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Abstract

Background—\VEGF signaling pathway inhibitor (anti-VEGF) therapy is associated with
hypertension, but little is known about predisposing clinical characteristics. This study describes
the real-world association between baseline clinical characteristics, blood pressure (BP) response,
and survival in patients prescribed anti-VEGF therapies.

Methods—Clinical data from Partners HealthCare in Massachusetts was obtained from adults
treated with anti-VEGF therapies (2002-2013). Treatment-induced hypertensive response was
defined as worsening of pre-existing hypertension or new diagnosis of hypertension (if no prior
hypertension history).

Results—Data from 1120 patients with renal cell carcinoma (32.2%), hepatocellular carcinoma
(11.6%), gastrointestinal stromal tumors (12.5%) and other sarcomas (15.3%) were analyzed.
Most patients received sunitinib (52%), sorafenib (25.9%) or pazopanib (18%). A treatment-
induced hypertensive response was identified in 49.7% of treated patients. Pre-existing
hypertension, present in 65.4%, was an independent risk factor for BP elevation (odds ratio (OR)
1.56, 95% confidence interval (CI) 1.27-1.92); other risk factors included age =60 years (OR 1.26,
95%CI 1.06-1.52), and body mass index (BMI) =25 kg/m? (OR 1.26, 95%CI 1.04-1.53). Race,
gender, anti-VEGF therapy prescribed, and baseline antihypertensive class were not significant
risk factors. The absolute observed mean increase in BP was 21 mmHg (systolic) / 15 mmHg
(diastolic), both in patients with and without pre-existing hypertension. The development of
hypertension predicted improved survival (hazard ratio 0.76, 95%CI 0.65-0.89).

Conclusions—Pre-existing hypertension, age, and BMI identify patients at risk for significant
anti-VEGF therapy-induced BP elevation. Hypertension appears to be a clinical biomarker of
efficacy to anti-VEGF therapies in a broad range of malignancies.
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Introduction

Vascular endothelial growth factor (VEGF) signaling pathway inhibitors (anti-VEGF
therapies) play an increasingly important role in the management of solid tumors,! with
approved indications including advanced renal cell carcinoma (RCC), hepatocellular cancer
(HCC), gastrointestinal stromal tumors (GIST), differentiated thyroid cancer, medullary
thyroid cancer, and pancreatic neuroendocrine tumors.!

Hypertension is a common side effect of anti-VEGF therapies. The reported incidence of all-
grade hypertension ranges from 25% with sorafenib,? sunitinib,3 and vandetanib,* to 40%
with pazopanib® and axitinib.® In addition, multiple case reports describe acute hypertensive
complications of therapy with anti-VEGF therapies such as malignant hypertension’ and
posterior reversible encephalopathy syndrome.8 The mechanism of development of
hypertension in patients taking anti-VEGF therapies remains obscure® but likely represents
on-target effects. This is evidenced by the higher incidence of hypertension seen with more
potent anti-VEGF therapies such as pazopanib and axitinib and by the finding of a
correlation between the occurrence of hypertension and tumor response and survival in
secondary analyses of large clinical studies.1% 11 Furthermore, studies have shown that
separate genetic polymorphisms in the genes encoding VEGF-A and its main receptor,
VEGFR-2, predispose to either tumor response or the development of hypertension.12
Activation of the VEGF signaling pathway leads to increased production of nitric oxide
(NO) and other vasodilators; some, but not all, studies have shown that blocking this
pathway with anti-VEGF therapies reduces serum levels of NO metabolites.® Another
proposed mechanism include increased activation of the endothelin-1 system, a potent
vasoconstrictor.?

Despite the frequent use of anti-VEGF therapies, and thus the frequent occurrence of
treatment-related hypertension, little has been published on clinical risk factors for the
development of hypertension. The goal of the current analysis was to evaluate pre-existing
hypertension and, in an exploratory manner, other clinical characteristics, as risk factors for
the development of hypertension in patients receiving anti-VEGF therapies. The second goal
was to evaluate the effect of a treatment-induced hypertensive response on overall survival
(OS) and to explore the effect of baseline antihypertensive treatment on OS in a cohort of
patients treated outside of a clinical trial setting.

