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Bevacizumab has been reported to increase blood pressure. However, the factors, including patient characteristics 
and laboratory data contributing to this side effect remain unclear. Therefore, we investigated the relationships 
between increased blood pressure and bevacizumab administration, patient characteristics, and laboratory data. 
Between April 2007 and January 2018, factor analysis was retrospectively conducted by monitoring increases in 
blood pressure, the status of bevacizumab administration, patient characteristics, and laboratory data before the 
first administration in Japanese patients with colorectal cancer who satisfied the criteria for this study.  Sixty-seven 
patients were included, 34 of whom (50.7%) had an increase in blood pressure after bevacizumab administration. 
On univariate analysis, liver metastasis, antihypertensive drug use, systolic blood pressure at rest before the first 
bevacizumab administration, body mass index, creatinine, and blood platelet count were significantly different 
between the two groups. Multivariate analysis was conducted using increased blood pressure as an objective 
variable and the factors extracted by the univariate analysis as explanatory variables. The results suggested that 
liver metastasis, antihypertensive drugs, systolic blood pressure at rest before the first bevacizumab administration, 
and creatinine were associated with the increase in blood pressure.  Furthermore, a log-rank test performed based 
on Kaplan-Meier curves demonstrated that liver metastasis in patients not taking antihypertensive drugs and 
antihypertensive drug use in patients without liver metastasis were significantly associated with increased blood 
pressure. Additionally, liver metastasis in patients with antihypertensive drug use was significantly associated with 
increased blood pressure. Our findings suggest that liver metastasis and antihypertensive drug use, which was 
previously reported, are risk factors for increased blood pressure. 

1. Introduction
Bevacizumab is a monoclonal antibody against vascular endo-
thelial growth factor (VEGF). VEGF is a cytokine that enhances 
vascular permeability and controls the cell division of vascular 
endothelial cells. Its expression is increased in several cancer 
cells.  Bevacizumab inhibits the binding of VEGF to its receptor, 
which is expressed on vascular endothelial cells, by specifically 
interacting with VEGF. Bevacizumab suppresses angiogenesis 
in tumor tissues by preventing the biological activity of VEGF, 
which inhibits tumor growth. In addition, bevacizumab improves 
the accessibility of anticancer agents to tumors as a result of the 
decrease in interstitial pressure in tumor cells due to reduced 
vascular permeability via VEGF (AVASTIN Japanese interview 
form; Ferrara et al. 2003; Ferrara and Davis-Smyth 1997; Presta et 
al. 1997; Willett et al. 2004; Gerber and Ferrara 2005).
Bevacizumab is indicated for unresectable progressive or recurrent 
colon and rectal cancers, non-small-cell lung cancers, excluding 
squamous cell cancers, ovarian cancers, progressive or recurrent 
cervical cancers, inoperable or recurrent breast cancers, and 
malignant glioma. The main adverse reactions to bevacizumab are 
hypertension, proteinuria, and bleeding. Among these, hyperten-
sion is reported to occur in 18% of all patients treated. Therefore, 
blood pressure monitoring and control are important because 
several fatalities resulting from hypertensive encephalopathy 
or hypertensive crisis have been reported (AVASTIN Japanese 
package insert). The reported mechanisms of hypertension induced 
by bevacizumab are the suppression of endogenous nitric oxide 
synthesis in the vascular endothelium by VEGF inhibition (Ferrara 

et al. 2003), and reduction of the microvascular bed (Feihl 2006), 
which increases peripheral vascular resistance. In the clinical 
setting, some patients first exhibit an increase in blood pressure 
after bevacizumab administration and others redevelop increased 
blood pressure even under antihypertensive drugs. According to 
the Special Drug Use-Results Survey in Japan (AVASTIN Special 
drug use surveillance) and the report by Wicki et al. (2014), a past 
history or complication of hypertension, and antihypertensive drug 
use, respectively, were found to be risk factors for increased blood 
pressure by bevacizumab.  Meta-analyses concluded that a single 
dose of bevacizumab and tumor type were risk factors for a marked 
increase in blood pressure (An et al. 2010).
However, few studies on risk factors for increased blood pressure 
by bevacizumab using patient characteristics and laboratory data 
have been reported. Therefore, the aim of this study was to evaluate 
factors related to increased blood pressure by evaluating bevaci-
zumab administration, patient characteristics, and laboratory data 
in Japanese colorectal cancer patients.

