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Abstract

Hypertension is a common bevacizumab-induced toxicity. No markers are available to predict
patients at risk of developing hypertension. We hypothesized that genetic risk of essential
hypertension, as measured by a blood pressure polygenic risk score (PRS), would be

associated with risk of severe bevacizumab-induced hypertension. PRS were calculated for

1,027 bevacizumab-treated cancer patients of European descent from four clinical trials (Alliance/
CALGB 80303, 40503, 90401, 40502) using summary systolic (SBP) and diastolic (DBP)
genome-wide association results obtained from 757,601 European descent individuals. The
association between PRS and grade 3 bevacizumab-induced hypertension (CTCAE v3) in each
trial was performed by multivariable logistic regression. Fixed-effect meta-analyses odds ratios
(OR) per standard deviation (SD) of the association of PRS (quantitative) and hypertension across
trials were estimated by inverse-variance weighting. PRS were additionally stratified into quintiles,
with the bottom quintile as the referent group. OR of the association between hypertension
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and each quintile versus the referent group was determined by logistic regression. The most
significant PRS (quantitative)-hypertension association included up to 67 SNPs associated with
SBP (p=0.0077, OR per SD=1.31, 95% CI: 1.07-1.60), and up to 53 SNPs associated with DBP
(p=0.0209, OR per SD=1.27, 95% CI: 1.04-1.56). Patients in the top quintile had a higher risk of
developing bevacizumab-induced hypertension compared to patients in the bottom quintile using
SNPs associated with SBP (p=4.75x10"4, OR=3.72, 95% Cl: 1.84-8.16) and DBP (p=0.076,
OR=1.83, 95% CI: 0.95-3.64). Genetic variants associated with essential hypertension, mainly
SBP, increase the risk of severe bevacizumab-induced hypertension.
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Introduction

Bevacizumab is a VEGF-pathway inhibitor approved in the US and Europe to treat
numerous cancers, including metastatic colorectal cancer, metastatic breast cancer,
unresectable advanced, metastatic or recurrent non-small cell lung cancer, advanced or
metastatic renal cell cancer, recurrent glioblastoma, advanced ovarian and cervical cancers,
and hepatocellular carcinoma 12, The antitumor efficacy of bevacizumab relies on direct
neutralization of VEGF and hence inhibition of the VEGF-signaling pathway, which is
involved in endothelial survival, vascular permeability, and therefore tumor angiogenesis 3.

Hypertension, which can be life-threatening, is one of the most frequent toxicities induced
by bevacizumab and other VEGF-pathway inhibitors, with severe cases (grades 3-4)
reported in up to 27.6% of patients treated with bevacizumab 4. A meta-analysis showed

that bevacizumab use is associated with a higher risk of severe hypertension with a relative
risk of 5.28 (95% confidence interval, Cl of 4.15-6.71) °. The primary proposed mechanism
of hypertension induced by VEGF-pathway inhibitors involves blockage of the nitric oxide
(NO) pathway 6. The VEGF signaling pathway augments the transcription of endothelial NO
synthase. The blockage of NO production leads to vasoconstriction, increased vascular tone,
and hence hypertension.

There are no markers applied in the clinic to inform decisions for risk assessment of patients
before treatment with bevacizumab or any other VEGF-pathway inhibitors. A few studies
have reported associations of single nucleotide polymorphisms (SNPs) with hypertension
induced by these drugs 79, and we have previously discovered and validated a SNP

in KCNABI associated with the risk of grade =2 bevacizumab-induced hypertension in

the largest genome-wide association study (GWAS) meta-analysis of bevacizumab-induced
hypertension patients to date 4. However, the SNPs previously identified had a relatively
small effect size. Polygenic risk scores (PRS) have emerged in recent years as a way of
quantifying the combined effect of SNPs on phenotype risk, where PRS are estimated values
of an individual genetic liability to a phenotype based on the effect size of a group of genetic
variants. This approach is particularly relevant for polygenic traits, such as drug-induced
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hypertension, for which it is much more likely that a group of genetic variants explains the
variance between phenotypes than a single genetic variant.

