]. Thus, R-
spondins serve as a finely tuned regulator of Wnt signaling enabling proper differentiation
and self-renewal of intestinal stem cells [11].

Seshagiri et al. identified recurrent fusions involving RSPO2 and RSPO3 genes in 10% of
colon tumors that resulted in upregulation of Wnt target genes [12]. Furthermore, there is
increasing evidence that RSPO gene rearrangements might act as oncogenic drivers in
colorectal cancer [13]. Just recently, inhibitors of RSPO gene fusions have shown promising
activity in colorectal cancer mouse models [13-15].

Additionally, preclinical data suggest that the RSPO/Whnt axis stimulates angiogenesis and
endothelial cell proliferation through activation of VEGFC and VEGFR3 signaling [16],
which led us to explore the associations of genetic variations in RSPO genes with outcome
in mCRC patients receiving first-line FOLFIRI and bevacizumab (bev).
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PATIENTS AND METHODS

Study design and patient population

The study involved 773 mCRC patients enrolled in the randomized phase 111 FIRE-3 and
TRIBE trials and receiving either first-line FOLFIRI/bev (training and validation sets) or
FOLFIRI and cetuximab (cet) (FIRE-3, control group). In FIRE-3 FOLFIRI/bev arm
patients were treated with bevacizumab 5mg/kg biweekly and in the FOLFIRI/cet cohort cet
was administered at an initial dose of 400mg/m?, then 250mg/m? per week. The FOLFIRI
backbone regimen comprised of 180mg/m? irinotecan, 400mg/m? leucovorin, 400mg/m?
fluorouracil (5-FU) bolus injection and 2400mg/m? infusion during 46 hours. Cycles were
repeated biweekly until tumor progression or intolerable side-effects occured [17].

The validation cohort consisted of mMCRC patients, enrolled in the randomized phase 111
TRIBE trial and treated identically to those in the training cohort (FOLFIRI/bev) with the
exception that leucovorin was administered at a dose of 200mg/m?. After 12 cycles, patients
were treated with 5-FU and bev until progression [18]. Ethics committee approval for the
study was obtained for each participating site. All patients gave informed consent for
molecular analyses, which were performed at the USC / Norris Comprehensive Cancer
Center in Los Angeles, USA. Our study was conducted according to the reporting
recommendations for tumor marker prognostic studies [REMARK] [19].

Candidate polymorphisms

Genotyping

We identified functional single-nucleotide polymorphisms in the RSPO 1-3 genes based on
following criteria: minor allele frequency >10% in the Caucasion population, and the ability
to alter the function of a gene according to public databases (https://snpinfo.niehs.nih.gov,
www.ensembl.org, https://www.ncbi.nlm.nih.gov/snp/ and https://www.genecards.org/).

Genomic DNA was isolated from formalin-fixed paraffin-embedded tissue in the training
and control sets (FIRE-3) and from blood in the validation cohort (TRIBE) using the QIAmp
DNA easy kit (Qiagen, Valencia, CA, USA). Six potentially functional SNPs in three RSPO
genes (RSPO1, RSPO2 and RSPO3) were examined by PCR-based direct sequencing
(Supplementary Table S1). We used forward and reverse primers for PCR amplification. The
resulting fragments were sequenced on an ABI 3100A Capillary Genetic Analyzer (Applied
Biosystem, USA) to detect the individual SNP. The investigator (MDB) performing the
DNA sequence analyses was blinded to the outcome data.