Materials and methods

Cases were identified using the electronic medical record (EMR) used by Partners
HealthCare, an integrated health care delivery network in eastern Massachusetts. Case
selection criteria were: initiation of any one of six Food and Drug Administration (FDA)-
approved anti-VEGF therapies (sunitinib, sorafenib, pazopanib, axitinib, regorafenib or
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vandetanib), no previous anti-VEGF therapies treatment, age >18 years, receiving care from
a clinician at Partners HealthCare, and at least one follow-up visit during anti-VEGF
therapies therapy. Cases were excluded if the anti-VEGF therapy was stopped less than
seven days after initiation, if the subject had any prior exposure to anti-VEGF therapies.

Eligible cases were identified using a search in the EMR, from which all relevant data was
extracted, including the patient’s demographic information, diagnoses, medications and vital
signs. The patient’s charts were manually reviewed to confirm the cancer diagnosis and the
initiation date of the anti-VEGF therapies, and to obtain missing data.

The study was approved by the Institutional Review Board of Partners HealthCare.

Definition of outcomes

Our primary aims were to test pre-existing hypertension as a risk factor for the development
of a treatment-induced hypertensive response, and whether a treatment-induced hypertensive
response predicts survival. We defined pre-existing hypertension based on the presence of at
least one of the following criteria at any point prior to the date of initiation of the anti-VEGF
therapy: (1) hypertension listed as a new diagnosis in the EMR, (2) at least one
antihypertensive medication prescription, (3) systolic blood pressure (BP) =160 mmHg or
diastolic BP =100 mmHg (to align with version 4.0 of the CTCAE and Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure
(JNC) 7).13:14 The primary outcome was evidence of a treatment-induced hypertensive
response (follow-up was until the first anti-VEGF therapy was stopped or changed to
another anti-VEGF therapy). In those without pre-existing hypertension, a treatment-induced
hypertensive response was defined as the occurrence of any of the above three criteria
during the time period that the patient was taking anti-VEGF therapy. In patients with pre-
existing hypertension, the treatment-induced hypertensive response was defined as having
one or both of the following criteria while taking anti-VEGF therapy: (1) dose increase of a
prior antihypertensive medication or/and addition of a new antihypertensive medication (2)
systolic BP =160 mmHg or diastolic BP =100 mmHg (grade 3 or higher in CTCAE v4.0).14
Classes of antihypertensive medications included in the study included beta blockers,
calcium channel blockers, angiotensin-converting enzyme inhibitors (ACEis), angiotensin
receptor blockers (ARBS), mineralocorticoid antagonists, and diuretics; the loop diuretic
furosemide was excluded as it is frequently prescribed for management of edema. BP
response to anti-VEGF therapy was calculated as the difference in the maximal BP recorded
and the baseline BP.

Statistical analysis

Continuous variables were graphically reviewed for normality and transformed if needed.
Summary statistics obtained include mean and standard deviation for continuous normally
distributed values; median, 251 / 75t percentile for non-normal continuous variables; and
number and percent of population at risk for categorical variables. Age was dichotomized
(age above or below 60 years), as was BMI (above or below 25 kg/m?).

To evaluate clinical risk factors for the development of hypertension, logistic regression was
used with the candidate risk factor as a predictor, both in univariate analysis and then in
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multivariable analysis. Potential confounders that were included were age, gender and race,
as well as any variable that had a p-value less than 0.15 on univariate analysis. Odds ratios
and 95% confidence intervals (Cl) are presented. Sensitivity analyses included comparing
those who developed the adverse BP response to those who did not using t-tests for
continuous variables and Pearson’s 2 test or Fisher’s exact test for categorical variables,
modeling time to development of hypertension using a Cox proportional hazard model, and
modeling the change in BP in a linear regression model.

OS was estimated using the Kaplan-Meier method, and a log-rank test was used to compare
patient groups. The influence of baseline characteristics on survival was evaluated using a
Cox proportional hazards model. The onset or worsening of hypertension was considered a
time-dependent covariate. Each factor was studied in a univariate model, and then included
in a multivariable model where age, sex and race were included by default, as well as factors
with a p-value below 0.15 in univariate analysis.

