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Abstract
Regorafenib, a multikinase inhibitor, is effective in treating metastatic colorectal cancer (mCRC). Hypertension is a frequently 
occurring adverse effect caused by regorafenib regardless of previous treatment with vascular endothelial growth factor 
(VEGF) inhibitors in almost all patients. We identified the risk factors associated with regorafenib-induced severe hyper-
tension. Patients with mCRC (n = 100) who received regorafenib were evaluated retrospectively. The primary endpoint was 
the evaluation of the risk factors for grade ≥ 3 hypertension. The association between pre-existing hypertension at baseline 
and grade ≥ 3 hypertension symptoms was also assessed. Patients with pre-existing hypertension at baseline accounted for 
55% of the total patients. The starting doses of regorafenib were 160 mg (49.0% of patients), 120 mg (29.0%), and 80 mg 
(22.0%). The incidence of grade ≥ 3 hypertension was 30.0%. The median time to grade ≥ 3 symptom development was 
7 days (range: 1–56 days). Additional antihypertensive treatment was administered to 83.6% of patients who developed 
hypertension. Logistic regression analyses revealed that baseline pre-existing hypertension complications and previous 
anti-VEGF treatment for ≥ 700 days were independent risk factors for grade ≥ 3 hypertension development. Further analyses 
revealed that pre-existing hypertension before anti-VEGF treatment (primary hypertension) was significantly related to the 
symptom development (adjusted odds ratio, 8.74; 95% confidence interval, 2.86–26.72; P = 0.0001). Our study suggests 
that pre-existing primary hypertension and previous anti-VEGF treatment for ≥ 700 days are independent risk factors for 
regorafenib-induced severe hypertension. Deeper understanding of the symptom nature and management can significantly 
contribute to safer interventions, necessitating further studies.
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Introduction

Regorafenib, a multikinase inhibitor, exerts an inhibitory 
effect on several protein kinases associated with the regula-
tion of tumor angiogenesis (vascular endothelial growth fac-
tor receptor [VEGFR] 1–3, TIE2), oncogenesis (KIT, RET, 

RAF1, BRAF, and BRAFV600E), and the tumor microenvi-
ronment (platelet-derived growth factor receptor [PDGFR] 
and fibroblast growth factor receptor [FGFR]) [1, 2]. It is 
also the first small-molecule multikinase inhibitor to provide 
survival benefits in metastatic colorectal cancer (mCRC) [1, 
2]. However, regorafenib administration frequently induces 
adverse effects such as hand-foot-skin reaction (HFSR), 
hypertension, liver dysfunction, diarrhea, fatigue, anorexia, 
proteinuria, and voice changes [1, 2]. A phase III trial on 
mCRC showed that 38% of patients had dose reduction, and 
61% of them experienced dose interruption owing to severe 
symptoms [1].

Hypertension is one of the most frequently occurring 
adverse effects of regorafenib in mCRC treatment (30–60% 
of cases), regardless of previous treatment with VEGF inhib-
itors in almost all patients [1, 2]. It mainly manifests within 
3 weeks from treatment initiation [3]. The mechanisms 
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underlying this symptom are considered to be decreased 
nitric oxide (NO) production, increased endothelin-1, acti-
vation of the renin-angiotensin-aldosterone system, and cap-
illary rarefaction, all of which are caused by the anti-VEGF 
effect [1, 4, 5]. Hypertension is related to cardiovascular 
events in patients receiving multikinase inhibitors, and, in 
general, it also induces renal events [6–11]. Risk factors 
associated with hypertension induced by multikinase inhibi-
tors include pre-existing hypertension, older age, and higher 
body mass index (BMI) [12]. Additionally, pre-existing 
hypertension, antihypertensive drug use, older age, higher 
dosage, female sex, higher serum creatinine level, and pres-
ence of liver metastasis are associated with that by bevaci-
zumab, which is the most representative anti-VEGF mono-
clonal antibody [5, 13–17]. However, a previous study on 
multikinase inhibitor-induced hypertension included a small 
number of patients with mCRC who received regorafenib 
and evaluated only anti-VEGF treatment-naive patients [12]. 
Patients with mCRC generally receive anti-VEGF agents 
such as bevacizumab, ramucirumab, and aflibercept beta as 
frontline treatment for a certain period [18], suggesting that 
patients’ profiles are quite different from those of patients 
with other malignancies in a real-world setting.

In the present study, we aimed to identify risk factors 
associated with regorafenib-induced severe hypertension in 
patients with mCRC.

Methods

Patients

Patients with mCRC who received regorafenib between 
May 2013 and March 2022 at Hokkaido University Hos-
pital were retrospectively evaluated. All enrolled patients 
met the following baseline criteria: (1) age ≥ 20 years, (2) 
Eastern Cooperative Oncology Group performance sta-
tus (ECOG-PS) score of 0 to 2, and (3) sufficient renal or 
liver function for treatment induction. Patients who had 
uncontrolled baseline hypertension (grade ≥ 3 symptoms), 
were not able to complete the first cycle of treatment due 
to progression disease and severe skin toxicity, and were 
transferred to another hospital during the treatment were 
excluded from the study. Patients with inadequate medical 
records were also excluded. The total number of patients 
was calculated based on the assumption that the incidence 
of grade ≥ 3 hypertension, which was defined as the primary 
symptom, would be 30%, and approximately three covariates 
were included in the multivariate analysis (10 events per 
variable) based on previous reports and our clinical experi-
ence [2, 19]. The present study was approved by the Ethical 
Review Board for Life Science and Medical Research of 
Hokkaido University Hospital (approval number:021–0141) 

and was performed in accordance with the Declaration of 
Helsinki and the STROBE statement. Given the retrospec-
tive nature of this study, the requirement for informed con-
sent was waived.

