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 Abstract 
 Hypertension and hypothyreoidism are frequent side effects of VEGFR-inhibitors. We investigated whether hypertension 
or hypothyreoidism diagnosed during sunitinib treatment is associated with treatment effi cacy.  Material and methods . Sixty-
four consecutive patients with metastatic renal cell cancer (RCC) were treated with sunitinib in a single center. Hyperten-
sion was defi ned as persistent blood pressure  � 150/100 mmHg or blood pressure requiring intensifi cation of pre-existing 
anti-hypertensive medication. Hypothyreoidism was defi ned as elevation of TSH levels and clinical symptoms requiring 
hormone replacement therapy ( � Gr. II hypothyreoidim).  Results . Twenty-four (38%) patients developed hypertension and 
12 (19%) hypothyreoidism. The dose of sunitinib administered was not signifi cantly associated with hypertension or 
hypothyreoidism. There was no correlation between hypertension and hypothyreoidism. Hypertension was associated with 
frequent tumor response to sunitinib, a long time to disease progression and long overall survival (p  �  0.001, 0.0003 and 
0.001, respectively). In a multivariate analysis, hypertension was an independent predictor of progression-free survival 
(hazard ratio, 0.21; 95% CI 0.076 to 0.59, p  �  0.0030). There were no statistically signifi cant differences in the frequency 
of  �  grade 3 adverse events between patients with or without hypertension.  Conclusion . Sunitinib-associated hypertension 
may be a strong predictive marker for treatment effi cacy in metastatic RCC.    
Few predictive factors for effi cacy of vascular 
endothelial growth factor (VEGF) pathway-targeting 
therapies have been identifi ed. Hypertension is a 
common side effect associated with VEGFR inhibi-
tors, and it has been proposed as a predictor of anti-
tumor effi cacy in metastatic renal cell carcinoma 
(RCC) [1 – 5]. 

 Sunitinib is an inhibitor of several tyrosine 
kinase receptors including VEGFR, PDGFR, c-KIT, 
and RET. The pathogenesis of sunitinib-related 
hypertension is likely multifactorial. Antagonism of 
VEGF decreases bioavailability of nitric oxide, a 
potent vasodilator, leading to constriction of vascula-
ture and reduction in renal excretion of sodium ions, 
which may lead to an increase of the blood pressure. 
Anti-angiogenic therapy-related hypertension may 
also be caused by vascular rarefaction resulting from 
the reduced endothelial function [6]. 

 There are currently paucity of data available 
regarding hypertension that develops during suni-
tinib treatment, treatment response and survival. The 
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available data, which is mostly retrospective, suggest 
that patients with RCC who develop hypertension 
during sunitinib might benefi t more from treatment 
than those who do not develop hypertension [1,3,5]. 
Since it is important to confi rm these fi ndings, we 
analyzed a series of consecutive patients diagnosed 
with advanced RCC and treated with sunitinib 
monotherapy for the presence treatment-associated 
hypertension and outcome.  

 Material and methods  

 Patients and treatment 

 Sixty-four consecutive patients diagnosed with pro-
gressive metastatic RCC and treated with single-
agent sunitinib at the Department of Oncology, 
Helsinki University Central Hospital, Helsinki, 
Finland, within the time period from October 2006 
to December 2008 were identifi ed from the hospital 
registry and included in the study. Sunitinib was 
ntral Hospital, P.O Box 180, HUS, FIN-00029, Helsinki, Finland. Tel:  � 358 
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  Table I. Patient characteristics.  

 Characteristic  n (%) 

Age
 � 50 5 (8)
50 – 60 20 (31)
61 – 70 21 (33)
 � 70 18 (28)

Gender
Male 40 (63)
Female 24 (37)

Prior treatments for advanced RCC
Radiotherapy 35 (55)
IFN α 31 (45)

WHO performance status
0 38 (59)
 � 1 26 (41)

Line of treatment
1 st 31 (48)
2 nd 24 (38)
 � 3 rd 9 (14)

Time from initial diagnosis
  �  12 months 38 (59)
 � 12 months 26 (41)

Prior nephrectomy
Yes 58 (91)
No 6 (9)

Number of organ sites affected
1 9 (14)
2 27 (42)
 � 3 28 (44)
administered either 50 mg four weeks on / two weeks 
off (n  �  21; 33%), 37.5 mg (n  �  27; 42%), or 
25 mg (n  �  16; 25%) continuously [7]. None of the 
patients had received prior sorafenib, eight patients 
(13%) had received prior bevacizumab and 31 (48%) 
prior cytokine therapy. 

