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Abstract

Background: There is inconsistency in the criteria used to define anti-vascular endothelial
growth factor (VEGF) drug-induced hypertension (AVEGF-HT] in published studies. It is
unknown whether specific patient characteristics similarly predict AVEGF-HT using different
criteria.

Methods: We assessed the associations between clinical and demographic factors (n = 22)
and AVEGF-HT, using six criteria based on predefined on-treatment blood pressure (BP)
thresholds or absolute BP elevations versus baseline, in a post hoc analysis of a phase Il
trial of 1102 patients with renal cell carcinoma (RCC) randomized to pazopanib or sunitinib
(COMPARZ study).

Results: The cumulative incidence of AVEGF-HT at any time while on treatment ranged
between 14.8% [criterion: grade =3 toxicity, National Cancer Institute Common Terminology
Criteria for Adverse Events (NCI CTCAE) v3.0] and 58.8% (criterion: absolute systolic BP
increase =20 mmHg versus baseline). After adjusting for anti-VEGF treatment and baseline
BP, the number of significant (p < 0.05) predictors ranged between one (criterion: absolute
systolic BP increase =20 mmHg, on-treatment systolic BP =140 mmHg and diastolic BP
=90 mmHg) and nine (criterion: grade =3 toxicity, NCI CTCAE v3.0). Age, use of antidiabetic
drugs and use of antihypertensive drugs each significantly predicted four AVEGF-HT criteria.
By contrast, sex, smoking, heart rate, proteinuria, Karnofsky performance status, and use of
thiazide diuretics did not predict any criterion.

Conclusions: There was a significant variability in the incidence, number and type of
predictors of AVEGF-HT, using six different criteria, in a post hoc analysis of the COMPARZ
study. The use of specific criteria might affect the assessment of the interaction between anti-
VEGF drugs, AVEGF-HT and cancer outcomes.

Keywords: anti-VEGF drugs, blood pressure, cancer, hypertension, outcomes, renal cell
carcinoma
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Introduction

The vascular endothelial growth factor (VEGF)
regulates angiogenesis, a key pathophysiological
process in cancer, through the tyrosine kinase
receptors VEGFRI1 (Flt-1) and VEGFR2 (Flk-1)
and the endogenous messenger nitric oxide.!*
Several drugs inhibiting the effects of VEGF

(anti-VEGF drugs), either by targeting circulat-
ing VEGF or its receptors, have been shown to
improve survival outcomes in different types of
cancer.’> However, anti-VEGF drugs also increase
the risk of hypertension, particularly during the
first few weeks of treatment.? There is a
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significant variability, between 9% and 67%, in
the reported incidence of anti-VEGF drug-
induced hypertension (AVEGF-HT).¢

Although AVEGF-HT might require anti-VEGF
dose modification, withdrawal or treatment with
antihypertensive drugs, it might also predict
favourable survival outcomes in specific types of
cancer, including renal cell carcinoma (RCC).7-18
However, other studies have refuted this hypoth-
esis.19:20 Measurement of blood pressure (BP) in
these studies was performed at different time
points, using different protocols. Furthermore,
there was a considerable variability in the criteria
used for AVEGF-HT, which included ‘hyperten-
sion’ listed as diagnosis in medical records, the
use of antihypertensive drugs, a predefined abso-
lute BP increase from baseline, and on-treatment
BP values above predefined thresholds.?-17:19-21

Theoretically, the lack of consistency in the crite-
ria for AVEGF-HT might prevent the identifica-
tion of patients requiring a more intensive BP
monitoring, particularly during the first few weeks
of treatment. However, no study has investigated
whether specific clinical or demographic charac-
teristics have similar capacity to predict
AVEGF-HT, and possibly survival outcomes,
using different criteria. We sought to address this
issue by studying the capacity of a wide range of
patient characteristics to predict AVEGF-HT,
using six predefined criteria, in a completed phase
III clinical trial of patients with RCC randomized
to pazopanib or sunitinib.22 Potential advantages
of this approach were the rigorous assessment of
demographic and clinical characteristics in the
study cohort and the use of a predefined protocol
for the measurement of BP, at the same time
points in each patient, within a tightly controlled
clinical trial environment.

