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Abstract

Background/Aims: The purpose of the present study was to
determine the relationship between iatrogenic arterial hy-
pertension or baseline cardiovascular comorbidities and
outcomes in metastatic renal cell cancer (mRCC) patients
treated with sorafenib. Methods: The study included 148
mMRCC patients treated with sorafenib, 63 patients (43%) had
preexisting hypertension, 18 patients (12%) coronary artery
disease, and 15 patients (10%) mild heart failure. Resting
blood pressure (BP) was monitored by clinic and home mea-
surements. Sorafenib-induced hypertension was defined as
systolic BP =140 and/or diastolic BP =90 mm Hg during the
first month of treatment. Results: Preexisting cardiovascular
comorbidities were not associated with worsening progno-
sis of patients with mRCC treated with sorafenib. During the
first month of treatment, sorafenib-induced hypertension
was diagnosed in 76 patients (51.4%), and these patients had
a significantly longer PFS (p < 0.00001) and a significantly

lower overall mortality risk (p = 0.038). Patients with preexist-
ing and sorafenib-induced hypertension had the longest
PFS (p < 0.00001). Conclusions: Sorafenib-induced hyper-
tension is a positive predictive factor in mRCC patients treat-
ed with sorafenib, especially in patients with a history of hy-

pertension. Copyright © 2012 S. Karger AG, Basel

Introduction

There are some initial data available that suggest that
hypertension induced by sunitinib, bevacizumab or
sorafenib correlates with the effectiveness of the treat-
ment of metastatic renal cell cancer (mRCC) [1, 2]. In the
case of sunitinib, this effect has already been thoroughly
analyzed [3-6], and it has been shown that a significant
risk of the development of heart failure exists during
treatment with sunitinib. This risk may be associated
with iatrogenic hypertension [7]. In addition, a history of
arterial hypertension or coronary heart disease was pos-
itively correlated with the risk of heart failure in patients
treated with sunitinib [8]. Similar data are not available
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for sorafenib. The purpose of the present study was to de-
termine the relationship between iatrogenic arterial hy-
pertension or baseline cardiovascular comorbidities and
outcomes in mRCC patients treated with sorafenib.

Materials and Methods

Patients

Patients with mRCC with prior nephrectomy, aged 18 years or
older, treated with sorafenib, were included in the study. Required
ECOG (Eastern Cooperative Oncology Group) performance sta-
tus was 0, 1 or 2. Exclusion criteria included: total serum biliru-
bin>2 X the upper limit of normal (ULN), serum transaminases
>5 X ULN, serum creatinine >2 X ULN, absolute neutrophil
count <1,000/mm?, platelets <75,000/mm? and hemoglobin
<8.0 g/dl.

Patients with cardiovascular comorbidities were eligible for
treatment, except for patients with heart failure of NYHA class I1I
or IV or patients with coronary disease with CCS class II-IV
symptoms. The diagnosis of coronary heart disease was accepted
if established on the basis of coronarography or noninvasive im-
aging examinations. Mild heart failure was diagnosed if NYHA
class T or IT exertional dyspnea symptoms were present in a patient
with abnormal echocardiographic examination results (range of
ejection fraction between 40 and 50%). Arterial hypertension was
diagnosed in accordance with the current guidelines. Blood pres-
sure (BP) values =140/90 mm Hg were recognized as hyperten-
sion. Baseline arterial hypertension had to be carefully controlled
with antihypertensive drugs.

The study complied with the provisions of the Declaration of
Helsinki, Good Clinical Practice Guidelines, and local laws and
regulations. The study was approved by a local ethics committee.

Assessment of Clinical Benefits and Outcomes

Primary criterion of evaluation of clinical benefits and out-
comes was the progression-free survival (PFS), secondary crite-
rion was best radiological response, third - risk of cardiovascular
complications.