As there were two primary outcomes, a Bonferroni-corrected two-sided p-value <0.025 was
considered statistically significant. For the exploratory outcomes, a two-sided p-value <0.05
was used, with no adjustment for multiple comparisons. SAS version 9.3 (SAS, Cary, NC)
was used for all analyses.

Study population characteristics

The initial EMR query yielded 1775 potential patients. After manual review, 655 cases were
excluded (Figure 1), leaving 1120 participants for analysis. Baseline characteristics are
shown in Table 1. The majority of patients were male (62%) and Caucasian (89.5%). The
cancer diagnoses were combined into five groups: RCC (32.2%), HCC (11.6%),
gastrointestinal stromal tumors (GIST; 12.5%), non-GIST sarcomas (15.3%), and other
cancers (28.4%); all had unresectable or metastatic disease. Table 2 describes the
hypertension characteristics among patients; 65% had baseline hypertension. Patients with
RCC and HCC were more likely to have baseline hypertension than patients with GIST,
sarcomas or other cancers (p=0.0003).

Predictors of hypertension

As shown in Figure 2, there was a rapid and significant increase in mean BP following
initiation of anti-VEGF therapy. Table 3 describes the observed changes in BP after anti-
VEGF therapy initiation. The mean of the maximal increase in BP was 21 and 15 mmHg for
systolic and diastolic BP respectively, with no significant difference based on pre-existing
hypertension status. However, more patients with pre-existing hypertension achieved the
primary outcome of an adverse hypertensive response (55%, vs. 40% of patients with no
pre-existing hypertension). The median time to first documented development of the adverse
hypertensive response was 29 days. Although BP medication intensification of only one
medication was most common (n=161, 14.4%), a substantial proportion of patients required
a dose increase in two or more (n=77, 6.9%) medications or the addition of two or more
(n=167, 15.0%) new antihypertensive medications. ACEis / ARBs (n=133, 30.4%) and
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calcium channel blockers (n=104, 23.7%) were the most commonly used agents. Of note, 54
patients had a BP =160/100 mmHg prior to anti-VEGF therapy initiation; 12 of these had a
persistent BP above 160/100 mmHg after anti-VEGF therapy initiation and thus were
counted as individuals with worsening hypertension. In all but two of these patients, there
was an increase in BP with anti-VEGF therapy initiation.

Table 4 shows the results of both unadjusted and adjusted analyses of potential predictors of
the development of the treatment-induced hypertensive response. The primary adjusted
analysis found that pre-existing hypertension (OR 1.56, 95%CI 1.27-1.92) was a risk factor.
In exploratory analyses, age above 60 years (OR 1.26, 95%CI 1.06-1.52) and BMI above 25
kg/m?2 (OR 1.26, 95%CI 1.04-1.53) were additional independent risk factors. These identify
a population at high risk for the development of treatment-associated HTN; Table 5 shows
the risk by number of risk factors ranging from 31% if no risk factors to 62% in the presence
of all three risk factors. Sensitivity analyses (not shown) were performed using BP above
140/90 mmHg to define baseline hypertension, using the change in blood pressure while on
therapy as the outcome, and using the time to development of a hypertensive response.
These analyses yielded similar results to those presented herein.

Predictors of overall survival

Median OS in the overall population was 17.4 months. There was a survival advantage in
patients who developed hypertension while on anti-VEGF therapy; the unadjusted OS was
25.6 months in those who developed hypertension vs. 11.2 months in those who did not
develop hypertension (Table 6; adjusted HR 0.76, 95%CI 0.65-0.89). The persisted when
analyzing only those individuals with cancers other than RCC (n=732, HR=0.76, 95%CI
0.63-0.92, p=0.0066). Exploratory analyses revealed a higher hazard of death in patients
older than 60 years (unadjusted median OS was 15.2 months vs. 21.5 months in younger
patients; adjusted HR 1.27, 95%CI 1.08-1.49, p=0.0035) and in patients with cancers other
than RCC and GIST (unadjusted median OS 23.3 months for RCC, 34.6 months for GIST,
11.8 months for sarcomas other than GIST, 8.2 months for HCC, and 15.4 months for other
cancers). A lower hazard of death was observed in patients with BMI>25 kg/m? (unadjusted
median OS 22.5 months vs. 11.4 months in patients with lower BMI, adjusted HR 0.66,
95%Cl 0.56-0.77). We did not detect a survival advantage in patients treated with agents
that affect the renin-angiotensin-aldosterone system (n=304) vs. other antihypertensive
agents, whether in the overall population or in patients with RCC (n=109). The lack of
association persisted in sensitivity analysis using BP of 140/90 mmHg as a cut-off for
hypertension.10