Methods

Study design and patients

We conducted a post hoc analysis of a phase III ran-
domized, open-label, parallel group trial investi-
gating the efficacy and safety of pazopanib and
sunitinib in  RCC (COMPARZ study)
[ClinicalTrials.gov identifier: NCT007720941].22
The COMPARZ study enrolled adult patients
with locally advanced or metastatic RCC with a
clear-cell histology component, no prior systemic
therapy, measurable disease according to the
Response Evaluation Criteria in Solid Tumours

Guidelines, and satisfactory renal, hepatic and
hematologic parameters. Exclusion criteria were
pregnancy or lactating female, history of another
cancer, the presence of metastatic disease in the
central nervous system, significant gastrointestinal
abnormalities, uncontrolled infection, significant
QT interval prolongation, cardiovascular events
within the previous 12 months, history of stroke or
transient ischaemic attack, history of thromboem-
bolic events, poorly controlled hypertension [sys-
tolic BP (SBP) =150 mmHg or diastolic BP
(DBP) =90 mmHg, despite the use of antihyper-
tensive drugs], prior major surgery or trauma
within the previous 28 days, and active bleeding or
bleeding predisposition. Randomization to pazo-
panib or sunitinib was stratified according to the
Karnofsky performance status score, the concen-
tration of lactate dehydrogenase, and previous
nephrectomy. Participants were randomized, in a
1:1 ratio, to either pazopanib 800 mg once daily
continuously or sunitinib 50 mg once daily in
6-week cycles of dosing for 4 weeks of treatment,
followed by 2 weeks without treatment.22

Pazopanib or sunitinib dose modification (dose
reduction, dose interruption/delay or withdrawal)
due to AVEGF-HT followed predefined scenar-
ios and protocols: asymptomatic and persistent
SBP at least 150 and less than 170 mmHg, or
DBP at least 90 and less than 110 mmHg, or a
clinically significant DBP increase of at least 20
mmHg (continue current anti-VEGF drug dose,
adjust current dose of or initiate new antihyper-
tensive drugs, titrate antihypertensive drugs dur-
ing the next two weeks to achieve well controlled
BP, defined as SBP <150 mmHg and DBP <90
mmHg); symptomatic, or SBP at least 170
mmHg, or DBP at least 110 mmHg, or failure to
achieve BP control within two weeks in the first
scenario (interrupt anti-VEGF drug, adjust cur-
rent or initiate new antihypertensive drugs, titrate
antihypertensive drugs during the next two weeks
as indicated to achieve well controlled BP, restart
anti-VEGF drug at the same dose or lower dose
at the discretion of the study investigator, once
BP control is achieved); at least two symptomatic
episodes of hypertension despite the modification
of antihypertensive drugs and reduction of the
dose of anti-VEGF drug (discontinuation of anti-
VEGTF drug).

Patient data
Baseline demographic, clinical and laboratory
data were collated. BP was assessed at baseline,
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day 14, day 28 and day 42 of cycle 1, and then
day 28 and day 42 of each cycle thereafter until
discontinuation of study treatment. During each
visit, after a resting period of at least 10 min, sit-
ting BP was measured three times at approxi-
mately 2 min intervals using the cuff method. The
mean SBP and DBP values of the three measure-
ments were recorded. All BP measurements were
performed on the same arm, using the same cuff
size and equipment, throughout the study.??