PFS was the time between the initiation of sorafenib treatment
and the radiological progression of cancer, unacceptable toxicity,
death or clinical status deterioration precluding further treat-
ment (ECOG-4). Follow-up CT scans were obtained every 2
months during treatment. Best radiological response was quali-
fied as complete/partial response, stable disease or progression,
comparing following CT scans according to the RECIST criteria.
Patients were monitored for toxicity according to Common Cri-
teria for Adverse Events (CTCAE, v3.0).

The risk of cardiovascular complications were defined as the
likelihood of occurrence of cardiac death, heart failure symptoms
of atleast NYHA class III, hypertensive crisis, myocardial infarc-
tion, stroke, or thromboembolic event.

Assessment of latrogenic Arterial Hypertension

Patients initiating sorafenib treatment had adequate BP con-
trol, i.e. BP values <140/90 mm Hg. Resting BP was closely moni-
tored during the first 4 weeks of sorafenib treatment: clinic mea-
surements were done on days 14 and 28, and home measurements
recommended for every day. During the clinic visit, BP was mea-
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sured twice by the nurses. All patients measured their BP three
times a day at rest.

Sorafenib-induced hypertension was diagnosed if all values of
clinic measurement and the mean BP of home measurements were
systolic BP =140 and/or diastolic BP =90 mm Hg. This algorithm
was associated with a very low risk of false-positive diagnosis.

Statistical Analyses

All statistical analyses were performed using STATISTICA 7.0
software. PFS was determined using the Kaplan-Meier survival
analysis method and was compared using a log-rank test. Com-
parisons between treatment groups were performed using X tests
for differences in the incidence of disease progression, stable dis-
ease or partial remission, and the statistical significance of the
differences was determined using the Yates two-sided test at the
5% significance level. Risks of occurrence of cardiovascular
events were expressed as odds ratios (OR) and 95% confidence
intervals (CI).

Results

Patient Population and Effect of Treatment with

Sorafenib

The retrospective analysis included 148 patients with
mRCC with prior nephrectomy. Detailed patient charac-
teristics are presented in table 1. None of the patients had
been previously treated with angiogenesis inhibitors. In
all patients, sorafenib was given at a dose of 400 mg twice
daily. The follow-up was initiated on March 15, 2004 and
finished on December 31, 2010.

A high percentage of the 148 patients had cardiovas-
cular comorbidities (table 1). The following disorders
were diagnosed at baseline: coronary disease in 18 pa-
tients (12%) and hypertension in 63 patients (43%). Hy-
pertension was diagnosed at least 3 months before the
initiation of sorafenib treatment and was optimally con-
trolled with at least one antihypertensive drug. Addition-
ally, in 15 patients (10%), mild heart failure was diag-
nosed: 7 patients with post-myocardial heart dysfunction
and 8 patients with mitral valve insufficiency with coex-
isting persistent atrial fibrillation.

During sorafenib treatment, the following were noted
as the best radiological responses: partial remission — 18
patients (12%), stable disease — 102 patients (69%), and
primary resistance, i.e. progression on the first follow-up
CT scan (primary progressive disease) — 28 patients (19%).

The median PFS for the whole patient population was
202 days. Radiological progression according to RECIST
was diagnosed in 116 patients, and 9 patients discontin-
ued their treatment due to clinical progression (clini-
cal status deterioration precluding further treatment,
i.e. ECOG-4). Another 16 patients (10.8%) died during

Kidney Blood Press Res 2012;35:468-476 469

Downloaded by:

218.76.128.84 - 4/25/2017 9:42:57 AM



Table 1. Baseline characteristics of 148 patients with mRCC treat-
ed with sorafenib

Characteristics n %
Mean age, years 583%9.5
Median 58
Range 32-78
<52 years 37 25
>65 years 37 25
Histology type
Clear cell 116 78
Clear cell + other 25 17
Non-clear cell 7 5
Line of treatment
First 67 45
Second 75 51
Third 6 4
Gender
Male 107 72
Female 41 28
Cardiovascular comorbidities
Preexisting HTN 63 43
CAD 18 12
Mild HF 15 10
Metastatic sites
Lung 127 86
Liver 35 24
Regional lymph nodes 32 22
Distant lymph nodes 80 54
Local recurrence 37 25
Bone 42 28
Central nervous system 8 5
Other 88 59
Metastases, n
1 19 13
2 39 26
3 39 26
4 29 20
5-7 22 15
MSKCC risk group
Intermediate 99 67
Low 24 16
High 25 17
ECOG PS
0 64 43
1 74 50
2 10 7