Discussion

We describe herein the burden of hypertension in patients receiving anti-VEGF therapies for
their cancer in a large real-world dataset that includes many types of malignancies; our data
should thus be generally applicable to other clinical settings. We found that close to 50% of
patients experienced worsening of BP. We also describe risk factors for the development of
a treatment-induced hypertensive response: pre-existing hypertension, age =60 years, and
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BMI =25 kg/m2. Finally, we show the association between increasing blood pressure and
improved survival.

The rate of treatment-induced hypertensive response was higher than that observed in other
studies.2 15 There are several potential reasons for this. First, the definition of
hypertension has evolved. Earlier studies frequently reported hypertension based on the
CTCAE v3.0, which defined grade 3 hypertension as blood pressure requiring more than one
drug or more intensive therapy than previously. This is different from the newer CTCAE
v4.0 and INC7 definitions, which define grade 3 hypertension (or stage 2 hypertension) as
systolic BP =160 mmHg or diastolic BP =100 mmHg, generally requiring medical
intervention.13: 14 Second, prior reports have been largely based on data from randomized
controlled trials, where patients are required to have controlled BP prior to initiation of
therapy and may differ from the population in whom the medications are used after
approval. 16 Finally, awareness of a treatment-induced hypertensive response to anti-VEGF
therapy has increased over time. Hence, clinicians may be more vigilant in monitoring
patients and be more likely to intensify therapy and follow the patients closely when BP
elevation develops.

In the present analysis, the mean increase in BP from baseline to the maximal BP reading
was 21 and 15 mmHg for systolic and diastolic BP respectively. We, like others, found that
this increase occurs rapidly;17: 18 as shown in Figure 2, the difference could be seen within
the first 15-day period after anti-VEGF therapy initiation. The blood pressure increased
equally in those with and without pre-existing hypertension; as the former group has a
higher baseline blood pressure, it is not surprising that pre-existing hypertension emerged as
a risk factor for the development of a hypertensive response while on therapy. In view of the
large mean increase in BP, one reasonable approach to avoid clinically significant
hypertension and the acute complications thereof is to adequately control hypertension to
<140/90 mmHg before starting a anti-VEGF therapy.

Our study also identified age and BMI as risk factors; the increase in BP with age was not
observed in prior reports,19 but our study confirms a previous report that demonstrated an
association between adverse BP response and increasing BMI.19 It is unlikely that
differences in drug exposure account for the difference in risk, as age and weight have only
minimal influence on drug exposure and anti-VEGF therapy dosages are not weight-based.20
Although the findings persist after correcting for potential confounders, it is possible that
our findings represent residual confounding. While the reason for the increased risk
observed in these groups remains unclear, the findings remain clinically relevant: clinicians
should be aware of the higher risk of treatment-induced hypertension in patients with pre-
existing hypertension as well as in patients with increasing age and increasing BMI,
regardless of baseline hypertension status.

We did not find RCC to be a risk factor for the treatment-induced hypertensive response,
although these patients did have a higher baseline prevalence of BP. The same findings have
been reported in some, ° but not all,% 1° studies. The higher rates of baseline hypertension
observed in patients with RCC may be due to hypertension being a risk factor for RCC?! as
well as reflecting local tumor effects and renal dysfunction after nephrectomy.22
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The OS in our study is consistent with the OS reported in prior studies.23-2% The predictors
of improved survival that we identified (treatment-induced hypertension, lower age, higher
BMI, and RCC/GIST) have been described in some, but not all, prior studies. The
association between the development of hypertension and survival in metastatic RCC has
been described previously.1% 11 In terms of advanced age, it was reported to be associated
with reduced survival for RCC,26 but not for GIST in a smaller study.2” Higher BMI has
been described as a protective factor in prior studies in RCC, even after adjusting for stage,
tumor size, and grade.28 A potential explanation is differential expression of the fatty acid
synthase gene, shown to be important in tumor physiology.2? Also, lower BMI may be a
marker of weight loss or cachexia from tumor progression. We did not find a survival
advantage with baseline use of ACEis or ARBs, as has been found in prior studies.3%: 31 This
may be related to a smaller sample size in our study than in prior studies and hence
inadequate power. This is especially true if the beneficial effect of these antihypertensive
agents is restricted to RCC only, as this study only included 361 such patients.