 Data collected from the hospital case records 
included patient demographic features, treatments 
given, adverse events, hospitalizations and outcome 
data. Data cut-off date was set at June 1, 2009 to 
provide a median follow-up time of longer than 
10.2 months at the time of data analysis. This explor-
atory study was approved by an Institutional Review 
Board.   

 Assessment or response and adverse effects 

 Response to treatment was assessed by physical 
examination and computed tomography (or MRI) 
every 12 weeks (two cycles). All imaging data were 
evaluated by radiologists with experience in tumor 
response evaluation, which was assessed according to 
the RECIST criteria [8]. Responses were confi rmed 
after two cycles of further treatment with sunitinib. 
Adverse effects were collected from hospital records, 
and reported according to common terminology 
criteria for adverse events (CTCAE) version 3.0.   

 Assessment of blood pressure and thyroid function 

 Blood pressure was measured on days 1 and 28, and 
day 1 of each sunitinib cycle, respectively. We catego-
rized patients according to their blood pressure into 
two groups, Group A and Group B. Group A con-
sisted either of patients whose blood pressure was 
higher than 150/100 mmHg and who started medi-
cation for hypertension during sunitinib treatment or 
of patients who had one or more antihypertensive 
drugs before initiation of sunitinib treatment and 
who needed intensifi cation of antihypertensive ther-
apy during therapy (either dose increase or addition 
of a new antihypertensive agent). The rest of the 
patients, who had blood pressure 150/100 mmHg or 
less throughout sunitinib therapy formed Group B. 

 Thyroid function was assessed at six week 
intervals by measuring serum TSH and T4 levels. 
Management of thyroid dysfunction was initiated 
whenever patient was symptomatic and measured 
TSH was above the upper limit of normal (grade II 
hypothyroidism or greater).   

 Statistical analyses 

 Frequency tables were analyzed with the  χ  2  test. 
Time to progression was calculated from the date of 
sunitinib initiation to the date of documented cancer 
progression or to death, whenever death preceded 
cancer progression. Patients without disease progres-
sion were censored at the time of last follow-up. Over-
all survival was calculated from the start of sunitinib 
therapy to the date of death from any cause. Life-
tables were computed according to the Kaplan-Meier 
method. Survival curves were compared with the 
log-rank test. The infl uence of covariables on time to 
disease progression was assessed using a Cox ’ s propor-
tional hazard model. Besides hypertension, the follow-
ing covariables entered into the model: pre-treatment 
blood haemoglobin level (tested normal vs. low), pre-
treatment serum calcium level (normal vs. elevated), 
the World Health Organization (WHO) performance 
status (0 vs.  � 1) and the time from the initial diagno-
sis to the onset of metastatic disease ( � 12 months 
vs.  � 12 months). All p-values are two-sided.    

 Results  

 Patient population and treatment administered 

 The characteristics of the 64 study participants are 
presented in Table I. The median age was 64 (range, 
44 to 81) and the median follow-up time of the 
patients alive was 11.7 months (range, 2.1 – 29.7). 
Most (n  �  59, 92%) of the patients had RCC with 
clear cell histology, and all but six patients had under-
gone nephrectomy prior to initiation of sunitinib 
treatment. 
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  Table II. Systolic and diastolic blood pressure among patients 
requiring treatment or sunitinib-related hypertension.   

Measure

Baseline 
mmHg, 

mean  �  SD

At start of 
HTN therapy 

mmHg, 
mean  �  SD

One month 
after start of 

HTN therapy 
mmHg, 

mean  �  SD

SBP 137.4  �  4.1 157.0  �  6.9 147.2  �  7.6
DBP  85.1 � 3.1 100.6  �  5.7  93.6  �  4.2

   Abbreviations: HTN, hypertension; SD, standard deviation; SBP, 
systolic blood pressure; DBP, diastolic blood pressure   
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 The median duration of sunitinib treatment was 
6.2 months (range, 0.3 to 29.7), time to progression 
10.2 months (95% CI, 5.1 to 18.0), and overall sur-
vival 17.4 months (95% CI, 11.6 to NA). Nineteen 
(29%) patients had partial response (PR), 37 (58%) 
stabilized disease (SD) and eight (13%) progressive 
disease (PD) as their best response. Eighteen (28%) 
patients discontinued sunitinib treatment due to an 
adverse event without confi rmation of disease pro-
gression. There were no treatment-related deaths.   