ECOG = Eastern Cooperative Oncology Group; MSKCC =
Memorial Sloan-Kettering Cancer Center; PS = performance sta-
tus; HTN = hypertension; CAD = coronary artery disease; HF =
heart failure.
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sorafenib treatment before radiological progression was
found. In 7 patients, no disease progression was observed
when the follow-up ended (censored cases).

Effects of Preexisting Cardiovascular Comorbidities

on PFS

In the study population of mRCC patients, 63 patients
(43%) had hypertension that was diagnosed before
sorafenib treatment. This patient group had a significant-
ly longer PFS compared with patients without a history of
arterial hypertension (HR = 0.67 (95% CI 0.48-0.94); p =
0.02) (fig. 1). In addition, this patient group had primary
disease progression relatively rarely as a treatment re-
sponse (table 2) — only 9 cases among 63 patients versus
19 cases among 85 patients without hypertension (OR =
0.58 (95% CI 0.21-1.60); p = 0.29).

Patients with mRCC and with coexisting coronary
heart disease or mild heart failure had the same level of
PES as patients without these diseases (HR = 0.987 (95%
CI 0.967-1.007); p = 0.18) (fig. 2).

The overall mortality risk during active sorafenib
treatment (table 3) was not significantly increased due to
a history of hypertension (OR = 1.73 (95% CI 0.51-5.88);
p = 0.38), coronary disease and mild heart failure (OR =
0.99 (95% CI 0.93-1.05); p = 0.78).

Effects of Iatrogenic Hypertension on PFS

Tatrogenic hypertension was diagnosed in 76 patients
(51.4%) during the firstmonth of treatment with sorafenib.
As from the moment of diagnosis, all of these patients
received empirical antihypertensive treatment, in line
with obligatory guidelines. We tried to use the following
algorithm: first drug: angiotensin-converting enzyme
inhibitor, second drug: thiazide diuretic, third drug: B-
blocker, and when it was necessary, fourth drug: calcium-
channel blocker. All patients had good control of their BP
after starting antihypertensive treatment.

Patients with hypertension induced by sorafenib had
a significantly longer PFS (HR = 0.78 (95% CI 0.72-0.85);
p < 0.00001) (fig. 3).

Patients with iatrogenic hypertension had significant-
ly better radiological responses to treatment (p < 0.0001)
(table 2). In particular, stable disease occurred signifi-
cantly more often as the best response: 63 cases among
the patients with iatrogenic hypertension versus 39 cases
among the patients without hypertension (table 2). In ad-
dition, this group of patients had a significantly less fre-
quent primary disease progression as a treatment re-
sponse (table 2): only 4 of 76 patients with iatrogenic hy-
pertension versus 24 of 72 patients without iatrogenic

Szmit et al.
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Fig. 1. PFS in mRCC patients treated with sorafenib who did or
did not have preexisting hypertension. OR = 0.67 (95% CI 0.48-
0.94; p = 0.02).

Fig. 2. PFS in mRCC patients treated with sorafenib who did or
did not have CAD or mild HF. OR = 0.987 (95% CI 0.967-1.007;
p=0.18).

Subgroup With preexisting

hypertension (n = 63)

Without preexisting
hypertension (n = 85)

Without CAD
or mild HF (n = 115)

With CAD or
mild HF (n = 33)

Subgroup

Median, months 8.02 5.72

Median, months 7.68 6.52

hypertension experience primary disease progression
(OR =0.58 (95% CI 0.43-0.78); p = 0.0004).