The calculation of PRS to predict patients at risk of drug-induced toxicities has been
essentially unexplored, with the exception of a few studies for drug-induced liver injury

10, Essential hypertension is one of the major modifiable risks of cardiovascular diseases
11 and is likely to share genetic factors that are modifiers of the risk of drug-induced
hypertension. From this perspective, essential hypertension and drug-induced hypertension
might be considered similar phenotypes (proxy traits). The effect of PRS calculated based
on proxy traits has been demonstrated in several studies 12-14. Therefore, herein we report
results of the generation of PRS for severe bevacizumab-induced hypertension using the
largest cohort of genome-wide data available for bevacizumab treated patients 4 and based
on data from the largest GWAS meta-analyses conducted for blood pressure (BP).

Study population

This study included patients with advanced or metastatic cancer treated with bevacizumab
from four phase Il clinical trials from the Cancer and Leukemia Group B (CALGB, now
part of the Alliance for Clinical Trials in Oncology, Alliance), CALGB 80303, 40503,
90401, and 40502. Only genetically determined European ancestry patients were included,
according to the principal component analysis for clustering by Eigenstrat 1°.

CALGB 80303, 40503, and 90401 were randomized studies placebo-controlled versus
bevacizumab, while CALGB 40502 was randomized to bevacizumab combined with
different chemotherapies. CALGB 80303 included patients with advanced pancreatic cancer
treated with gemcitabine and 10 mg/kg bevacizumab. CALGB 40503 included patients with
hormone receptor-positive advanced-stage breast cancer treated with letrozole and 15 mg/kg
bevacizumab. CALGB 90401 included patients with metastatic castration-resistant prostate
cancer treated with docetaxel in combination with prednisone and 15 mg/kg bevacizumab.
CALGB 40502 included patients with recurrent or metastatic breast cancer treated with
paclitaxel, or nab-paclitaxel, or ixabepilone with 10 mg/kg bevacizumab. Additional details
on the design of the clinical trials, patient eligibility, clinical baseline characteristics, and
treatments are reported in previous publications #16-19 and in Table 1.

Bevacizumab-induced hypertension

Bevacizumab-induced hypertension was recorded by the CALGB (Alliance) Statistics and
Data Center according to pre-specified criteria described in the protocol for each trial 16-19,
In the four clinical trials, blood pressure was measured prior to bevacizumab treatment on
day 1 of the first cycle. Hypertension was recorded according to the Common Toxicity
Criteria for Adverse Events (CTCAE) version 3.0. Grade 3 hypertension (severe cases) was
used as the cut-off for the analysis and it is defined as recurrent or persistent (=24 h) or
symptomatic blood pressure increase by >20 mm Hg (diastolic) or to >150/100 mm Hg,
requiring more than one drug or more intensive therapy than previously. Only hypertension
with attribution of “possibly related” or higher, according to the National Cancer Institute
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(NCI) Guidelines 29, was included. Only patients with no hypertension before receiving
bevacizumab were enrolled in the four clinical trials, and more details on the inclusion
criteria for the cardiovascular status prior to treatment have been reported previously 4 and
are also described in the Supplementary File.

Genotyping, quality control, and imputation

Germline DNA was obtained from peripheral blood and genotyped using the Illumina
HumanHap550-Quad platform (CALGB 80303 and 90401) and the Illumina Human
OmniExpressExome-8 platform (CALGB 40503 and 40502). Details on quality control
(QC) and number of SNPs excluded due to call rate less than 95%, minor allele frequency
(MAF) less than 5%, and Hardy-Weinberg equilibrium with p-value <1.00x1078 can be
found in previous publications 421-24, This study represents the first time that imputation
for unobserved and missing genotypes has been performed in CALGB 80303, 40503,
90401, and 40502. Imputation was performed using the TOPMed Imputation Server