2. Investigations and results

2.1. Patient characteristics and laboratory data
A total of 67 patients were included in the study, 34 of whom (50.7%) 
had an increase in blood pressure. The median frequency of beva-
cizumab administration was 3 times (range: 1-12), and the median 
cumulative dose of bevacizumab was 1,050 mg (range: 375-3,960) 
when the increase in blood pressure was noted. In the 34 patients 
with an increase in blood pressure, a single dose of bevacizumab 
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was 5 mg/kg in 27, 7.5 mg/kg in 6, and 10 mg/kg in 1. In the 33 
patients without an increase in blood pressure, the doses were 5 mg/
kg in 29 and 7.5 mg/kg in 4, demonstrating no significant difference 
between the two groups. The average systolic blood pressure (SBP) 
at rest before the first bevacizumab administration was significantly 
higher in patients with an increase in blood pressure than in patients 
without an increase in blood pressure (128.5±11.1 and 116.6±13.3 
mmHg, respectively, p<0.05). There was no significant difference in 
diastolic blood pressure (DBP) at rest before the first bevacizumab 
administration between the two groups (71.3±10.6 and 71.1±10.4 
mmHg, respectively). As shown in Table 1, among the patient charac-
teristics, the presence of liver metastasis, antihypertensive drug use, 
and body mass index (BMI) were significantly different between the 
two groups (p<0.05). Regarding laboratory data, creatinine (CRE) 
and blood platelet count (PLT) were significantly different between 
the two groups (p<0.05), as shown in Table 2.

2.2. Two-value logistic regression analysis
Multivariate analysis was conducted using the increase in blood 
pressure as an objective variable and the factors extracted by the 
univariate analysis as explanatory variables.  As shown in Table 
3, liver metastasis, antihypertensive drug use, SBP at rest before 
the first bevacizumab administration, and CRE were found to be 
associated with the increase in blood pressure (odds ratio: 9.69, 
95% confidence interval: 2.01-46.74, p<0.05, odds ratio: 5.92, 
95% confidence interval: 1.23-28.49, p<0.05, odds ratio: 1.06, 
95% confidence interval: 1.00-1.12, p<0.05, odds ratio: 136.17, 
95% confidence interval: 1.52-12186.25, p<0.05, respectively).

Table 1: Patient characteristics with and without an increase in blood 
pressure after bevacizumab administration

Increased blood 
pressure (+)

Increased blood 
pressure (-)

p-value

Age 69.7±9.3 66.5±11.5 0.21 *1

Sex (male/female) 24/10 19/14 0.20 *2

Height (cm) 159.3±9.2 161.3±9.6 0.39 *1

Body weight (kg) 58.3±11.7 54.3±11.5 0.16 *1

BMI (kg/m2) 22.8±3.4 20.7±2.9 0.0065 *1

BSA (m2) 1.55±0.18 1.52±0.20 0.45 *1

PS (ECOG) (0-1/2) 34/0 32/1 - -

Previous chemotherapy (+/-) 32/2 30/3 0.49 *2

Stage of cancer (3/4) 4/30 9/24 0.097 *2

Liver metastasis (+/-) 23/11 12/21 0.0099 *2

Antihypertensive drugs (+/-) 19/15 7/26 0.0036 *2

Diabetes mellitus (+/-) 5/29 1/32 0.11 *2

Data are presented as the mean±standard deviation, n, or score.  BMI, body mass index; BSA, body 
surface area; PS, performance status.
*1 : Student’s t-test
*2 : Fisher’s exact test

Table 2: Laboratory values with and without an increase in blood pres-
sure after bevacizumab administration

Increased blood 
pressure (+)