Statistical analysis

We hypothesized that SNPs within three RSPO genes are associated with clinical outcome in
mCRC patients who participated in two phase Il randomized trials (FIRE-3 and TRIBE).
The training cohort was comprised of patients treated with first-line FOLFIRI/bev within the
FIRE-3 trial, whereas patients receiving the same treatment in TRIBE served as a validation
cohort. The control set consisted of patients receiving first-line FOLFIRI/cet in FIRE-3.
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Primary endpoint was progression-free survival (PFS), secondary endpoints were overall
survival (OS) and overall response rate (ORR). PFS was the interval from randomization
until progression or death. OS was calculated from randomization until death. Patients
without events were censored at last follow-up. ORR was calculated from the percentage of
patients with either a complete (CR) or a partial (PR) remission using the Response
Evaluation Criteria in Solid Tumors (RECIST). We evaluated the allelic distribution of
polymorphisms for deviation from Hardy-Weinberg equilibrium (HWE) using the XZ test.
Differences between patient characteristics among the treatment arms were compared by
using the Xz test. The log-rank test and Kaplan Meier curves were used to assess the impact
of various SNPs on PFS and OS. The correlations between each genetic variation and tumor
response rate were examined using the Xz test. SNPs were initially tested in the overall and
(K)RAS wild-type population of the training cohort. Significant SNPs predicting outcome in
the training cohort (FIRE-3) in univariable analysis were further tested in multivariable
analysis and examined in a validation cohort (TRIBE) and a control set (FIRE-3). The
adjusting parameters for multivariable analyses are outlined in Table 2 and 3. With 292
patients (249 PFS events) in the FOLFIRI/bev arm of FIRE-3 (training cohort) with
genotyping results available, we would reach 80% power to detect a minimum hazard ratio
(HR) of 1.40-1.52 on PFS for a SNP with a minor allele frequency from 0.1-0.5 using a
two-sided 0.05 level log-rank test. The HR would be 1.49-1.65 in the validation cohort
(FOLFIRI/bev arm of TRIBE, A=210, 164 PFS events) and 1.42-1.55 in the control set
(FOLFIRI/cet arm of FIRE-3, N=271, 234 PFS events) using the same model and power. All
P-values were from two-sided tests at a 0.05 significance level. All analyses were performed
by using the SAS version 9.4.

RESULTS

Patient baseline characteristics of the study cohorts (training, validation and control cohorts)
are illustrated in Table 1. Our study comprised of 773 patients with mCRC treated with
FOLFIRI/bev (training cohort FIRE-3, A=292 and validation cohort TRIBE, A=210) or
FOLFIRI/cet (control set FIRE-3, A=271). The median follow-up times were 40.9, 49.9, and
41.7 months in the training, validation and control cohorts. The median PFS and OS were
10.0 and 23.7 months in the training cohort, 9.4 and 25.1 months in the validation cohort and
9.6 and 27.1 months in the control set, respectively. The RSPO3 rs10457487 SNP was not
within the HWE and therefore excluded from further analyses. In the overall population of
the training cohort no association with outcome could be observed (Supplementary Table
S2). However, in the training cohort (FIRE-3 FOLFIRI/bev) the RSPO2 rs555008 SNP was
significantly associated with OS in KRAS wild-type patients. Patients harboring any G allele
showed a longer OS (28.4 vs 22.3 months) compared to those with a TT genotype in
univariable analysis (HR 0.64, 95% confidence interval (Cl) 0.45-0.90, 2=0.011) (Table 2,
Figure 1A). Similarly, any G allele carriers with KRAS wild-type tumors in the validation
cohort (TRIBE FOLFIRI/bev) displayed a significant longer OS (36.0 vs 23.3 months) in
both univariable (HR 0.62, 95% CI 0.38-1.00, P=0.046) and multivariable analyses (HR
0.49, 95% CI 0.28-0.86, P=0.012) (Table 2, Figure 1B). Conversely, mCRC patients with
KRAS wild-type tumors harboring any G allele and treated with FOLFIRI/cet (control
cohort, FIRE-3) did not have better OS (27.6 vs 36.4 months) in comparison to those with a
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TT genotype (univariable analysis (HR 1.14, 95% CI 0.80-1.63, P=0.46) (Table 2, Figure
1C). Interestingly, G allele carriers in the KRAS mutant subgroup of the training cohort had
a significant shorter PFS compared to those carrying the TT genotype in univariable analysis
(8.1 vs. 11.2 months, HR 1.93, 95% CI 0.98-3.79, £=0.023) (Table 2, Figure 2A). The same
effect on PFS could also be observed in the validation cohort (8.7 vs 10.3 months) in both
univariable (HR 1.91, 95% CI 1.12-3.28, P=0.009) (Table 2, Figure 2B) and multivariable
analyses (HR 1.99, 95% CI 1.08-3.65, A=0.027). The same trend in outcome observed in
KRAS wild-type patients could be replicated in patients with RAS wild-type mCRC. G
allele carriers with a RAS wild-type primary tumor treated with FOLFIRI/bev had a longer
OS than those with a TT genotype in univariable analyses in both the training (FIRE-3) and
validation (TRIBE) cohorts (29.0 vs. 23.6 months, HR 0.60, 95% CI 0.41-0.89, P=0.009 and
37.8 vs 19.4 months, HR 0.49, 95% CI 0.25-0.94, P=0.021) (Table 3). Again, no difference
in outcome could be seen between G allele carriers and those with a TT genotype of the
RSPO2 rs555008 SNP harboring a RAS wild-type mCRC and treated with FOLFIRI/cet.
Similar to KRAS mutant patients, G allele carriers with RAS mutant tumors receiving
FOLFIRI/bev still exhibited a worse PFS in both the training (FIRE-3) and validation
(TRIBE) cohorts (9.2 vs 10.9 months, in multivariable analysis HR 2.01, 95% CI 1.12-3.62,
P=0.020 and 9.2 vs 9.5 months, in univariable analysis HR 1.57, 95% CI 0.98-2.50,
P=0.042) (Table 3).