(TIS, https://imputation.biodatacatalyst.nhlbi.nih.gov/). Following the practices used for
eMERGE3 25, all eligible samples were uploaded together for imputation. Genotype data
were pre-processed for imputation using the latest version of the Rayner imputation data
preparation utilities (https://www.well.ox.ac.uk/~wrayner/tools/), modified to work with the
TOPMed Freeze5 GRCh38 reference panel. Pre-phasing was performed on the TIS using the
reference-based phasing algorithm Eagle 26 v2.4. Post-imputation quality control included
filtering out all variants with an imputation quality r2 < 0.3 and examining overall allele
frequency concordances for respective genetic ancestry groups.

PRS calculation

A summarized scheme of the methods for PRS analysis is shown in Figure 1. PRS were
calculated using two input datasets, target and base datasets. PRS combine the effects of
the risk alleles at pre-specified p-value thresholds from a base GWAS summary statistics
into a single risk score. The number of risk alleles that each subject in the target dataset
possesses for a specific SNP is weighted by the effect size of that SNP in the base dataset.
The base dataset included two GWAS meta-analyses for BP, one of systolic BP (SBP)

and one of diastolic BP (DBP), of 757,601 individuals of European descent from the UK
Biobank and the International Consortium of Blood Pressure Genome-Wide Association
Studies (ICBP) 27. The GWAS summary statistics of the base dataset were downloaded
from the NHGRI-EBI Catalog of human GWAS 28, LiftOver 2° was used for standardizing
genome builds across the target (hg38) and base (hg19) datasets. PRS were calculated in
each study of the target dataset (CALGB 80303, 40503, 90401, and 40502) using PRSice-2
30, PRSice-2 uses the classic “clumping and thresholding” method for PRS calculation,
which combines linkage disequilibrium (LD) clumping with p-value thresholding. As
default in PRSice-2, LD clumping was performed with any SNP within 250 kb and in

LD (r2 > 0.1) with the leading SNP (lowest p-value) in a given region. PRS for grade

3 bevacizumab-induced hypertension were calculated at forty different p-value thresholds
(1x10740, 1x10739, 1x10738... 0.01), using standardized effect size and including age, sex,
and the first three principal components as covariates. Because the optimal p-value threshold
is unknown a prior, the use of a range of thresholds is preferred instead of using a single
arbitrary p-value threshold to calculate PRS in order to avoid underperformance of the PRS
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prediction 3. A liberal range of forty p-value thresholds was chosen because drug-induced
hypertension is a highly polygenic phenotype with many loci with very small effects, and a
large GWAS was used as the base dataset. For guarding against generation overfit prediction
models and to correct for multiple testing, permutation testing with 10,000 permutations of
the model was performed. The distributions of pseudo explained variance (Nagelkerke’s R?)
and optimal p-value thresholds were calculated. The proportion of variance explained by
PRS was estimated as the difference in Nagelkerke’s R? between the full model (including
PRS plus covariates) and the null model (only covariates). Receiver operating characteristic
curves (ROC) were used to estimate the area under the curve (AUC).

Statistical analysis

In each trial, the association between PRS (quantitative) and grade 3 bevacizumab-induced
hypertension was evaluated by multivariable logistic regression by PRSice-2 as described
above. Fixed-effect meta-analyses odds ratio (OR) per standard deviation (SD) of the
association of PRS (quantitative) and hypertension across trials was obtained by inverse
variance for PRS generated in each p-value threshold for SBP and DBP, and a meta-analysis
p-value <0.05 was considered the cut-off for statistical significance. For the p-value
threshold corresponding to the most statistically significant association between a PRS
(quantitative) and grade 3 bevacizumab-induced hypertension, PRS were stratified into
quintiles for additional interpretation, with the bottom quintile modeled as the referent
group. The OR of the association between hypertension and each quintile versus the referent
group was estimated by logistic regression and a p-value <0.05 was considered the cut-off
for statistical significance. All analyses were performed using the statistical software R
v4.0.2 (R Core Team, Vienna, Austria) and its extension packages, including PRSice-2 30
and meta 32. Data quality was ensured by review of data by the Alliance Statistics and Data
Management Center and by the study chairperson following Alliance policies.