Increased blood 
pressure (-)

p-value

WBC 5557±1777 6018±2185 0.35 *1

Neut 3458±1628 3807±2054 0.53 *2

Hb (g/dL) 12.0±1.7 12.1±1.9 0.81 *1

PLT (×104) 17.1±6.3 21.1±6.7 0.014 *1

T-Bil (mg/dL) 0.57±0.17 0.64±0.36 0.72 *2

AST (IU/L) 28.4±12.1 31.8±25.8 0.98 *2

ALT (IU/L) 22.4±13.9 21.9±11.9 0.71 *2

ALP (IU/L) 295.7±136.2 376.3±279.3 0.38 *2

CRE (mg/dL) 0.78±0.18 0.68±0.14 0.0090 *1

Ccr (mL/min) ND ND - -

Estimated Ccr (mL/min) 72.1±21.6 78.4±22.0 0.24 *1

Proteinuria 
(2+/+/±/ /unmeasured)

1/0/2/8/23 0/0/0/5/28 - -

Alb (g/dL) 4.0±0.5 3.8±0.6 0.25 *1

LDH (IU/L) 225.5±94.0 350.9±478.5 0.32 *2

Data are presented as the mean±standard deviation or n.  T-Bil, total bilirubin; AST, aspartate ami-
notransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; CRE, creatinine; Ccr, 
creatinine clearance; Alb, albumin; LDH, lactate dehydrogenase; ND, not determined.  HbA1c was 
measured only in 1 patient (HbA1c:5.9) with an increase in blood pressure, and in no patient without 
an increase in blood pressure.
*1 : Student’s t-test
*2 : Mann-Whitney’s U-test

Table 3: Multivariate analysis (two-value logistic regression analysis)

Odds ratio 95% confidence interval p-value

Liver metastasis (+) 9.69 2.01 - 46.74 0.005

Antihypertensive drugs (+) 5.92 1.23 - 28.49 0.027

Systolic blood pressure 1.06 1.00 - 1.12 0.048

BMI 1.05 0.86 - 1.29 0.628

CRE 136.17 1.52 - 12186.25 0.032

PLT 0.96 0.86 - 1.06 0.434

BMI, body mass index; PLT, platelet count; CRE, creatinine. 

2.3. The log-rank test with Kaplan-Meier curves for the 
increase in blood pressure
The log-rank test was performed based on Kaplan-Meier estimates 
of blood pressure increase, and liver metastasis in patients without 
antihypertensive drug use and antihypertensive drug use in patients 
without liver metastasis were demonstrated to be significantly 
associated with increased blood pressure (p<0.05) (Figs. 1 and 
2). Additionally, liver metastasis in patients with antihypertensive 
drug use was significantly associated with increased blood pressure 
(p<0.05) (Fig. 3). Among patients without antihypertensive drug 
use, although 7 administrations of bevacizumab led to increased 
blood pressure in 50% of the patients with liver metastasis, the 
amount of bevacizumab administered in this study was not suffi-
cient to increase blood pressure in 50% of the patients without 
liver metastasis (Fig. 1). Similarly, among patients without liver 
metastasis, six administrations of bevacizumab led to increased 
blood pressure in 50% of the patients on antihypertensive drugs, 
but the amount of bevacizumab administered in this study was not 
sufficient to increase blood pressure in 50% of the patients who 

Fig. 1: Kaplan-Meier estimates of blood pressure increase with and without liver 
metastasis in patients without antihypertensive drugs
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were not on antihypertensive drugs (Fig. 2). Furthermore, among 
patients using antihypertensive drugs, although three administra-
tions of bevacizumab led to increased blood pressure in 50% of the 
patients with liver metastasis, six administrations of bevacizumab 
led to increased blood pressure in 50% of the patients without liver 
metastasis (Fig. 3). Of the 67 patients, 12 had both antihypertensive 
drug use and liver metastasis (17.9%), 23 only had liver metastasis 
(34.3%), 14 only had antihypertensive drug use (20.9%), and 18 
had neither (26.9%).