DISCUSSION

Canonical Wnt signaling is not only involved in various critical biological processes such as
organogenesis and tissue regeneration [20], but also plays a major role in early
tumorigenesis of colorectal cancer [21]. R-spondin proteins are potent agonists of Wnt
signaling and therefore can act as critical drivers of tumor development [5]. Additionally,
preclinical studies demonstrated that R-spondins are involved in angiogenesis. While Caruso
et al. demonstrated that R-spondin 1 enhances testicular angiogenesis in culture [22],
another group could show that RSPO2 induced cell proliferation in human umbilical vein
endothelial cells (HUVEC) [23]. Just recently, RSPO3 expression has been demonstrated in
both mouse and human endothelial cells [24]. These results suggest that the R-spondin
protein family may play a role in promoting angiogenesis. To the best of our knowledge, we
provide the first evidence that a variation in the R-spondin 2 gene may predict outcome in
MCRC patients treated with first-line FOLFIRI/bev. While we could demonstrate that
(K)RAS wild-type mCRC patients carrying any G allele of the RSPO2 rs555008 SNP have a
better OS than those with a TT genotype when treated with first-line FOLFIRI/bev in both
the training and validation cohort, these associations were not observed in patients treated
with FOLFIRI/cet. Interestingly, we could observe inverse associations with outcome among
any G allele carriers with (K)RAS mutant tumors treated with FOLFIRI/bev. Here, any G
allele carriers in both the training (FIRE-3) and validation cohorts (TRIBE) had a shorter
PFS compared to those patients harboring a TT genotype. These validated inverse
associations with outcome among G alleles carriers with either (K)RAS wild-type (better
outcome) or (K)RAS mutant tumors (worse outcome) treated with FOLFIRI/bev suggest
opposing effects of the RSPO2 rs555008 SNP on outcome depending on the (K)RAS status.
The G allele of the RSPO2 rs555008 variant is located in the 3’-UTR and provides binding
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sites for hsa-miR-484 and hsa-miR-590-3p, which regulate post-transcriptional gene
expression (https://snpinfo.niehs.nih.gov).