The overall mortality risk during treatment with
sorafenib was significantly reduced in patients with iat-
rogenic arterial hypertension (OR = 0.73 (95% CI 0.54-
0.98); p = 0.038). Notably, patients with preexisting and
sorafenib-induced hypertension had the longest PES (p <
0.00001) compared either with patients with only
sorafenib-induced hypertension or with patients who
were normotensive all the time during treatment with
sorafenib (fig. 4).

In a subgroup of patients with preexisting and
sorafenib-induced hypertension, only 1 patient had pri-
mary disease progression as a treatment response (ta-
ble 2); nobody died during active sorafenib treatment
(table 3).

Cardiovascular Adverse Events
Antihypertensive treatment was empirical. After the
first month of sorafenib treatment, patients had effective-
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ly controlled BP with reached goals of <140/90 mm Hg
(clinic measurements) and <135/85 mm Hg (home mon-
itoring). Regarding cardiac safety, three episodes of heart
failure exacerbation with NYHA class III symptoms oc-
curred during treatment with sorafenib; in 2 cases, these
episodes were transient and could be effectively con-
trolled with pharmacological treatment. In 1 case, the
episode occurred at the time at which radiological pro-
gression was diagnosed. Moreover, three episodes of
the central nervous system (CNS) ischemia occurred: 2
strokes and 1 transient ischemic attack (TIA). Two epi-
sodes of peripheral vein thrombosis occurred. One myo-
cardial infarction was diagnosed. There were no cardiac
deaths or hypertensive crisis episodes.

The risk of all major cardiovascular events (table 3)
was not significantly increased due to a history of hyper-
tension (OR =0.57 (95% CI 0.14-2.42); p = 0.45), coronary
disease or mild heart failure (OR = 0.97 (95% CI 0.90-
1.04); p = 0.42).
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Fig. 3. PFS in mRCC patients who did or did not develop ear-
ly iatrogenic hypertension related to treatment with sorafenib.
OR =0.78 (95% CI 0.72-0.85; p < 0.00001).

Fig. 4. PFS in mRCC patients: analysis-dependent on whether the
patients had preexisting hypertension and developed iatrogenic
sorafenib-induced hypertension (p < 0.00001).

With sorafenib-induced Without sorafenib-induced
hypertension (n =76)  hypertension (n = 72)

Subgroup

Subgroup Status of hypertension

preexisting and only only none
. sorafenib- sorafenib- preexisting  (n = 48)
Median, months 11.13 5.5 induced (n =39) induced (n=37) (n=24)
Median, months  13.45 8.1 5.6 3.93

Despite such frequent sorafenib-induced hyperten-
sion, other cardiovascular complications rarely occurred.
Indeed, all CNS ischemia episodes (3 cases) and myocar-
dial infarctions occurred in patients with sorafenib-in-
duced hypertension (table 3). Nevertheless, the risk of all
cardiovascular events for patients with iatrogenic hyper-
tension was not significantly increased in comparison
with the risk for patients without hypertension (OR = 1.05
(95% CI 0.74-1.47); p = 0.79). Cardiovascular complica-
tions were incidental in patients with preexisting and
sorafenib-induced hypertension (table 3).

The limitation of the study is that the analyses of out-
comes were not corrected for other prognostic factors like
ECOG performance status and Memorial Sloan-Ketter-
ing Cancer Center (MSKCC) criteria. The predictive val-
ue of hypertension related to sorafenib needs further in-
vestigation and validation.

472 Kidney Blood Press Res 2012;35:468-476

Discussion

Sorafenib is an oral multikinase inhibitor that blocks,
among other pathways, the vascular endothelial growth
factor (VEGF)-related pathway. It has been shown that, in
mRCC patients, sorafenib treatment significantly pro-
longs PES [9]. It is also known that angiogenesis inhibi-
tors frequently cause hypertension, proteinuria, throm-
bosis and bleeding [10]. Therefore, a question arises as to
whether the risk of such events potentially allows therapy
of patients with cardiovascular comorbidities. This ques-
tionbecomes even moreimportantin the case of sorafenib,
which, in addition to the VEGF pathway, effectively
blocks PDGF- and Raf-related pathways, which may be of
importance to the heart and blood vessels.