Gene set enrichment analysis

An unsupervised gene set enrichment analysis using the Ingenuity Pathway Analysis (IPA®,
Qiagen) software was performed to identify the main signaling pathways involving genes
located in or near (upstream or downstream) SNPs used to calculate PRS for SBP and PRS
for DBP.

Sex-based analysis

Results

Because of the higher prevalence of bevacizumab-induced hypertension in female than male
patients, we have also performed meta-analyses for the association between the PRS and
grade 3 bevacizumab-hypertension only in either female or male patients.

A total of 1,027 patients with cancer treated with bevacizumab were included in this
study. Details on the demographics and characteristics of patients included in each trial
are described in Table 1. The majority of patients was female (60.9%) with a mean age
of 61.7 £ 11.3 years. Grade 3 hypertension was reported in 6.7-27.6% between the trials,
with a higher prevalence observed in the clinical trials that included only female patients
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(breast cancer studies, CALGB 40503 and 40502) as discussed in the previous publication
4 CALGB 80303 was the only study that included both female and male patients and grade
3 hypertension was recorded in 14.1% of females (9 patients) and in 11.1% of males (10
patients). No grade 4 hypertension was reported.

PRS-hypertension association

The numbers of SNPs overlapping between the target and base datasets were 2,070,648
(CALGB 80303), 2,073,393 (CALGB 40503), 2,070,154 (CALGB 90401), 2,082,251
(CALGB 40502).

SNPs associated with SBP—The most statistically significant meta-analysis association
between PRS (calculated based on SNPs associated with SBP) and grade 3 bevacizumab-
induced hypertension included up to 67 SNPs within a p-value threshold = 1.0x1072°
(p=0.0077, OR per SD =1.31, 95% CI: 1.07-1.60) and were used for the downstream
analysis. No covariates were statistically significant associated with grade 3 bevacizumab-
induced hypertension (p-value >0.05). The results of each study association analysis using
the p-value threshold of 1.0x1072° are described in Table 2. The list of SNPs associated with
SBP and included in the PRS calculation and their weight in the base dataset are shown

in Table S1. The results of the association between PRS and grade 3 bevacizumab-induced
hypertension for all p-value thresholds tested are reported in Table S2.

Three out of the four studies showed a concordant direction of effect and patients with
higher PRS are at higher risk of developing grade 3 bevacizumab-induced hypertension
(Table 2). The PRS explained between 1.2% to 8.6% (Nagelkerke’s RZ = 0.012-0.086) of
the variance of grade 3 bevacizumab-induced hypertension, with an AUC between 0.56 and
0.73 (Table 2). In addition, we observed a 3.72-fold higher odds of grade 3 bevacizumab-
induced hypertension between the top and the referent quintiles of the PRS (OR=3.72, 95%
Cl: 1.84-8.16, p=4.75x1074, Figure 2).

SNPs associated with DBP—The most statistically significant meta-analysis association
between PRS (calculated based on SNPs associated with DBP) and grade 3 bevacizumab-
induced hypertension included up to 67 SNPs within a p-value threshold = 10x10739
(p=0.021, OR per SD=1.27, 95% CI: 1.04-1.56) and were used for the downstream analysis.
No covariates were statistically significant associated with grade 3 bevacizumab-induced
hypertension (p-value >0.05). The results of each study association analysis using the
p-value threshold of 10x10739 are described in Table 2. The list of SNPs associated with
DBP and included in the PRS calculation and their weight in the base dataset are shown

in Table S3. The results of the association between PRS and grade 3 bevacizumab-induced
hypertension for all p-value thresholds tested are reported in Table S2.