The following baseline clinical and demographic
parameters were assessed as possible predictors of
AVEGF-HT in view of their plausible associations
with BP elevations in epidemiological studies:
age,?3:24 gex,2* ethnicity,?> body mass index,2° fam-
ily history of hypertension,?” smoking,?® heart
rate,2° neutrophil to lymphocyte ratio (a marker of
inflammation),3° prior nephrectomy,3! proteinu-
ria,3? Karnofsky performance status and FKSI
(Kidney Symptom Index)-19 score (measures of
physical function and quality of life),33> serum
albumin concentrations,>* haemoglobin concen-
trations,3> haematocrit,3¢ use of any antihyperten-
sive drug (indicating pre-existing hypertension)
and specific drug classes, use of antidiabetic drugs
(indicating pre-existing diabetes),3” and use of
nonsteroidal anti-inflammatory drugs (INSAIDs).38

Anonymized patient level data were remotely
accessed via a secure research environment fol-
lowing approval by an independent review panel
of the clinical data transparency portal clinical-
studydatarequest.com (reference number: 668,
access available until 28 July 2017) [ClinicalTrials.
gov identifier: NCT02156310]. The study was
approved by the institutional review board or eth-
ics committee at each participating centre. All
patients provided written informed consent
before commencing the study.22

Study outcomes

We analysed six AVEGF-HT criteria, based on
absolute elevations in SBP or DBP versus base-
line, or on-treatment SBP or DBP values above
predefined thresholds, according to current
hypertension guidelines (SBP =140 mmHg or
DBP =90 mmHg) or the National Cancer
Institute Common Terminology Criteria for
Adverse Events (NCI CTCAE v3.0, hyperten-
sion grade 3, SBP =160 mmHg or DBP =100
mmHg):21:39:40 absolute SBP change versus base-
line at least 10 mmHg, and on-treatment SBP at
least 140 mmHg and DBP at least 90 mmHg;

grade 3 and higher hypertension toxicity (INCI
CTCAE v3.0);2! on-treatment SBP at least 160
mmHg; absolute SBP change versus baseline at
least 20 mmHg; on-treatment DBP at least 100
mmHg; and absolute DBP change versus baseline
at least 20 mmHg. We assessed the incidence of
AVEGF-HT at any BP assessment time point
while on anti-VEGF treatment plus 28 days after
study treatment cessation (primary outcome). We
also assessed the cumulative incidence of
AVEGF-HT within day 14 (week 2, cycle 1), day
42 (week 6, cycle 1), and day 84 (week 12, cycle
2) of treatment (secondary outcomes).

Statistical analysis

Data are expressed as means *= SD or frequencies.
Comparisons of the AVEGF-HT rates between
sunitinib and pazopanib were performed by y?
tests. Multivariable logistic regression was used to
investigate the capacity of baseline clinical and
demographic variables to predict AVEGF-HT,
after adjusting for treatment (pazopanib or suni-
tinib) and baseline SBP and DBP values. As less
than 5% of data were typically missing, a complete
case analysis was reported. The type 1 error rate
was set at p less than 0.05. All analyses were two
sided and undertaken using the R statistical envi-
ronment v3.0.2 (R Foundation for Statistical
Computing, Vienna, Austria).

Results

The baseline characteristics of the study partici-
pants are described in Table 1. The majority of
patients were male, white, had prior nephrec-
tomy, pre-existing hypertension, and Karnofsky
performance status score greater than 90. Mean
on-treatment SBP values with both sunitinib and
pazopanib were higher than baseline values, par-
ticularly at week 2. A similar trend was observed
for DBP values (Table 2). The frequency of anti-
VEGF dose modification (dose reduction, dose
interruption/delay or withdrawal) due to
AVEGF-HT was 2.2% within week 2, 4.2%
within week 6, 5.3% within week 12 (p = 0.16 for
trend) and 6.9% overall with sunitinib; and 4.2%
within week 2, 10.8% within week 6, 12.6%
within week 12 (p < 0.001 for trend) and 13.4%
overall with pazopanib.

Incidence and predictors of AVEGF-HT
Although there were no significant differences in the
overall incidence of AVEGF-HT between sunitinib
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Table 1. Baseline characteristics of the COMPARZ study participants.