Preclinical studies identified a simultaneous activation of KRAS and Whnt signaling in
mouse models of colorectal cancer [25]. Both enhanced and aberrant Wnt signaling as well
as activating KRAS mutations are early events during colorectal tumorigenesis. Oncogenic
KRAS stimulates Wnt signaling by increasing phosphorylation of Beta-catenin, which
results in disruption of its binding to E-cadherin and its enhanced nuclear accumulation [26].
Given the inverse effect on outcome among TT vs. any G allele carriers of the RSPO2
rs555008 SNP depending on (K)RAS status we assume a well-balanced interplay between
the RAS-RAF and the Wnt signaling pathways. While there are several lines of evidence
that KRAS mutations induce upregulation of Wnt/Beta-catenin signaling [25,27] in colon
cancer, literature regarding the influence of (K)RAS wild-type colon cancer on canonical
Whnt signaling is scarce [27,28]. However, Horst et al could demonstrate that there is a
correlation between nuclear Beta-catenin accumulation and KRAS status. Whereas
immunohistochemical expression of Beta-catenin was significantly increased in KRAS
mutant tumors, its staining intensity was less pronounced in KRAS wild-type tumors [28].
These findings indicate that even KRAS wild-type tumors might, albeit to a lesser degree
compared to KRAS mutant tumors, directly stimulate Wnt signaling. A retrospective
analysis of the AVF2197 trial demonstrated that the clinical benefit of first-line bevacizumab
in mMCRC patients is independent of KRAS mutation status [29]. Here we show that
assessment of the RSPO2 rs555008 SNP according to the (K)RAS mutational status might
help us to identify which subgroup of patients derive the most benefit from bevacizumab.
Additionally, our results confirm once more that there is no “one size fits all” biomarker in
mCRC and that they can differ according to the (K)RAS status (mutant versus wild-type).
Just recently, we have learned from a pooled analysis of two phase Il randomized trials
(CRYSTAL and FIRE-3) that the location of the primary tumor has a predictive impact in
RAS wild-type but not mutant patients [30]. While RAS wild-type patients with a left-sided
primary tumor derive a greater benefit from cetuximab compared to bevacizumab-based
chemotherapy, these associations could not be observed in RAS mutant patients [30].
Nowadays, several predictive markers such as RAS and BRAF mutational status,
microsatellite status as well as sidedness guide our treatment decisions. The implementation
of the RSPO2 rs555008 SNP into the treatment algorithm of mMCRC may help us to identify
in the future those RAS wild-type mCRC patients with left-sided primary tumors who might
derive a benefit from antiangiogenic therapy with bevacizumab in the first-line setting.
Additionally, assessment of the RSPO2 rs555008 SNP may help us to select those mCRC
patients with a (K)RAS mutant primary tumor who will benefit most from bevacizumab-
based treatment. In conclusion, the RSPO2 rs555008 SNP might serve as a predictive
biomarker in mCRC patients treated with FOLFIRI and bevacizumab. While any G allele
carriers of the RSPO2 rs555008 SNP with a (K)RAS wild-type tumor have a favourable
outcome (OS), those harboring a (K)RAS mutant tumor have a worse outcome (PFS). Our
results suggest that genotyping of the rs555008 polymorphism within the RSPO2 gene may
help identify patients who will derive the most benefit from adding bevacizumab to
irinotecan-based chemotherapy dependent on the (K)RAS mutational status. Targeting
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RSPO2 might be a promising approach to enlarge our treatment armamentarium against
mCRC and to potentially overcome resistance to antiangiogenic therapies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Markers predicting efficacy of bevacizumab in metastatic colon cancer are
warranted
. R-spondins play a role in angiogenesis and progression of colorectal cancer
. R-spondins exert their oncogenic role through activation of the Wnt pathway

. A polymorphism in RSPO2 predicts outcome in patients receiving FOLFIRI/
bevacizumab

. Potential to identify patients who will benefit most from FOLFIRI/
bevacizumab
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Figure 1:
RSPO2 rs555008 and overall survival among patients with KRAS wild-type tumors. A

Training cohort: RSPO2 rs555008 and OS (FIRE-3 FOLFIRI/bevacizumab arm). B
Validation cohort: RSPO2 rs555008 and OS (TRIBE FOLFIRI/bevacizumab arm). C
Control cohort: RSPO2 rs555008 and OS (FIRE-3 FOLFIRI/cetuximab arm).
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Figure 2:
RSPO2 rs555008 and progression-free survival among patients with KRAS mutant tumors.