Three out of the four studies showed a concordant direction of effect and patients with
higher PRS are at higher risk of developing grade 3 bevacizumab-induced hypertension
(Table 2). The PRS explained between 0.7% to 6.1% (Nagelkerke’s RZ = 0.007-0.061) of
the variance of grade 3 bevacizumab-induced hypertension across studies, with an AUC
between 0.56 and 0.69 (Table 2). In addition, we observed a 1.83-fold higher odds of grade
3 bevacizumab-induced hypertension between the top and the referent quintiles of the PRS,
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but without reaching statistical significance (OR=1.83, 95% CI: 0.95-3.64, p=0.076, Figure
2).

Gene set enrichment analysis

Gene set enrichment analysis was performed with 73 and 62 genes located in or near
(upstream or downstream) SNPs used to calculate PRS for SBP and PRS for DBP,
respectively (Tables S1 and S3), and the top 50 signaling pathways are shown in Figure
S1. Supplementary File 2 contains the details on all signaling pathways identified in this
analysis with their respective p-values and genes.

Sex-based analysis

The meta-analyses for the association between PRS and grade 3 bevacizumab-induced
hypertension in either female (n=625) and male patients (n=402) showed a statistically
significant association between PRS and hypertension in female patients for PRS calculated
based on SNPs associated with SBP (p=0.0238, OR per SD=1.30, 95% CI: 1.03-1.65) and
DBP (p=0.0485, OR per SD=1.27, 95% CI: 0.84-1.86) (Table S4). The association between
PRS and hypertension in male patients did not reach statistical significance (Table S4).

Discussion

Calculation of PRS for target traits based on GWAS of a proxy trait is a powerful strategy
to optimize the identification of causal genetic variants when there are no large GWAS

on the target trait available or feasible 31. The present study represents the first time that
such an approach was applied to assess the risk of drug-induced toxicity. Using the largest
GWAS meta-analyses for BP traits ever conducted as a base dataset, we have calculated
PRS for severe bevacizumab-induced hypertension in 1,027 cancer patients. We found that
genetic variants associated with essential hypertension, mainly SBP, increase the risk of
severe bevacizumab-induced hypertension.

We have provided evidence for the shared genetic effects between increased SBP and

DBP and severe bevacizumab-induced hypertension. The PRS calculated based on SNPs
associated with increased SBP explained up to 8.6% variance of severe bevacizumab-
induced hypertension with an AUC up to 0.73 (95% ClI: 0.62-0.83), while PRS calculated
based on SNPs associated with increased DBP explained up to 6.1% variance of severe
bevacizumab-induced hypertension with an AUC up to 0.69 (95% CI: 0.59-0.80). The AUC
observed are similar to previous reported PRS for drug-induced toxicity, more specifically
liver injury 10,

SBP is more predictive of cardiovascular outcomes when compared to DBP 32, and an
increase in SBP frequently occurs without an increase in DBP 34, known as isolated systolic
hypertension. In the present study, patients with a moderate to high PRS for increased SBP
(quintiles 3-5) were more than 3-fold more likely to develop severe hypertension when
treated with bevacizumab when compared to patients with lower PRS (quintiles 1 and 2).
Patients with a high PRS for increased DBP (quintiles 4 and 5) were only 1.8-fold more
likely to develop severe hypertension compared to patients with lower PRS (quintiles 1-3)

Clin Pharmacol Ther. Author manuscript; available in PMC 2023 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Quintanilha et al.

Page 8

for increased DBP. Therefore, our findings also indicate that the genetics of SBP is more
associated with drug-induced hypertension than DBP.