(n=1102)

Age, years, mean (SD) 61.1(11.0)
Sex

Female 295 (27%)

Male 807 (73%)
Race

White 702 (64%)

Asian 378 (34%)

Other 22 (2%)
Body mass index, kg/m2, mean (SD) 27.3 (5.9)

Missing 91 (8%)
Family history of hypertension

No 761 (69%)

Yes 320 (29%)

Missing 21 (2%)
Smoking status

Never smoked 468 (43%)

Former smoker 494 (45%)

Current smoker 134 (12%)

Missing 6 (<1%)
Prior nephrectomy

No 181 (16%)

Yes 921 (84%)
Grade 1 proteinuria

No 786 (71%)

Yes 177 (18%)

Missing 139 (13%)
Karnofsky performance status

70 or 80 268 (24%)

90 or 100 828 (76%)
FKSI-19 total score 59.0(10.2)
Heng risk group

Favourable 279 (25%)

Intermediate 604 (55%)

Poor 195 (18%)

Missing 24 (2%)

Serum albumin
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Table 1. (Continued)

(n =1102)
=LLN 956 (89%)
<LLN 123 (11%)
Missing 23 (2%)
Haemoglobin
=LLN 647 (59%)
<LLN 454 (41%)
Missing 1(<1%)
Haematocrit
=LLN 622 (56%)
<LLN 479 (44%)
Missing 1 (<1%)
Use of antihypertensive drugs
Angiotensin system inhibitor 292 (27%)
Calcium channel inhibitor 240 (22%)
B blocker 189 (18%)
Thiazide 147 (14%)
Any of above 503 (53%)
Missing 39 (4%)
Use of drugs for diabetes
No 934 (85%)
Yes 161 (15%)
Missing 7 (<1%)
Use of nonsteroidal anti-
inflammatory drugs
No 825 (75%)
Yes 250 (23%])
Missing 27 (3%)

FKSI-19, Functional Assessment of Cancer Therapy-Kidney Symptom Index 19; LLN, lower limit of normal; SD, standard

deviation.

and pazopanib while on treatment, there was a sig-
nificant variability using specific criteria, between
14.8% (criterion: grade =3 toxicity, NCI CTCAE
v3.0) and 58.8% (criterion: absolute increase in
SBP =20 mmHg from baseline, Table 3).

After adjusting for anti-VEGF treatment and
baseline SBP and DBP, the number of significant

(p < 0.05) predictors of AVEGF-HT while on
treatment also depended on specific criteria,
ranging between one (use of antidiabetic drugs;
criterion: absolute SBP increase =20 mmHg ver-
sus baseline, on-treatment SBP =140 mmHg and
DBP =90 mmHg) and nine (ethnicity, family his-
tory of hypertension, neutrophil to lymphocyte
ratio, FKSI-19 total score, serum albumin,
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Table 2. Blood pressure values at baseline and at week 2, 6 and 12 of treatment with sunitinib and pazopanib.

Baseline Week 2 Week 6 Week 12

SBP, mmHg, mean (SD)

Sunitinib 127.1(13.8) 136.5(17.3) 127.9 (15.0) 128.0 (14.8)

Missing, n (%) 1(0.2%) 25 (4.5%) 62 (11.3%) 126 (23.0%)

Pazopanib 126.7 (13.7) 138.6 (17.7) 135.5 (15.7) 132.8 (13.7)

Missing, n (%) 2 (0.4%]) 19 (1.3%) 64 (11.5%) 143 (25.8%)
DBP, mmHg, mean (SD)

Sunitinib 75.6 (8.6) 83.8(10.6) 76.7 (9.1) 76.6(9.2)

Missing, n (%) 1(0.2%) 25 (4.5%] 62 (11.3%) 126 (23.0%)

Pazopanib 75.6 (9.0) 84.7 (10.9) 83.8(10.3) 82.3(9.5)

Missing, n (%) 2 (0.4%]) 19 (1.3%) 64 (11.5%) 143 (25.8%)

DBP, diastolic blood pressure; SBP, systolic blood pressure; SD, standard deviation.

haematocrit, use of any antihypertensive drug,
use of calcium channel blockers, and use of any
antidiabetic drug; criterion: grade =3 toxicity,
NCI CTCAE v3.0, Table 4).