This study, to our knowledge, is the largest study evaluating risk factors for the development
of hypertension in a variety of cancer patients receiving anti-VEGF therapies. It is also the
largest study looking at survival and hypertension using “real-world” data, applicable to
other clinical settings. Limitations include the retrospective nature and the electronic capture
of data, which may be associated with inaccuracies. An EMR diagnosis of hypertension may
be erroneous, and antihypertensive medications are prescribed for purposes other than blood
pressure control. However, this would have biased our study towards the null. We also
lacked complete data on prognostic markers, such as performance score, tumor stage and
grade, cancer progression, and prior therapies, and thus could not correct for these.

Nevertheless, the results of our study should encourage clinicians to pay particular attention
to BP in the first month after starting anti-VEGF therapies in high-risk patients, including
patients =60 years old and/or with a BMI of =25 kg/m2. Finally, further studies are needed
to elucidate the mechanism of hypertension with these agents, which may provide clues to
the vascular biology underlying human hypertension.
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Patients identified based on anti-VEGF
therapy in medication list (n=1775)

Excluded (n=655)

Already on anti-VEGF therapy at the time of first visit
(n=220)

— | [ Anti-VEGF therapy entered in error (n=165)

Did not start taking the prescribed anti-VEGF therapy
(n=135)

No follow-up (n=71)

\ 4
Included in study (n=1120)

Anti-VEGF therapy start date:
2002-2007: n=177
2008-2009: n=213
2010-2011: n=345
2012-2013: n=385

Figure 1.
Flow diagram of patients taking part of study.
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Figure 2.
Mean blood pressure before and after initiation of anti-VEGF therapy. The mean blood

pressures are calculated in 15-day intervals and represented in the middle of each interval

(the last time interval extends from 90 days to 200 days after initiation of anti-VEGF therapy

due to fewer blood pressure readings at that point). Bars refer to standard errors.
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Description of population

Table 1

Variable Mean+SD, median [Q1, Q3] or n (%) Range
Total 1120
Age (years) 60.5+13.4 19.0-92.4
Age = 60 years 609 (54.4)
Male gender 694 (62.0)
Race
White 1002 (89.5)
Black 34 (3.0)
Other or unknown 84 (7.5)
Time on anti-VEGF therapy (months) 4.3 [1.8, 10.5] 0.3-114.6
Follow-up time (months) 10.7 [4.5, 25.2] 0.3-127.0
Baseline vitals
Systolic BP (mmHg) 126.9+17.4 80-190
Diastolic BP (mmHg) 74.6+10.7 38-124
Pulse (beats/min) 80.7+16.7 40-140
BMI (kg/m?) 28.046.3 14.5-62.3
BMI =25 kg/m? 726 (64.8)
Type of cancer
Renal cell carcinoma 361 (32.2)
Sarcomas (other than GIST) 171 (15.3)
GIST 140 (12.5)
Hepatocellular carcinoma 130 (11.6)
Other 318 (28.4)
Neuroendocrine tumors 90 (8.0)
Thyroid cancer 74 (6.6)
AML 47 (4.2)
Colorectal cancer 22 (2.0)
Primary CNS tumors 16 (1.4)
Other tumors 69 (6.1)
Anti-VEGF therapy prescribed
Sunitinib 582 (52.0)
Sorafenib 290 (25.9)
Pazopanib 202 (18.0)
Other 46 (4.1)
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AML.: Acute myeloid leukemia. BMI: Body mass index. BP: Blood pressure. CNS: Central nervous system. GIST: Gastrointestinal stromal tumor.