A Training cohort: RSPO2 rs555008 and PFS (FIRE-3 FOLFIRI/bevacizumab arm). B
Validation cohort: RSPO2 rs555008 and PFS (TRIBE FOLFIRI/bevacizumab arm).
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Table 1.
Baseline characteristics
FIRE-3 TRIBE FIRE-3
Treatment FOLFIRI+Bev FOLFIRI+Bev FOLFIRI+Cet
N N=292 N=210 N=271 P-v. aluea
Sex 0.068
Male 507 191(65%) 126(60%) 190(70%)
Female 266 101(35%) 84(40%) 81(30%)
Age <0.001
<65 421 144(49%) 139(66%) 138(51%)
>65 352 148(51%) 71(34%) 133(49%)
ECOG performance status <0.001
0 473 160(55%) 173(82%) 140(52%)
1-2 299 132(45%) 36(17%) 131(48%)
Unspecified 1 - 1(0%) -
Primary tumor site 0.13
Right 181 75(26%) 53(25%) 53(20%)
Left 563 210(72%) 142(68%) 211(78%)
Unspecified 29 7(2%) 15(7%) 7(3%)
Liver limited metastases 0.87
Yes 250 95(33%) 65(31%) 90(33%)
No 523 197(67%) 145(69%) 181(67%)
Number of metastatic sites 0.39
1 289 105(36%) 89(42%) 95(35%)
2 246 83(28%) 85(40%) 78(29%)
>3 145 56(19%) 36(17%) 53(20%)
Unspecified 93 48(16%) - 45(17%)
Primary tumor resection <0.001
Yes 615 252(86%) 132(63%) 231(85%)
No 157 40(14%) 78(37%) 39(14%)
Unspecified 1 - - 1(0%)
Adjuvant chemotherapy 0.062
Yes 137 53(18%) 27(13%) 57(21%)
No 635 239(82%) 183(87%) 213(79%)
Unspecified 1 - - 1(0%)
KRAS status <0.001
Wild-type 556 244(84%) 86(41%) 226(83%)
Mutant 181 48(16%) 88(42%) 45(17%)
Unspecified 36 - 36(17%) -
RAS status <.0001
Wild-type 423 195(67%) 49(23%) 179(66%)

Eur J Cancer. Author manuscript; available in PMC 2020 September 24.
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FIRE-3 TRIBE FIRE-3
Treatment FOLFIRI+Bev FOLFIRI+Bev FOLFIRI+Cet
N N=292 N=210 N=271 Pvalue®
Mutant 275 84(29%) 110(52%) 81(30%)
Unspecified 75 13(4%) 51(24%) 11(4%)
BRAF status 0.63
Wild-type 664 258(88%) 163(78%) 243(90%)
Mutant 57 25(9%) 11(5%) 21(8%)
Unspecified 52 9(3%) 36(17%) 7(3%)

The unspecified group was not included in the analysis.

aThe P-value was based on the Chi-square test.

Eur J Cancer. Author manuscript; available in PMC 2020 September 24.



Page 14

"19S UONEPI|RA 3U} Ul Sels
44 g pue ‘uonoasal Jown Arewrid ‘sa)is d13eISEIBW JO JaquInu ‘s Jown Arewnid ‘sniels ouewlopsd 50D ‘abe ‘xas 10j Bunsnipe ‘s10y0d [043U0d pue Bulures sy ul snels 4yyg pue ‘Adesyiowayd
ueAnfpe ‘uonoasal Jowny Arewiid ‘saseiselsw paiiwi| Al ‘a)s Jowny Arewid ‘snyes souewloglad 9O ‘abe ‘xes Joy Bunsnipe japow uoissalfes splezey jeuoniodoid X09 s|qeLBARINW 3Y) UO paseg,