Age, use of antidiabetic drugs and use antihyperten-
sive drugs each predicted four AVEGF-HT criteria
(Table 4). Age was an independent predictor of on-
treatment SBP at least 160 mmHg, absolute SBP
change versus baseline at least 20 mmHg, on-treat-
ment DBP at least 100 mmHg, and absolute DBP
change versus baseline at least 20 mmHg. Use of
antidiabetic drugs independently predicted absolute
SBP change versus baseline at least 10 mmHg and
on-treatment SBP at least 140 mmHg and DBP at
least 90 mmHg, grade 3 and higher hypertension
toxicity (NCI CTCAE v3.0), on-treatment DBP at
least 100 mmHg, and absolute DBP change versus
baseline at least 20 mmHg. Use of antihypertensive
drugs independently predicted grade 3 and higher
hypertension toxicity (NCI CTCAE v3.0), on-
treatment SBP at least 160 mmHg, absolute SBP
change versus baseline at least 20 mmHg, and on-
treatment DBP at least 100 mmHg. By contrast,
sex, smoking, heart rate, proteinuria, Karnofsky
performance status, and use of thiazide diuretics did
not predict any AVEGF-HT criterion (Table 4).

The analysis of clinical and demographic predictors
of AVEGF-HT within week 2, 6 and 12 did not
show any significant time-dependent trends except
for the following criteria: absolute increase in SBP
at least 10 mmHg from baseline, on-treatment SBP
at least 140 mmHg and DBP at least 90 mmHg:

ethnicity, prior nephrectomy, serum albumin and
use of calcium channel blocker (Supplementary
Table 1); grade 3 and higher hypertension toxicity
(NCI CTCAE v3.0): use of antihypertensive drugs
(Supplementary Table 2); on-treatment SBP at
least 160 mmHg: ethnicity, smoking status, prior
nephrectomy and use of calcium channel blockers
(Supplementary Table 3); absolute SBP change
versus baseline at least 20 mmHg: prior nephrec-
tomy and use of angiotensin system inhibitors
(Supplementary Table 4); on-treatment DBP at
least 100 mmHg: age, neutrophil to lymphocyte
ratio, and haematocrit (Supplementary Table 5);
absolute DBP change wversus baseline at least 20
mmHg: age, neutrophil to lymphocyte ratio, prior
nephrectomy, haematocrit, use of antihypertensive
drugs, use of calcium channel inhibitors and use of
NSAIDs (Supplementary Table 6).

Discussion

There is an increasing interest in the association
between anti-VEGF drugs and AVEGF-HT.
Specific clinical and demographic predictors of
AVEGF-HT might allow the identification of
patients benefitting from intensive BP monitoring,
particularly during the first few weeks of treat-
ment.? Studies conducted in patients with hyper-
tension have shown that an earlier BP control with
antihypertensive drugs is associated with better
cardiovascular outcomes.*! Furthermore, the
reported association between AVEGF-HT and
cancer outcomes might better identify treatment
responders versus nonresponders, with significant
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Table 3. Cumulative incidence of anti-VEGF-mediated hypertension using different criteria.