of the liver may have been affected, causing high bevacizumab 
concentrations to be maintained, resulting in enhanced activity. 
However, this cannot be concluded in the absence of reports on 
the pharmacokinetics of this drug in patients with liver metastasis. 
The frequency of liver metastasis was previously reported to be 
70-87% in colorectal cancer patients treated with first-line chemo-
therapy (Dy et al. 2007; Tournigand et al. 2004; Okines et al. 2009; 
Douillard et al. 2010; Maughan et al. 2011). Therefore, careful 
follow-up is needed because the same frequency may be noted in 
colorectal cancer patients treated with bevacizumab.
According to this survey, the increase in blood pressure was 
50.7%. However, a clinical trial and the Special Drug Use-Results 
Survey in Japan involving patients with colorectal cancer reported 
an increase of 14.04% (AVASTIN Japanese interview form).  By 
comparing the results of this survey with those of the Special Drug 
Use-Results Survey in Japan, the rates of patients with liver metas-
tasis were 52.20 and 58.98%, respectively, and the rates of patients 
who had taken antihypertensive drugs were 38.80 and 18.64 %, 
respectively. In this survey, the rate of patients receiving oral anti-
hypertensive drugs was higher, which may have contributed to the 
higher incidence of increased blood pressure.
The median frequency of administration in the group with 
increased blood pressure was three times, and the median cumula-
tive dose was 1,050 mg, but the timing of appearance varies among 
studies. Some studies reported that the interval until the increase in 
blood pressure was 4 to 6 weeks (Syrigos et al. 2011), as observed 
in this survey, whereas others noted a delayed appearance in 
many patients (Feliu et al. 2015); the definition of an increase 
in blood pressure in these studies was consistent with that in our 
survey. There was no association between the increase in blood 
pressure and the administration period (AVASTIN Special drug 
use surveillance). Kaplan-Meier curves for the increase in blood 
pressure demonstrated a significant difference for the presence 
of liver metastasis in patients without antihypertensive drug, and 
antihypertensive drug use in patients without liver metastasis. 
Additionally, the presence of liver metastasis in patients with anti-
hypertensive drug use was significantly associated with increased 
blood pressure. Although six to seven administrations of bevaci-
zumab led to increased blood pressure in 50% of the patients with 
at least one risk factor, three administrations of bevacizumab led 
to increased blood pressure in 50% of the patients with two risk 
factors at an earlier stage. Therefore, our findings suggest that 
liver metastasis as well as antihypertensive drug use, which was 
previously reported, are risk factors for increased blood pressure 
soon after bevacizumab administration. In particular, patients with 
both antihypertensive drug use and liver metastasis require careful 
follow-up because they were found to have increased blood pres-
sure at an earlier stage.
Although there was no significant difference in the association 
with the dose per session, it was reported to be a risk factor for a 
marked increase in blood pressure (An et al. 2010). Thus, caution 
is needed when administering high-dose bevacizumab. Based 
on multivariate analysis, CRE may be a risk factor for increased 
blood pressure because blood pressure increases in patients with 
impaired renal function due to excretory failure of sodium or urine, 
increased renin secretion, and increased peripheral vascular resis-
tance. Multivariate analysis did not reveal any causal relationship, 
but univariate analysis indicated significant differences in the BMI 
and PLT between the groups. The significant difference in BMI may 
be related to correlations among the distribution volume, clearance, 
and BMI. On the other hand, we were unable to clarify why there 
was a significant difference in the PLT. Considering the influence 
of prior chemotherapy, we conducted a sub-analysis to compare the 
PLT by dividing the 67 patients into two groups: with and without 
prior chemotherapy. However, there was no significant difference. 
In contrast, a previous study reported that thrombocytosis was 
correlated with the degree of tumor infiltration or metastasis forma-
tion in patients with liver metastasis from colorectal cancer (Jósa et 
al. 2015). This should be further reviewed in the future. 
We also examined the influence of sex (female) (Brahmer et al. 
2011), which was previously reported as a risk factor, and diabetes 

Fig. 3: Kaplan-Meier estimates of blood pressure increase with and without liver 
metastasis in patients with antihypertensive drugs

Fig. 2: Kaplan-Meier estimates of blood pressure increase with and without antihy-
pertensive drug use in patients without liver metastasis