Endothelial dysfunction is one of the major determinants for isolated systolic hypertension
due to increased arterial stiffness 3°. Thus, a possible explanation for the effect of SBP

on bevacizumab-induced hypertension is that endothelium dysfunction and reduced NO

due to bevacizumab treatment increase arterial stiffness, and associated with an increased
genetic risk for increased SBP, lead to an increased risk of severe bevacizumab-induced
hypertension when compared with patients with a low PRS for increased SBP. Isolated
systolic hypertension comprises 80% of the hypertension cases of individuals 60 years older
36, and a significant proportion of cancer patients treated with bevacizumab might have
genetic factors associated with increased SBP. The calculation of PRS before treatment with
bevacizumab and other VEGF-pathway inhibitors can be used to identify these patients prior
to treatment.

The gene set enrichment analysis revealed an enrichment of critical cardiovascular signaling
pathways for genes in or near SNPs used to calculate both PRS for SBP and PRS for DBP
(Figure S1). The cardiac hypertrophy signaling pathway was the most statistically significant
pathway in the enrichment analysis for both PRS for SBP and PRS for DBP, which was
expected because hypertension is the primary cause of left ventricular hypertrophy 37.
Interestingly, the NO signaling pathway in the cardiovascular system was also statistically
significant associated with genes in or near SNPs in both PRS for SBP and PRS for DBP,
showing that SNPs used for PRS calculation are directly associated with the function of the
endothelium and possibly increasing the risk of endothelial dysfunction with bevacizumab
therapy. Other cardiovascular related signaling pathways associated with either PRS for SBP
or PRS for DBP include dilated cardiomyopathy, cardiac rhythm, apelin cardiomyocyte, and
renin-angiotensin signaling pathways. The role of these pathways in bevacizumab-induced
hypertension should be further investigated.

A higher prevalence of bevacizumab-induced hypertension was observed in female patients
compared to male patients, as previously reported 4, potentially because of a lower clearance
of bevacizumab in females compared to males 2. CALGB 80303 was the only study that
included both female and male patients and showed an opposite direction of effect in both
PRS calculated based on SNPs associated with SBP and DBP. However, in the sex-based
analysis (Table S4), both PRS for SBP and PRS for DBP in only female patients of CALGB
80303 showed the same direction of effect increasing the risk of grade 3 bevacizumab-
induced hypertension. In addition, when meta-analyzed with studies that included only
female patients (CALGB 40502 and 40503), the association reached statistical significance.
The opposite direction of effect observed in the analysis of all patients in CALGB 80303
was driven by the association between PRS and male patients (Table S4).

The emerging area of cardio-oncology has been focused on understanding the risk of
toxicities induced by cancer treatment. A scientific statement published by the American
Heart Association 38 highlights the future research directions in vascular cardio-oncology,
including the better identification of patients at risk for cardiovascular toxicities during
treatment with VEGF-pathway inhibitors and genetic inquiries for risk of toxicity. In
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addition, the very novel concept of onco-hypertension has been proposed to disseminate
the need for further studies to uncover the complex pathophysiology of drug-induced
hypertension in cancer patients 3. This present study is the first to investigate the
influence of genetic factors associated with blood pressure on the risk of drug-induced
hypertension during cancer treatment, leading to future insights and applications. Our
findings might have important implications for identifying patients at higher risk of
developing severe hypertension during cancer therapy and for understanding the complex
polygenic relationship underlying this toxicity.

This study has some limitations. The relatively small sample size of the target dataset when
compared to the base dataset and the inclusion of patients from different clinical trials

can introduce some heterogeneity in the sample. All four clinical trials were conducted in

a single cancer network, and the standardized collection of the phenotypic and genotypic
minimizes the effects of possible confounding due to these differences. Moreover, we have
used data from the largest cohort comprising genome-wide and hypertension data of patients
treated with bevacizumab, performing the analyses in the largest sample size available to

us. The associations between PRS and bevacizumab-induced hypertension were concordant
for three out of the four studies and were driven mainly by CALGB 90401. The fact

that patients in CALBG 90401 had a higher age when compared to the other studies and
received concomitant docetaxel, which can also induce cardiovascular toxicities 38, should
be considered when interpreting the results. Still, docetaxel-induced cardiovascular toxicity
is characterized by capillary leak rather than hypertension 38. We have only calculated PRS
for patients of European descent, as we do not have access to genomic and hypertension data
of a large number of patients of other ethnicities treated with bevacizumab, and more efforts
in this regard need to be applied to extend the application of PRS to other ethnicities as well.
Finally, the evaluation of PRS in additional cohorts of patients treated with VEGF-pathway
inhibitors needs to be further investigated to validate our findings.