Hypertension definition Sunitinib Pazopanib p valuel
(n = 548) (n = 554)
SBP change* =10 mmHg and SBP® =140
mmHg and DBP* =90 mmHg
Overallt 262 (48.7%) 297 (54.6%) 0.06
Within the first 2 weeks of treatment 77 (14.7%) 112 (20.9%) 0.008
Within the first 6 weeks of treatment 137 (25.7%) 206 (38.0%) <0.001
Within the first 12 weeks of treatment 179 (33.5%])8 236 (43.6%)8 0.008
Grade =3
Overallt 81 (14.8%) 82 (14.8%) 0.92
Within the first 2 weeks of treatment 27 (4.9%) 34 (6.1%) 0.45
Within the first 6 weeks of treatment 45 (8.2%) 68 (12.3%) 0.03
Within the first 12 weeks of treatment 62 (11.3%)8 72 (13.0%]8 0.45
SBP2 =160 mmHg
Overall* 156 (28.5%) 164 (29.6%) 0.73
Within the first 2 weeks of treatment 44 (8.0%) 64(11.6%) 0.06
Within the first 6 weeks of treatment 74 (13.5%) 111 (20.0%) 0.005
Within the first 12 weeks of treatment 92 (16.8%)8 131 (23.6%)¢ 0.006
SBP change* =20 mmHg
Overallt 322 (58.8%) 320 (57.8%) 0.78
Within the first 2 weeks of treatment 118 (21.5%) 160 (28.9%) 0.006
Within the first 6 weeks of treatment 193 (35.2%) 241 (43.5%) 0.006
Within the first 12 weeks of treatment 237 (43.2%)8 263 (47.5%)8 0.18
DBP$ =100 mmHg
Overall* 131 (23.9%) 135 (24.4%) 0.92
Within the first 2 weeks of treatment 38 (6.9%) 46 (8.3%) 0.46
Within the first 6 weeks of treatment 65 (11.9%) 104 (18.8%) 0.002
Within the first 12 weeks of treatment 83 (15.1%)¢ 120 (21.7%)8 0.007
DBP change* =20 mmHg
Overall* 193 (35.2%) 215 (38.8%) 0.24
Within the first 2 weeks of treatment 61 (11.1%) 73 (13.2%) 0.34
Within the first 6 weeks of treatment 106 (19.3%) 149 (26.9%) 0.004
Within the first 12 weeks of treatment 134 (24.5%]8 174 (31.4%)8 0.01

*Maximal change from baseline.
$Maximal value after baseline.

fWhile on treatment and within the 28 days following treatment cessation.

8p < 0.001 (temporal trend).
TPazopanib versus sunitinib.

DBP, diastolic blood pressure; SBP, systolic blood pressure; VEGF, vascular endothelial growth factor.
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implications for a personalized medicine based
approach.”17 However, it is unknown whether the
wide range of anti-VEGF drugs, BP measurement
methods, protocols and time points, and
AVEGF-HT criteria studied might limit the gen-
eralizability of the available data on the complex
interaction between anti-VEGF drugs,
AVEGF-HT and cancer outcomes.” ! In a recent
systematic review and meta-analysis of 15 studies
on AVEGF-HT and survival in RCC,!8 nine stud-
ies investigated sunitinib alone,*2-50 one investi-
gated sorafenib alone,>! one investigated axitinib
alone,>? whereas the remaining four investigated
two or more anti-VEGF drugs.1%:53-55 When con-
sidering the timing of AVEGF-HT, one study
captured BP elevations at any time point,*? five
studies investigated the period between baseline
and week 4, the week 4 time point, or the first
treatment cycle,10:43:4450,53 three studies investi-
gated the week 8 time point,*>5254 whereas six
studies did not report any relevant details.46-49,51,55
Furthermore, 11 studies defined AVEGF-HT
using on-treatment SBP thresholds ranging
between 110 and 160 mmHg,10:42-45:47-50,52,54 gne
study used absolute BP changes wversus baseline,>>
whereas the remaining three studies did not report
any relevant details.46-51,55

The assessment of whether specific patient charac-
teristics have similar capacity to predict AVEGF-HT
regardless of anti-VEGF drug, assessment time
points and specific criteria requires a well character-
ized study population in which each patient under-
goes the same baseline and follow-up BP assessment.
Using six predefined AVEGF-HT criteria in a post
hoc analysis of the COMPARZ study, we observed
a significant variability in the cumulative incidence
of AVEGF-HT while on treatment plus 28 days
after study treatment cessation (between 14.8% and
58.8%), the number of predictors for each criterion
(between 1 and 9), and the number of criteria pre-
dicted by each patient characteristic. Age, use of
antidiabetic drugs and use of antihypertensive drugs
each predicted four AVEGF-HT criteria. By con-
trast, seX, smoking, heart rate, proteinuria,
Karnofsky performance status and use of thiazide
diuretics did not predict any criterion. The strength
of the associations between specific predictors and
AVEGF-HT criteria was also dependent on indi-
vidual BP assessment time points.