(902'99°0)2T'T (95°2'16'0)25'T  (€92'9°ST)8'6T (59°€'80'T)66'T (8z€ZTIIET (56'872)L8 (%00S)WT  (%00SPT 82 9 Auy

10yod

650 sousIRey  0T'0 souasaley  (£'8€'8°02)6'LC 1200 soualsley  600°0 soussgged  (0°€T'8'8)E°0T 090 (%T¥r)9z (%6'sS)ee 09 1/ uonepifen

3

(18'9'26°0)85°C (92°€'16'0)SL'T  (T'S2'S2T)G9T (S¥'+'88°0)86'T (62€'86°0)e6'T  (ECT'TITS (wv'2v)6  (%928)0T 6T 9 Auy 3

uoyoo &

1500 ouslaled 900 souasele  (0'9E'Z'8T)E9Z 6600 ouslayed €200 soualRgey  (LYT'E'8)ZTT Sv0  (%T6S)ET  (w6OP)6 €2 L1 Buwrelm

wn

o

EE:EM

SV

z

(S9'T'08°0)ST'T (e9T'08°00WT'T  (8€€'520)9'LC (ev'1'08°0)20'T (ov'1'6L0050T  (2eT'e'8)0°0T (w962)ze  (w'02)9L TeT 9 fuy <

to;oom

90 aoualRey  9v'0 soualyed  (V'6E'6'TOP9E 990 CRIICTCTEN I TN} soualsyed  (E'TT'S'8)T'0T o (wrva)ic  (%9'62)S9  SOT 11 _eEoom

>

[+

(98'0'82°0)67°0 (00'1'8€'0)29'0  (L'87'6'€2)0'9€E (8Z'T'er0)¥L0 TTYrozLo  (Lere6)9TT (weee)zr  (%L'99)ve  8€ 9 Auy g

to;oom

2100 soualeyed  9v0'0 souaspey  (6'92'9YT)EEC 620 soualsyed  LT°0 souasey  (0'TT'9°1)06 90  (%e8e)8T (%L T9)6C  8Y 1/L  uonepleA

€

(TT'T'25°0)9L°0 (06°0'sr'0)¥9'0  (0'SE'L'C)V'8e (22'1'79'0)88°0 (60T'65°0)180  (0'ET'9'6)STT (%e'1€)92  (%L'89).G 16 9 Auy £

=}

uoy0s<<

ST'0 soualeyey 1100 souasyey  (y'9z'sLT)Eze vv0 Jouasey 910 souaseyed  (0'2T'0°6)T°0T 770 (%L98)or  (%E'€969  TZT L1 Buurell §

§

adA-pim~

~

SV S

anfea e (10%¢56)  anfen  (109656) ¥H Amﬁcoev anfea e (10%56)  anfen  (109%656) ¥H ﬁmﬁco;w anfea ON SSA N adAousn
d d ‘(10%56 d d ‘(10%56 d1sa1
150) dH pawsnlpy 1501 uelps|N 159) dH pawsnipy 1591 uelpaN  atenbs
Plem Mued prem\ Mued -1yD
-Bo -6o7
|eAIAINS |[eA8AO [eAIAINS d84)-Uo1ssadboad asuodsaJ sowny

Berger et al.

snye1s Sy 01 Buiplodoe sjusied DYOW Buowe saWoaNo [ealuld PuR 800SSSS! ZOdSH Uaamiaq UoIRI0sSy

‘¢ 9l|qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 15

'19S UOIIBPIeA 3y} Ul Sniels
4\ g pue ‘uonoesal jown) Arewrid ‘sa)is o1rISEISW JO Jaquinu ‘s Jown) Arewid ‘snyels souewlopad 90D ‘abe ‘xas 10) Bunsnlpe ‘s10y0d [043U09 pue Bulures syl Ui snels 4vyg pue ‘Adessylowsyo
weAnfpe ‘uonoasal Jown) Arewrid ‘saselsersw paiwi| 1aAl] ‘a)s Jowny Arewiid ‘snyeis souewiopiad 903 ‘abe ‘xes oy Bunsnipe |apow uoissalbas splezey jeuontodoid X0 s|geLRAINW 3Y) U0 paseg,

Eur J Cancer. Author manuscript; available in PMC 2020 September 24.