In conclusion, we have generated PRS for the risk assessment of severe bevacizumab-
induced hypertension in cancer patients. Patients with moderate to high PRS for increased
SBP are at high risk of developing severe hypertension when treated with bevacizumab and
possibly with other VEGF-pathway inhibitors. To the best of our knowledge, this is the first
study showing the contribution of genetics for increased SBP for drug-induced hypertension
in cancer patients. The availability of the list of genetic variants used to calculate PRS in this
study allows for testing for replication of our findings in future studies, and, if validated in
additional cohorts, the SNPs selected can be genotyped for PRS calculation before treatment
with bevacizumab for a better risk assessment of cancer therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Study Highlights
What is the current knowledge on the topic?

Hypertension is a common toxicity experienced by patients treated with bevacizumab
and other VEGF-pathway inhibitors, compromising the duration and efficacy of the
therapy with these agents. Although few studies have reported associations of SNPs with
hypertension induced by these drugs, there are no biomarkers applied in the clinic to
inform decisions for risk assessment of patients before treatment with bevacizumab or
any other VEGF-pathway inhibitors.

What question did this study address?

We hypothesized that genetic risk of essential hypertension, as measured by a
blood pressure polygenic risk scores (PRS), would be associated with risk of severe
bevacizumab-induced hypertension.

What does this study add to our knowledge?

This study provides evidence that genetic variants associated with blood pressure, mainly
systolic blood pressure, can be used to predict severe drug-induced hypertension in
cancer patients treated with bevacizumab.

How might this change clinical pharmacology or translational science?

In addition to the contribution for understanding the mechanism of bevacizumab-induced
hypertension, if validated in additional cohorts, the SNPs selected by this study can

be genotyped for PRS calculation before treatment with bevacizumab for a better risk
assessment of cancer therapy.
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Figure 1. Scheme of the method for polygenic risk scores (PRS) analysis for bevacizumab-
induced hypertension based on GWAS for increased systolic blood pressure (SBP) and diastolic

blood pressure (DBP).

CALGB: Cancer and Leukemia Group B; ICBP: International Consortium of Blood

Pressure; PCs: principal components.
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Figure 2.
Association between quintiles of the polygenic risk score (PRS) based on SNPs associated

with systolic blood pressure (SBP) on the left and SNPs associated with diastolic blood
pressure (DBP) on the right.
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Characteristics of cancer patients treated with bevacizumab included in each clinical trial
of the study population.

No grade 4 toxicity was reported. CALGB: Cancer and Leukemia Group B; SD: standard deviation.

Clinical trial CALGB 80303 CALGB 40503 CALGB 90401 CALGB 40502
(n=154) (n=105) (n=312) (n=456)
Age (mean + SD) 64.4 +10.5 56.9+11.7 68.4+8.3 57.1+10.6
Male 90 0 312 0
Female 64 105 0 456
Cancer type Advanced pancreatic Hormone receptor- Metastatic castration- Recurrent or metastatic
cancer positive, advanced- resistant prostate breast cancer
stage breast cancer cancer
Drug treatment combined Gemcitabine Letrozole Docetaxel Paclitaxel or nab-paclitaxel
with bevacizumab or ixabepilone
Hypertension grade 3 19 (12.3%) 29 (27.6%) 21 (6.7%) 49 (10.7%)

(CTCAE v 3.0
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