Two studies have recently sought to identify the
factors associated with AVEGF-HT. Hamnvik
and colleagues analysed the electronic clinical
data of 1120 patients with RCC, hepatocellular

carcinoma, gastrointestinal stromal cancers or
other cancers treated with sunitinib, sorafenib or
pazopanib in a naturalistic setting.!? BP elevations
were assessed until the first anti-VEGF drug was
either stopped or replaced with another anti-
VEGF drug. In patients without pre-existing
hypertension, AVEGF-HT was defined either as
hypertension listed as a diagnosis in the electronic
medical record, at least one prescription for anti-
hypertensive medication, on-treatment SBP at
least 160 mmHg or DBP at least 100 mmHg. In
patients with  pre-existing  hypertension,
AVEGF-HT was defined either as dose increase
of a prior antihypertensive medication, addition of
a new antihypertensive medication, on-treatment
SBP at least 160 mmHg or DBP at least 100
mmHg.!° In multivariable analysis, pre-existing
hypertension [odds ratio (OR) 1.56, 95% confi-
dence interval (CI) 1.27-1.92, p < 0.0001), age at
least 60 years (OR 1.26, 95% CI 1.06-1.52, p =
0.01) and body mass index at least 25 kg/m? (OR
1.26,95% CI 1.04-1.53) independently predicted
AVEGF-HT. By contrast, no significant associa-
tions were observed with sex, ethnicity, type of
cancer, anti-VEGF drug or type of antihyperten-
sive drug at baseline.!® Notably, age, body mass
index and AVEGF-HT also predicted overall sur-
vival.1® However, no information was provided
regarding the method and protocol for BP meas-
urement and the frequency of the BP assessments.
Wicki and colleagues investigated 169 patients
with colorectal cancer, breast cancer or other
types of cancer treated with bevacizumab.5¢ BP
was measured once, after 10 min of rest, during
each visit, using validated automatic devices.
Visits occurred at baseline and after each cycle of
bevacizumab treatment, approximately every 2-3
weeks. Pre-existing hypertension was defined as
history of hypertension or treatment with at least
one antihypertensive drug. The median on-treat-
ment increase in both SBP and DBP values was
greater in patients with pre-existing hypertension
than in those without.’® However, there was no
assessment of the capacity of pre-existing hyper-
tension, or other baseline characteristics, to pre-
dict AVEGF-HT in regression analysis.>®

In agreement with the study of Hamnvik and col-
leagues, we observed that age and use of antihy-
pertensive  drugs (indicating  pre-existing
hypertension) predicted four AVEGF-HT crite-
ria, whereas body mass index only predicted one
criterion. Furthermore, the definitions of
AVEGF-HT by Hamnvik and colleagues included
on-treatment SBP at least 160 mmHg and DBP at
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least 100 mmHg.!° In our study, age and use of
antihypertensive drugs independently predicted
similar criteria, on-treatment SBP greater than
160 mmHg and DBP greater than 100 mmHg.
However, while age and use of antihypertensive
drugs independently predicted higher odds of
SBP greater than 160 mmHg, they also predicted
lower odds of DBP greater than 100 mmHg. This
suggests that, in patients with older age or pre-
existing hypertension, the BP elevations during
anti-VEGF therapy are primarily driven by an
increase in SBP and pulse pressure, the difference
between SBP and DBP. This BP elevation pattern
is commonly observed in older adults, including
those with coexisting hypertension, and is associ-
ated with an increase in arterial stiffness.>7->8