 Effect of hypertension on outcome 

 A total of 24 (38%) patients were diagnosed with 
persistent hypertension  � 150/100 mmHg or required 
intensifi cation of medication due to worsening of 
hypertension (Group A), whereas the rest of the 
patients (Group B, n  �  40, 62%) had blood pressure 
 � 150/100 mmHg during sunitinib treatment and 
required neither initiation nor intensifi cation of anti-
hypertensive medication. There were no statistically 
signifi cant differences in the frequency of the most 
important prognostic factors of RCC between 
Groups A and B (prior nephrectomy, pre-treatment 
blood haemoglobin and serum calcium levels, the 
WHO performance status, the time from the initial 
diagnosis to the diagnosis of metastatic disease, or 
the number of organ sites affected; p  �  0.05 for all 
comparisons). Treatment-related development of 
hypertension was not either associated with age. 

 The mean blood pressure at the time of initiation 
of hypertension medication was 157.0/100.6 mmHg 
(Table II). The median time to initiation of antihy-
pertensive treatment or medication intensifi cation 
was 28 days as calculated from the start of sunitinib 
treatment (range, 10 to 80 days). There was no cor-
relation between the sunitinib dose and the frequency 
of hypertension, since 38% of the patients treated 
with a daily dose of 50 mg and 37% of those treated 
with less than 50 mg per day required initiation 
or intensifi cation of antihypertensive medication 
(p  �  0.66). There were no statistically signifi cant dif-
ferences in the frequency of grade 3 adverse events 
between Groups A and B (including haemorrhage, 
proteinuria, cerebrovascular adverse events; p  �  0.05 
for all comparisons). 

 The median duration of sunitinib treatment 
was 8.5 months in Group A and 4.1 months in 
Group B (p  �  0.0023). Twelve (50%) patients had 
PR as best response in Group A, whereas in Group 
B only fi ve (13%) patients had PR as the best response 
(p  �  0.0010). Furthermore, signifi cantly more 
patients in Group B (n  �  27) than in Group A 
(n  �  2) had PD as the best response (p   �   0.0001). 

 Development of hypertension was also associated 
with longer time to disease progression and overall 
survival as compared with no hypertension (log-rank 
test; p  �  0.0003 and p  �  0.0001, respectively). The 
median time to disease progression was not reached 
in Group A versus 4.7 months in Group B (95% CI, 
3.3 to 6.5; Figure 1A). Similarly, overall survival was 
not reached in Group A and 9.5 months in Group B 
(Figure 1B). 

 Twelve patients (19%) experienced symptoms of 
hypothyroidism and had elevated TSH levels during 
sunitinib treatment. The median time to the onset 
of hypothyroidism was 6.2 months (range, 1.8 to 
12.5 months). The median TSH level at the time of 
thyroid hormone replacement therapy was 10.2 mU/l 
(range, 4.97 to 40.5 mU/l). There was no correlation 
  Figure 1.     Time to progression (Panel A) and overall survival (B) 
by hypertension treatment during sunitinib therapy.  
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  Table III. Cox regression analysis of progression-free survival.  

Variable Hazard ratio for progression 95% CI P

Pretreatment hemoglobin (normal vs.  � normal) 1.06 0.36 – 3.09 0.91
Pretreatment calcium level (normal vs.  � normal) 1.50 0.19 – 5.21 0.71
WHO performance status (0 vs.  � 1) 0.13 0.11 – 0.62 0.0064
Time from diagnosis to onset of metastasis ( � 12 vs.  �  12 months) 0.29 0.13 – 1.02 0.062
Treatment related hypertension (yes vs. no) 0.21 0.076–0.59 0.0030

   Abbreviations: CI, confi dence interval; WHO, World Health Organization   .
between sunitinib dose and diagnosis of hypothy-
roidism (p  �  0.51). Similarly, there was no statisti-
cally signifi cant correlation between patients requiring 
initiation or intensifi cation of hypertension medica-
tion and patients who developed Gr. II or more 
severe hypothyroidism (p  �  0.42). Interestingly, 
among patients with treatment-related hypothyroid-
ism requiring thyroid hormone replacement therapy, 
six (50%) patients had PR as their best response and 
only one patient (8%) had PD as the best response. 
Since patients who responded to sunitinib had more 
time to develop hypothyroidism than those who pro-
gressed and hypothyroidism developed relatively late, 
a comparison of such groups in a Kaplan-Mayer 
analysis was not considered feasible. 