(26°1'95°0)26°0 (ot'z'sg0)eeT (622'8°LT)8°02 (62°2'98°0)01'T (05°2'86°0)2G'T (6'6'8°2)26 (%L TY)ST  (%E83)TZ 98 9 Auy
10yod
6.0 soualsley  0Z'0 souasaley  (7°2€'8°02)9'se 8T0 soualsley  Zv0'0 soualeley  (8'TT1'9'8)5'6 680 (%Ten)TE (%6'99)TY ¥L 1/L  uonepijeA
(S7'e'v6'0)I8'T (102'02°0)6TT  (6'92'€°9T)0°6T (z9€'2TT)T0°C 8Yz'180)rT  (FET'TLZ6 (%8¥r)eT  (%2'eS)9T  z¢ 9 Auy
110y02
¥.0°0 aouBIBy 250 aouaseyey  (STE'6'ST)ETZ 0200 uasBPRy  TT0 soualeey  (0°€T'S'8)6°0T 280 (%9/v)oz  (wves)ez  ev 1/1L  Buurery
jueinw
Svd
(82°7'92°0)9T'T (99T'720)TTT  (00V'L'€2)8°62 (05°7'92°0)20'T (T7r'1T'v2°0)20T  (821°2'8)9°0T (%9's2)1c  (Wrv)19 €6 9 Auy
110y02
610 a0uBIBRy 290 aouaseyey  (ZTP'6T2)TLE 690 30UBIBRy 060 souaseey  (0°ET'ZT6)V 0T 60 (%L6T)PT  (%€08).S 98 11 jonuoD
(9T'T'%20)eS0 (v6'0'52°0)67°0  (G525'8°02)8'LE (0£'T'9€°0)8L°0 (6eT'8€0)2L0  (L2T'LL)ETT (%8 LM)TT (%2282t Se 9 Auy
110Y02
1710 CRITETETE}S I w00} soussyey  (€'9Z'CTIIWET €50 soualsyed  TE0 souaisyed  (L'TT'2'9)0'6 190 (%LTY)OT  (%EBIVT 12 1/1  uonepifen
(ET'T'870)7L0 (68°0'T7'0)09°0  (S'6€'272)062 (9T'1'95°0)T8°0 (r0T'es0)¥L0  (62T'€6)STT (%r08)Te  (%969)87 €L 9 Auy
110y02
9T'0 30UaJ3y 6000 souaseyey  (§°22'9'81)9'€ G20 Uy €00 soualeyed  (0°Z1'8'8)6'6 ve0  (%8L8)T€  (%Z29)IS 16 /L Buwrely
adA-p|L
Svd
anfea e (10%¢56)  anfen  (109656) ¥H Amﬁcoev anfea e (10%56)  anfen  (109%656) ¥H ﬁmﬁco;w anjea ON sSA N adAousn
d d ‘(10%56 d d ‘(10%56 disal
150) dH pawsnlpy 1501 uelps|N 159) dH pawsnipy 1591 uelpaN  atenbs
Plem Mued prem\ Mued -1yD
-Bo -6o7
|eAIAINS |[eA8AO [eAIAINS d84)-Uo1ssadboad asuodsaJ sowny

Berger et al.

snyels Sy 01 Buipiodae swisned DYOW Buouwre SaWoIN0 [LaIUIfD pue 800SSSSI ZOdSH UsamIag UONEBIJ0SSY

‘€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



	Abstract
	INTRODUCTION
	PATIENTS AND METHODS
	Study design and patient population
	Candidate polymorphisms
	Genotyping
	Statistical analysis

	RESULTS
	DISCUSSION
	References
	Figure 1:
	Figure 2:
	Table 1.
	Table 2.
	Table 3.