In cancer patients =70 years old, on average at least
three comorbidities are present; these comorbidities very
often include hypertension, coronary disease or heart

Szmit et al.
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Table 2. Number of patients with best tumor response (according
to RECIST) during treatment with sorafenib based on preexisting
or sorafenib-induced hypertension

Subgroup PR SD PD p value
Preexisting hypertension
Yes (n = 63) 6 48 9 0.2574
No (n = 85) 12 54 19
Sorafenib-induced hypertension
Yes (n=76) 9 63 4 <0.0001
No (n=72) 9 39 24
Preexisting and sorafenib-induced hypertension
Yes (n = 39) 6 32 1 0.0318
No (n = 109) 12 70 27

PR = Partial remission; SD = stable disease; PD = primary pro-
gressive disease.

Table 3. Cardiovascular events and mortality during active
sorafenib treatment in 148 patients with mRCC

Subgroups related to Death  Stroke/ HF MI Throm-
presence of cardiovascular before ~ TIA (NYHA bosis
comorbidities PD 1II)
Preexisting hypertension
Yes (n = 63) 5 1 1 1 2
No (n = 85) 11 2 2 0 0
CAD + mild HF
Yes (n = 33) 4 0 2 0 1
No (n = 115) 12 3 1 1 1
Sorafenib-induced hypertension
Yes (n =76) 4 3 1 1 0
No (n=72) 12 0 2 0 2
Preexisting and sorafenib-induced hypertension
Yes (n = 39) 0 1 0 1 0
No (n = 109) 16 2 3 0 2
All patients with
serious events 16 3 3 1 2

The table includes the incidence of serious events in relation-
ship to cardiovascular comorbidities.

PD = Progressive disease; TIA = transient ischemic attack;
HF = heart failure; MI = myocardial infarction; CAD = coronary
artery disease; NYHA = New York Heart Association.

failure [11]. Every fourth patient with a newly diagnosed
renal tumor is >74 years old [12].

As shown by cardiologic studies: (1) The probability of
heart failure increases proportionally with the patient’s
age. In our population of mRCC patients, every fourth
patient (25%) was >65 years old. (2) The higher incidence
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of cardiac disorders in men is associated with more fre-
quent coronary atherosclerosis at a younger age, by about
10 years [13]. In our population, men constituted a defi-
nite majority — 107 persons (72%). (3) Hypertension is one
of the most significant risk factors for coronary disease
and, thus, for heart failure [14]. Almost half (43%) of the
patients in our population had preexisting hypertension
before starting sorafenib treatment.

In our study, we took into account all disorders associ-
ated with a significant risk for the development of symp-
tomatic heart failure and mild heart failure. Despite the
above finding, cardiovascular complications were rare.
Coronary disease and mild heart failure had no negative
effects on PFS, and the presence of hypertension actually
had a positive effect on PFS. Therefore, we may say that
this is a paradox of cardio-oncology, but we should notice
that it may be related to our close cardiologic monitoring
and efficient intervention in patients with cardiovascular
comorbidities. It is still unknown whether any genetic
predisposition to cardiovascular side effects has signifi-
cance in patients receiving angiogenesis inhibitors.

The issues of our retrospective analysis must be ana-
lyzed in several aspects. It remains to be determined
whether sorafenib is less cardiotoxic than sunitinib. Un-
fortunately, there has been no unequivocal evidence for
this theory because such precise cardiac follow-up data
were not available in sorafenib studies, as in the case of
sunitinib. A phase I open-label study reported that
sorafenib treatment did not induce significant echocar-
diographic and electrocardiographic changes in patients
with advanced cancer [15]. The available data suggest that
a history of arterial hypertension and coronary heart dis-
ease are risk factors for cardiovascular events during
sunitinib treatment in univariate analysis [16, 17]. We did
not observe a similar correlation in our study with
sorafenib.