 We performed a Cox multivariate analysis to fi nd 
out whether development or worsening of hyperten-
sion was an independent predictive factor for treat-
ment effi cacy using the progression-free survival as 
an endpoint. In this analysis, sunitinib-treatment 
related hypertension was an independent predictive 
factor for progression-free survival (hazard ratio, 
0.21; 95% CI 0.076 to 0.59; p  �  0.0030).    

 Discussion 

 In line with earlier fi ndings [1,3,5], the present results 
suggest that development or worsening of hyperten-
sion is a predictive factor for response to sunitinib 
and favorable outcome in metastatic RCC. We found 
a surprisingly strong association (Figure 1), and 
hypertension was an independent predictive factor 
for progression-free survival in a multivariate survival 
analysis. Although the present series was retrospec-
tive in nature, it was based on consecutive patients. 
To our knowledge, the present series is the fi rst one 
to address the association between hypertension and 
hypothyreosis among patients treated with an antian-
giogenic agent. We found no association between 
hypertension and hypothyreosis, but found the time 
of onset of hypertension and hypothyreosis to be dif-
ferent. Since hypothyreosis was usually diagnosed rela-
tively late among patients being treated with sunitinib, 
it is likely not a useful predictive factor for response, 
whereas hypertension usually occurs early and may, 
therefore, be used as a potential tool to identify patients 
who are most likely to benefi t from sunitinib treat-
ment. However, it is noteworthy that in our analysis, 
about 25% of the patients with no development or 
worsening of hypertension, had  �  12 month TTP 
which is longer than the median TTP of metastatic 
RCC patients being treated with sunitinib. 

 Despite intriguing recent results that IL-8 has an 
important role in the resistance of RCC to sunitinib 
[9], thus far no predictive biomarkers that reliably 
predict patient outcome during VEGF-signaling 
inhibiting antiangiogenic agent therapy have been 
identifi ed despite intensive research. The most exten-
sively studied candidates include tumor expression 
of VEGF and VEGFR, the phosphorylation status 
of VEGFR, serum levels of soluble VEGF receptors 
1 to 3, serum circulating endothelial cells and 
their precursors, and genetic polymorphisms of 
VEGF and VEGFR-2. Jubb et al. evaluated also 
tumor expression of VEGF-A, thrombospondin-2 
and tumor mean vessel density, but found none of 
these factors to be associated with the clinical 
benefi t among cancer patients treated with chemo-
therapy with or without bevacizumab [10]. In 
another study mutations of  k-ras ,  b-raf  and  TP53  
were not associated with survival in a patient popu-
lation treated with chemotherapy with or without 
bevacizumab [11]. 

 A recent report found that hypertension during 
antiangiogenic treatment is associated with certain 
VEGF single nucleotide polymorphisms, suggesting 
that such polymorphisms might serve as predictive 
factors for effi cacy of antiangiogenic treatment [12]. 
Yet, these provocative fi ndings need to be confi rmed 
in other series. Sunitinib treatment may be associ-
ated with cardiotoxicity, which may be exacerbated 
by hypertension [13]. This emphasizes the need to 
monitor and manage hypertension during sunitinib 
treatment. 

 We conclude that the present data provides fur-
ther support to the hypothesis that hypertension is a 
predictive factor for treatment response to sunitinib 
and favorable survival in patients treated for advanced 
RCC. The present retrospective results suggest that 
the difference in outcome is substantial between 
patients who develop sunitinib-associated hyperten-
sion and those who do not. Prospective studies clearly 
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warranted to confi rm this hypothesis, as may also be 
studies where the sunitinib dose is tailored based on 
changes in the blood pressure. 
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