Q1. First quartile. Q3: Third quartile. SD: Standard deviation. VVSP: Vascular endothelial growth factor signaling pathway.
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Table 2

Description of baseline hypertension

Variable n (%)*

Pre-existing hypertension 732 (65.4)

Hypertension criteria met

Taking antihypertensive agent 219 (29.9)

History of BP 2160/100 mmHg 70 (9.6)

Listed as diagnosis in medical record 11 (1.5)

Multiple criteria 432 (59.0)

Number of baseline antihypertensive agents

0 163 (22.3)
1 258 (35.3)
2 167 (22.8)
3 89 (12.2)
4 or more 55 (7.5)

Distribution of baseline antihypertensive agents

ACEis or ARBs 304 (41.5)
Beta blockers 333 (45.5)
Calcium channel blockers 173 (23.6)
Diuretics 134 (18.3)

Mineralocorticoid receptor antagonists 31 (4.2)

Other 38 (5.2)

. . * %
Prevalence of baseline hypertension by cancer

Renal cell carcinoma 259 (71.8)
GIST 78 (55.7)
Sarcomas (other than GIST) 105 (61.4)
Hepatocellular carcinoma 97 (74.6)
Other 194 (61.0)
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ACEi: Angiotensin-converting enzyme inhibitor. ARB: Angiotensin receptor blocker. BP: Blood pressure. GIST: Gastrointestinal stromal tumor.

*
Percentages refer to percentage of the hypertensive population (n=732) except for pre-existing hypertension (percentage of total population,

n=1120) and risk of baseline hypertension by cancer (percentage of patients with each cancer, n=variable).

*

*
p=0.0003
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Table 3

Description of the treatment-induced blood pressure response

Mean+SD, median [Q1, Q3] or n (%) Range
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Change in systolic BP (mmHg) 20.9+19.4 -78-104
Change in diastolic BP (mmHg) 14.5+11.6 -54-78
Time until maximal systolic BP measured (days) 44 [19-108] 1-2185
Time until maximal diastolic BP measured (days) 43 [29-105] 1-2133
Treatment-induced hypertensive response 557 (49.7)

Time to development of adverse BP response (days) 29 [14, 68] 1-1872
Treatment-induced hypertensive response in patients with no pre- existing 154 (39.8)

hypertension (n=388)

n (% of patients without pre-existing hypertension who

Criteria met: developed a treatment-induced hypertensive response)
Added as diagnosis in medical record 5@.2)
Antihypertensive agent started 50 (32.5)
BP reading =2160/100 mmHg 26 (16.8)
Multiple criteria 73 (47.1)
Treatment-induced hypertensive response in patients with pre-existing 403 (55.1)

hypertension (n=732)

n (% of patients with pre-existing hypertension who developed a

Criteria met: treatment-induced hypertensive response)
Antihypertensive agent added or dose intensified 130 (32.3)
BP reading 2160/100 mmHg 84 (20.8)
Both criteria 189 (46.9)

Number of medications added

n (% of all patients)

1 211 (18.8)
2 103 (9.2)
3 35 (3.1)

4 or more 29 (2.6)

Number of dose increases

n (% of all patients)

1 161 (14.4)
2 39 (3.5)
3 26 (2.3)
4 or more 12 (1.1)

Number of dose reductions

n (% of all patients)

1

70 (6.3)

2 or more

24 (2.1)

Class of first medication started / intensified

n (% of all medication intensifications)

ACEis or ARBs 133 (30.4)
Beta blockers 78 (17.8)
Calcium channel blockers 104 (23.7)

Cancer. Author manuscript; available in PMC 2016 January 15.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Hamnvik et al. Page 15

Mean+SD, median [Q1, Q3] or n (%) Range

Diuretics 29 (6.6)
Mineralocorticoid receptor antagonists 14 (3.2)
Others 9(2.1)
Multiple 71(16.2)

ACEi: Angiotensin-converting enzyme inhibitor. ARB: Angiotensin receptor blocker. BP: Blood pressure. GIST: Gastrointestinal stromal tumor.
Q1. First quartile. Q3: Third quartile. SD: Standard deviation. VVSP: Vascular endothelial growth factor signaling pathway.
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