Moreover, there are data that sorafenib can be effec-
tively and safely used in patients with contractile dys-
functions of the heart [18], even after an episode of severe
sunitinib-induced heart failure [19]. Our study suggests
that the presence of mild heart failure or coronary heart
disease had no negative effect on PFS, mortality or the
risk of cardiovascular events during treatment with
sorafenib. Our results are similar to the findings of
Schmidinger et al. [20] indicating that tyrosine kinase in-
hibitors sorafenib and sunitinib may be effective and safe
enough to be used in patients with lifestyle and cardio-
metabolic risk factors. Moreover, in such a defined popu-
lation, there is no difference in survival between patients
with cardiac events and others.
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As suggested by epidemiological studies, the risk of re-
nal cancer is significantly higher in patients with arterial
hypertension [21]. Therefore, it should not be surprising
that as many as 43% of the patients in our population had
preexisting hypertension before the start of treatment.
Unfortunately, this fact may constitute a serious limita-
tion in determining eligibility for treatment with angio-
genesis inhibitors because the risk of hypertensive crisis
or heart failure increases. In the observation by Telli et al.
[17], a history of hypertension was present in 67% of pa-
tients determined to be eligible for sunitinib treatment,
which resulted in heart failure in as many as 15% of the
patients. It is important for our results that baseline hy-
pertension not only did not increase the risk of major car-
diovascular events (table 3) but also identified the patients
with significantly longer PES (fig. 1). For comparison, Rini
et al. [5] found that patients treated with sunitinib with a
history of hypertension have a significantly longer overall
survival (median 31.8 vs. 21.4 months; p < 0.001) without
differences in PFS, but Szmit et al. [6] did not notice any
differences in survival related to sunitinib between pa-
tients with and without preexisting hypertension.

Our study demonstrates an association between
sorafenib-induced hypertension and PFS prolongation
(fig. 3) as well as an increased incidence of better radio-
logical response to treatment (table 2). Overall mortality
during treatment with sorafenib was also significantly
lower in patients with iatrogenic arterial hypertension.
Cardiovascular complications during sorafenib treat-
ment were rare (table 3) and were not significantly cor-
related with iatrogenic hypertension. However, it should
be noted that all episodes of CNS ischemia and myocar-
dial infarction occurred in the patients with sorafenib-
induced hypertension. Nevertheless, the results of our
study support that the clinical benefit of sorafenib is
higher than the cardiac risk. Iatrogenic arterial hyperten-
sion occurring already in the first month of treatment is
a good prognostic factor for cancer. Similarly, this find-
ing indicates the necessity of ensuring optimal cardiac
control of patients. Further studies are necessary to dem-
onstrate the effectiveness of antihypertensive treatment
for iatrogenic hypertension and its effect on the reduction
of cardiovascular events.

Observations suggest that arterial hypertension of
grade 3 or 4, according to CTCAE, may occur more often
during treatment with sunitinib than with sorafenib:
6.8% (95% CI 5.3-8.8%) for sunitinib [22] and 5.7% (2.5~
12.6%) for sorafenib [23]. Khakoo et al. [7] found that it
may be the cause of severe cardiovascular events during
treatment with sunitinib. In this aspect our study seems

474 Kidney Blood Press Res 2012;35:468-476

to be very interesting because patients with preexist-
ing and iatrogenic hypertension (grade 3 according to
CTCAE) have the longest PFS with an insignificant risk
of cardiovascular complications. It is in agreement with
observations of Bamias et al. [24] suggesting that there is
inversely a proportion between the incidence of iatrogen-
ic hypertension and risk of cardiovascular events in pa-
tients treated with angiogenesis inhibitors. This relation-
ship results from carefully monitoring BP thanks to home
measurements and using 24-hour automatic monitoring
in specific situations.