3. Discussion
This survey suggested that risk factors for increased blood pressure 
include liver metastasis in addition to the oral administration of 
antihypertensive drugs, which was previously reported. Bevaci-
zumab is not metabolized via oxidation/reduction responses to 
drug-metabolizing enzymes. It may be captured by the reticuloen-
dothelial system, such as in the liver and spleen, via Fc receptors 
or other in vivo receptors, leading to its disappearance from the 
circulation (Ghetie and Ward 2000). Therefore, in the presence of 
liver metastasis, decomposition by the reticuloendothelial system 
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mellitus, which may reduce endothelial nitric oxide synthase 
(eNOS) activity by vascular endothelial cells being exposed to 
stress (Vanhoutte et al. 2016; Robinson et al. 2010). However, as 
the percentage of males was higher and there were few patients 
with diabetes mellitus, no association was found. Additionally, we 
investigated sex, body weight, aspartate aminotransferase (AST), 
alkaline phosphatase (ALP), and albumin (Alb), which were 
reported to influence the clearance of bevacizumab (AVASTIN 
Japanese interview form; Lu et al. 2008), but there were no signif-
icant differences. 
Based on this survey, risk factors for a bevacizumab-induced 
increase in blood pressure include the presence of liver metastasis 
and oral administration of antihypertensive drugs, which was 
previously reported. The findings of this study should be applied 
to clinical pharmaceutical care.
Our study has some limitations. First, this was a retrospective survey 
with a limited number of colorectal cancer patients. Additionally, 
the average SBP at rest before the first bevacizumab administra-
tion was significantly higher in patients with an increase in blood 
pressure than in patients without an increase in blood pressure. 
Thus, patients with increased blood pressure may be grouped with 
the patients with a smaller increase in blood pressure. However, 
the presence of liver metastasis and antihypertensive drug use may 
be more influential than the SBP at rest before the first bevaci-
zumab administration because they were found to be independent 
risk factors by multivariate analysis. In the future, the accuracy of 
prediction must be improved by increasing the number of patients 
and carcinoma types.

4. Experimental

4.1. Participants
All patients with colorectal cancer for whom bevacizumab (Avastin®, F. Hoffmann-La 
Roche Ltd, Basel, Switzerland) administration was started at Mazda Hospital of 
Mazda Motor Corporation (Hiroshima, Japan) between April 2007 and January 2018.

4.2. Defi nition of an increase in blood pressure
Increased blood pressure was defined as systolic blood pressure (SBP) ≥150 mmHg 
or diastolic blood pressure (DBP) ≥100 mmHg, which are the same standards as in 
the clinical trial and Special Drug Use-Results Survey in Japan based on Common 
Terminology Criteria for Adverse Events (CTCAE) Version 3.0.

4.3. Inclusion and exclusion criteria
In consideration of our clinical setting, inclusion criteria consisted of: performance 
status (PS) (Eastern Cooperative Oncology Group, ECOG) ≤2, neutrophils (Neut), 
platelet count (PLT), total bilirubin (T-Bil), aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), and creatinine (CRE) ≤ grade 2 (CTCAE v4.0). These 
inclusion criteria were selected according to the standards of chemotherapy use set 
in the Japanese Society for Cancer of the Colon and Rectum Guidelines 2016 for the 
treatment of colorectal cancer (JSCCR Guidelines 2016).
Exclusion criteria included patients with SBP ≥150 mmHg or DBP ≥100 mmHg 
before the first bevacizumab administration.

4.4. Survey period and items
This survey was conducted between April 2007 and January 2018. The following 
items were retrospectively investigated using electronic medical records (1) Blood 
pressure:
SBP and DBP at rest before bevacizumab administration on each visiting day were 
measured by patients to avoid white coat hypertension; (2) Status of bevacizumab 
administration: Frequency of administration and single dosage; (3) Patient charac-
teristics (at the start of administration): Age, sex, height, body weight, PS (ECOG), 
presence of previous chemotherapy, stage of cancer, presence of liver metastasis or 
diabetes mellitus, and antihypertensive drug use; (4) Laboratory data (at the start of 
administration): White blood cell count (WBC), Neut, hemoglobin (Hb), PLT, T-Bil, 
AST, ALT, alkaline phosphatase (ALP), CRE, creatinine clearance (Ccr), albumin 
(Alb), lactate dehydrogenase (LDH), hemoglobin A

1c
 (HbA

1c
), and qualitative assess-

ment of urine protein.