In our study, the use of antidiabetic drugs, indicat-
ing pre-existing diabetes, was negatively associated
with four AVEGF-HT criteria. Although further
research is required to confirm this finding and to
identify the pathophysiological —mechanisms
involved in this association a recent systematic
review and meta-analysis of 18 cohort studies
reported that patients with RCC and diabetes have
significantly worse cancer-specific, progression-free
and overall survival rates.>® Higher neutrophil to
lymphocyte ratio, prior nephrectomy and use of
NSAIDs were also associated with a reduced risk of
AVEGF-HT according to two criteria. The neutro-
phil to lymphocyte ratio is being increasingly inves-
tigated as a marker of chronic inflammation in
cancer.®® A recent systematic review and meta-
analysis of 15 studies in patients with RCC has
shown that a higher neutrophil to lymphocyte ratio
predicts poorer survival outcomes.®! While cytore-
ductive nephrectomy in RCC has been widely uti-
lized either before and during the immunotherapy
era, its role in the context of targeted therapy with
antiangiogenic drugs is uncertain despite the
encouraging preliminary results of the SORCE
study (a phase III randomized double-blind study
comparing sorafenib with placebo in patients with
resected primary renal cell carcinoma at high or
intermediate risk of relapse).9%%3 Pending the out-
comes of other randomized trials of nephrectomy
followed by anti-VEGF therapy versus anti-VEGF
therapy alone,% our results raise the concern that
the reduced incidence of AVEGF-HT in patients
with RCC and prior nephrectomy might poten-
tially translate into poor survival outcomes. Given
the established association between NSAID use
and BP elevations in the general population,® our
observation of a reduced risk of AVEGF-HT in
patients with RCC treated with NSAIDs is

surprising. However, the reduced risk of
AVEGF-HT with NSAIDs is limited to elevations
in DBP. Further studies are warranted to investi-
gate the relationship between the presence of dia-
betes, neutrophil to lymphocyte ratio, prior
nephrectomy, and use of NSAIDs, AVEGF-HT
and survival outcomes in patients with RCC.

A recent study has challenged the hypothesis that
AVEGF-HT predicts favourable outcomes in
RCC. Goldstein and colleagues conducted a post
hoc analysis of the COMPARZ study and other
phase II-III studies of pazopanib.’> AVEGF-HT
at week 4 and 12 was defined using one of the fol-
lowing criteria: maximum absolute increase in
mean BP [(DBP + 1/3(SBP — DBP)] at least 10
mmHg, maximum absolute increase in SBP at
least 10 mmHg, on-treatment SBP greater than
140 mmHg or DBP greater than 90 mmHg. None
of the criteria independently predicted progres-
sion-free or overall survival.>3> However, the differ-
ent results between this study and the study by
Hamnvik and colleagues might be explained, at
least in part, by the use of mean BP values in the
study by Goldstein and colleagues, and by the use
of higher on-treatment SBP and DBP threshold
values, at least 160 mmHg and at least 100 mmHg
respectively, in the study by Hamnvik and col-
leagues.!? This highlights, once again, the potential
implications of using different AVEGF-HT crite-
ria when assessing the interaction between anti-
VEGTF drugs, BP elevations and cancer outcomes.

The strengths of our study include a well charac-
terized patient population, recruited using the
strict inclusion and exclusion criteria of the
COMPARZ study, the rigorous assessment of
demographic and clinical characteristics, and the
use of a predefined protocol for the measurement
of BP at the same time points in each patient.
Furthermore, in our analyses, we adjusted not
only for anti-VEGF treatment (pazopanib or
sunitinib) but also for baseline SBP and DBP val-
ues, thus preventing the well known statistical
artefact, regression to the mean.% Potential limi-
tations, in addition to the post hoc nature of the
analyses, include the possibility of residual con-
founding and the lack of adjustment for the
change in dose and type of antihypertensive drugs
after commencing anti-VEGF treatment.

In conclusion, there was a significant variability in
the cumulative incidence, number and type of
predictors of AVEGF-HT, using six different cri-
teria, in a phase III study of patients with RCC.
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The use of specific AVEGF-HT criteria should be
taken into account when assessing the association
between anti-VEGF drugs, AVEGF-HT and sur-
vival outcomes in RCC and other types of cancer.
In this context, the consistent use of standard,
validated, protocols and time points for BP assess-
ment is likely to significantly reduce the variability
in the reported incidence of AVEGF-HT in differ-
ent studies.
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