The available data indicate that the increase in BP in-
duced by sorafenib occurs on the first day of treatment; it
is difficult to predict the amplitude of this increase be-
cause it does not correlate with the patient’s age, weight,
race, sex or baseline BP [25]. Some authors suggest that
sorafenib-dependent pressure increases are caused di-
rectly by the blockade of the VEGF pathway, others pos-
tulate that this is a secondary effect involving epithelium
dysfunction [26]. In a pilot study, patients receiving
sorafenib at a dose of 400 mg twice daily had a mean in-
crease of systolic and diastolic BP of 10/7 mm Hg, and
this was a positive predictive factor [27]. The results of
our study correlate with this finding: in patients with
sorafenib-induced hypertension, PFES is significantly lon-
ger, mortality was significantly lower, and the risk of pri-
mary progression was significantly lower. Moreover, pa-
tients with preexisting hypertension seem to be good
candidates for treatment with sorafenib, because if they
experience early iatrogenic hypertension induced by
sorafenib, they have the most favorable outcome. The ret-
rospective nature of our work greatly limits the impor-
tance of these conclusions. All findings require evalua-
tion in prospective studies.

The results of our study are in agreement with the
findings of other observations demonstrating the posi-
tive prognosis of patients who experienced hypertension
under treatment with different angiogenesis inhibitors. It
was reported that the significantly lower relative risk of
death and relative lower risk of progression disease char-
acterized patients with increased diastolic BP =90 mm
Hg during either axitinib or sunitinib treatment [5, 28].
In study with sunitinib, Rini et al. [5] demonstrated that
patients with hypertension defined by maximum systolic
BP =140 mm Hg had significantly longer survival pa-
rameters of both PFS and overall survival. Bono et al. [4]
showed that persistent BP >150/100 mm Hg or BP requir-
ing intensification of preexisting antihypertensive medi-
cation are the positive predictive factors in patients treat-
ed with sunitinib.
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It is a very interesting clinical finding that patients
with hypertension induced by sorafenib and those with
preexisting hypertension have a longer PFS. Perhaps it
can be explained by the hypothesis that the history of
hypertension correlates with higher gene expression of
pathways associated with VEGFR 2&3, PDGFR £, ¢-Kit,
FLT3, RAF1 and BRAF, and other molecular factors
which are unknown to us at the present time. All may be
defined in patients with a higher probability of clinical
benefit during sorafenib treatment.

It is discussed that concomitant cardiovascular medi-
cations may improve the outcome of oncologic patients.
There is evidence that long-term use of angiotensin sys-
tem inhibitors may protect against cancer [29]. Patients
with metastatic renal carcinoma treated with sunitinib
and hypertension controlled by angiotensin-converting
enzyme inhibitors or angiotensin II receptor blockers
have longer PFS and overall survival [30]. The experi-
mental data showed that statins may increase cytostatic/
cytotoxic effects of sorafenib (but not sunitinib) [31]. Car-
diovascular diseases coexist with diabetes or metabolic
syndrome. Preclinical data have demonstrated that one

of the anti-hyperglycemic drugs, metformin, has anti-
cancer activity [32, 33]. The role of other medicines (e.g.
B-blockers like carvedilol or nebivolol) is unknown. In
our study, patients with cardiovascular comorbidities
were treated in line with obligatory guidelines of the Eu-
ropean Society of Cardiology. Patients with hypertension
received angiotensin-converting enzyme inhibitors and
it could improve their outcome. Moreover, most patients
with coronary artery disease or mild heart failure and
many patients with hypertension were treated with statins
(data not shown). There were patients who received met-
formin due to coexisting diabetes (data not shown). Only
randomized prospective controlled trials can test the hy-
pothesis of the positive relationship between cardiovas-
cular medicines and outcomes of patients treated with
angiogenesis inhibitors.

In conclusion, sorafenib-induced hypertension is a
positive predictive factor in mRCC patients treated with
sorafenib, especially in patients with a history of hyper-
tension. The risk of cardiovascular complications is insig-
nificant, even in patients with cardiologic comorbidities.
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