4.5. Statistical analyses
The results were calculated as the mean±standard deviation (S.D.). The Mann-
Whitney U-test was used to compare single doses between the groups with or without 
an increase in blood pressure induced by bevacizumab. SBP and DBP were compared 
using the Student’s t-test. To compare the patient characteristics, the Student’s t-test or 
Fisher’s direct probability test was conducted. Laboratory data were compared using 
the Student’s t-test or Mann-Whitney U-test. To extract factors associated with the 

increase in blood pressure, multivariate analysis (two-value logistic regression anal-
ysis) was performed using the increase in blood pressure as the objective variable and 
the factors extracted by the univariate analysis as explanatory variables. The log-rank 
test was conducted with Kaplan-Meier curves for the increase in blood pressure with 
or without the factors extracted by the multivariate analysis. All univariate analyses 
were carried out using Statcel Ver.2, the multivariate analysis was conducted using 
Minitab®16, and the log-rank test was performed using EZR (Kanda 2013). A p-value 
of 0.05 was considered significant.

4.6. Ethical approval
This study was approved by the Medical Ethics Committee of Mazda Hospital of 
Mazda Motor Corporation.

Acknowledgements: The authors are grateful to Dr. Kotaro Sumii of the Department 
of Cardiology, Mazda Hospital of Mazda Motor Corporation for his helpful advice 
for our research design.

Conflicts of interest: None declared.

References
An MM, Zou Z, Shen H, Liu P, Chen ML, Cao YB, Jiang YY (2010) Incidence and 

risk of significantly raised blood pressure in cancer patients treated with bevaci-
zumab: an updated meta-analysis. Eur J Clin Pharmacol 66: 813 - 821.

AVASTIN Japanese interview form.
AVASTIN Japanese package insert.
AVASTIN Special drug use surveillance.
Brahmer JR, Dahlberg SE, Gray RJ, Schiller JH, Perry MC, Sandler A, Johnson DH 

(2011) Sex differences in outcome with bevacizumab therapy: analysis of patients 
with advanced-stage non-small cell lung cancer treated with or without bevaci-
zumab in combination with paclitaxel and carboplatin in the Eastern Cooperative 
Oncology Group Trial 4599. J Thorac Oncol 6: 103 - 108.

Douillard JY, Siena S, Cassidy J, Tabernero J, Burkes R, Barugel M, Humblet Y, 
Bodoky G, Cunningham D, Jassem J, Rivera F, Kocákova I, Ruff P, Błasińs-
ka-Morawiec M, Šmakal M, Canon JL, Rother M, Oliner KS, Wolf M, Gansert J 
(2010) Randomized, phase III trial of panitumumab with infusional fluorouracil, 
leucovorin, and oxaliplatin (FOLFOX4) versus FOLFOX4 alone as first-line treat-
ment in patients with previously untreated metastatic colorectal cancer: the PRIME 
study. J Clin Oncol 28: 4697 - 4705.

Dy GK, Krook JE, Green EM, Sargent DJ, Delaunoit T, Morton RF, Fuchs CS, 
Ramanathan RK, Williamson SK, Findlay BP, Pockaj BA, Sticca RP, Alberts 
SR, Pitot HC 4th, Goldberg RM; Intergroup N9741 (2007) Impact of complete 
response to chemotherapy on overall survival in advanced colorectal cancer: 
results from Intergroup N9741. J Clin Oncol 25: 3469 - 3474.

Feihl F, Liaudet L, Waeber B, Levy BI (2006) Hypertension: a disease of the micro-
circulation? Hypertension 48: 1012 - 1017.

Feliu J, Salud A, Safont MJ, García-Girón C, Aparicio J, Losa F, Bosch C, Escudero P, 
Casado E, Jorge M, Bohn U, Pérez-Carrión R, Carmona A, Custodio AB, Maurel J 
(2015) Correlation of hypertension and proteinuria with outcome in elderly bevaci-
zumab-treated patients with metastatic colorectal cancer. PLoS One 10.

Ferrara N, Davis-Smyth T (1997) The biology of vascular endothelial growth factor. 
Endocr Rev 18: 4 - 25.

Ferrara N, Gerber HP, LeCouter J (2003) The biology of VEGF and its receptors. Nat 
Med 9: 669 - 676.

Gerber HP, Ferrara N (2005) Pharmacology and pharmacodynamics of bevacizumab 
as monotherapy or in combination with cytotoxic therapy in preclinical studies. 
Cancer Res 65: 671 - 680.

Ghetie V, Ward ES (2000) Multiple roles for the major histocompatibility complex 
class I- related receptor FcRn. Annu Rev Immunol 18: 739 - 766.

Jósa V, Krzystanek M, Vass T, Lang T, Juhász V, Szilágyi K, Tihanyi B, Harsányi L, 
Szállási Z, Salamon F, Baranyai Z (2015) Thrombocytosis of liver metastasis from 
colorectal cancer as predictive factor. Pathol Oncol Res 21: 991 - 997.

Kanda Y (2013) Investigation of the freely available easy-to-use software ‘EZR’ for 
medical statistics. Bone Marrow Transplant 48: 452 - 458.

Lu JF, Bruno R, Eppler S, Novotny W, Lum B, Gaudreault J (2008) Clinical phar-
macokinetics of bevacizumab in patients with solid tumors. Cancer Chemother 
Pharmacol 62: 779 - 786.

Maughan TS, Adams RA, Smith CG, Meade AM, Seymour MT, Wilson RH, Idziaszczyk 
S, Harris R, Fisher D, Kenny SL, Kay E, Mitchell JK, Madi A, Jasani B, James MD, 
Bridgewater J, Kennedy MJ, Claes B, Lambrechts D, Kaplan R, Cheadle JP, MRC 
COIN Trial Investigators (2011) Addition of cetuximab to oxaliplatin-based first-line 
combination chemotherapy for treatment of advanced colorectal cancer: results of 
the randomised phase 3 MRC COIN trial. Lancet 377: 2103 - 2114.

Okines A, Puerto OD, Cunningham D, Chau I, Van Cutsem E, Saltz L, Cassidy J 
(2009) Surgery with curative-intent in patients treated with first-line chemotherapy 
plus bevacizumab for metastatic colorectal cancer First BEAT and the randomized 
phase-III NO16966 trial. Br J Cancer 101: 1033 - 1038.

Presta LG, Chen H, O’Connor SJ, Chisholm V, Meng YG, Krummen L, Winkler 
M, Ferrara N (1997) Humanization of an anti-vascular endothelial growth factor 
monoclonal antibody for the therapy of solid tumors and other disorders. Cancer 
Res 57: 4593 - 4599.

Robinson ES, Khankin EV, Karumanchi SA, Humphreys BD (2010) Hypertension 
induced by vascular endothelial growth factor signaling pathway inhibition: mech-
anisms and potential use as a biomarker. Semin Nephrol 30: 591 - 601.

Syrigos KN, Karapanagiotou E, Boura P, Manegold C, Harrington K (2011) Bevaci-
zumab-induced hypertension: pathogenesis and management. BioDrugs 25: 159 
- 169.



ORIGINAL ARTICLES

Pharmazie 73 (2018) 675

Tournigand C, André T, Achille E, Lledo G, Flesh M, Mery-Mignard D, Quinaux E, 
Couteau C, Buyse M, Ganem G, Landi B, Colin P, Louvet C, de Gramont A (2004) 
FOLFIRI followed by FOLFOX6 or the reverse sequence in advanced colorectal 
cancer: a randomized GERCOR study. J Clin Oncol 22: 229 - 237.

Vanhoutte PM, Zhao Y, Xu A, Leung SW (2016) Thirty years of yaying NO: Sources, 
fate, actions, and misfortunes of the endothelium-derived vasodilator mediator. 
Circ Res 119: 375 - 396.

Wicki A, Hermann F, Prêtre V, Winterhalder R, Kueng M, von Moos R, Rochlitz C, 
Herrmann R (2014) Pre-existing antihypertensive treatment predicts early increase 

in blood pressure during bevacizumab therapy: the prospective AVALUE cohort 
study. Oncol Res Treat 37: 230 - 236.

Willett CG, Boucher Y, di Tomaso E, Duda DG, Munn LL, Tong RT, Chung DC, 
Sahani DV, Kalva SP, Kozin SV, Mino M, Cohen KS, Scadden DT, Hartford AC, 
Fischman AJ, Clark JW, Ryan DP, Zhu AX, Blaszkowsky LS, Chen HX, Shellito 
PC, Lauwers GY, Jain RK (2004) Direct evidence that the VEGF-specific anti-
body bevacizumab has antivascular effects in human rectal cancer. Nat Med 10: 
145 - 147.