Treatment methods

Regorafenib was administered at an oral dose of 160 mg/day 
on days 1–21, every 4 weeks [1, 2]. Some patients received 
a reduced starting dose with a subsequent dose-escalation 
strategy (starting dose of 80–120 mg/day with weekly 40 mg 
escalation to 160 mg/day, if possible), which was in line 
with that mentioned in a previous study [20]. Treatment was 
discontinued according to the criteria stated on the medical 
package insert [21]. Antihypertensive drugs such as angio-
tensin II receptor blockers (ARBs), angiotensin-converting 
enzyme inhibitors (ACEIs), calcium channel blockers, and 
diuretic drugs were administered to the patients to amelio-
rate the symptoms, at the physician’s discretion.

Survey of the incidence and severity 
of hypertension

All the required information was obtained from the patients’ 
medical records. Patients visited the hospital weekly dur-
ing the first 2 months to undergo an evaluation of adverse 
effects. We strongly advised all patients to maintain a daily 
diary, which all patients wrote, provided by Bayer Yakuhin 
Ltd. (Osaka, Japan). Home blood pressure by referring to 
the documented journal and in-hospital blood pressure 
were evaluated by physicians or pharmacists at every visit. 
Severity was graded according to the Common Terminology 
Criteria for Adverse Events (CTCAE), version 5.0. For this 
study, hypertension was defined as the occurrence of any of 
the following conditions: (1) a diagnosis of hypertension 
as recorded in the medical records, (2) at least one antihy-
pertensive medication prescription, and (3) blood pressure 
(home and visit) indicating CTCAE grade ≥ 2 according to 
the current European Society of Cardiology guidelines and 
the European Society of Cardiology position paper [22, 23]. 
The incidence and severity of hypertension during the entire 
treatment period were evaluated. The primary endpoint was 
defined to reveal the risk factor(s) associated with the inci-
dence of CTCAE grade ≥ 3 hypertension, as we considered 
that grade ≥ 3 symptoms are clinically problematic because 
they definitely require treatment with antihypertensive medi-
cation and suspension of regorafenib administration, as men-
tioned in a previous report [12].

Statistical analysis

Univariate and multivariate analyses were performed 
using logistic regression analysis to reveal the baseline 
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independent risk factors for grade ≥ 3 hypertension devel-
opment. For these analyses, we used the following covari-
ates: sex, age, ECOG-PS score, clinical stage, KRAS sta-
tus, body surface area, BMI, presence of liver metastasis, 
neutropenia, anemia, thrombocytopenia, hypoalbuminemia, 
liver dysfunction (grade ≥ 2 elevated levels of aspartate 
aminotransferase, alanine aminotransferase, and total bili-
rubin), renal dysfunction (creatinine clearance of < 60 mL/
min), C-reactive protein elevation at baseline, dose reduction 
since treatment initiation, duration from the last anti-VEGF 
therapy to regorafenib initiation, duration of total pretreated 
anti-VEGF therapy, and presence of pre-existing hyperten-
sion, which is in line with previous reports [5, 12–17]. Vari-
ables that demonstrated potential associations with grade ≥ 3 
hypertension incidence in the univariate logistic regression 
analysis (P ≤ 0.15) were input into the multivariable model. 
The incidence of grade ≥ 3 hypertension between specific 
patient groups was compared using Fisher’s exact probabil-
ity method. Receiver operating characteristic (ROC) curve 
analysis was performed to estimate the optimal cutoff values 
of previous anti-VEGF treatment periods.

All data analyses were performed using JMP, version 
14.0, statistical software (SAS Institute Japan, Tokyo, 
Japan). Differences were considered statistically significant 
when P-values were less than 0.05.

Results

Patient characteristics

Overall, 100 patients with mCRC were enrolled in this study 
(Fig. 1). Baseline patient characteristics are listed in Table 1. 
Median patient age was 64 years (range; 28–83 years), BMI 
was 22.73 kg/m2 (14.95–30.39 kg/m2), and serum albumin 
levels were 3.8 g/dL (2.1–4.7 g/dL). Liver metastasis was 

seen in 66% of the patients. Median duration from the last 
anti-VEGF administration was 109 days (11–1554 days) 
and that of the total previous anti-VEGF treatment was 
505 days (42–1916 days). Pre-existing hypertension at base-
line was noted in 55% of the patients. The starting doses of 
regorafenib were 160 mg, 120 mg, and 80 mg in 49%, 29%, 
and 22% of patients, respectively. Median treatment duration 
was 56 days (range: 14–738 days).

Incidence and severity of hypertension

Data of the incidence and severity of hypertension dur-
ing regorafenib treatment are shown in Table 2. The inci-
dence of grade ≥ 3 symptoms was 30.0%, and that of all 
defined hypertension cases was 55.0%. The median time for 
grade ≥ 2 and ≥ 3 symptom development was 7 days from 
treatment initiation for both grades (range: 1–56 days for 
both grades). Additional antihypertensive treatment was 
administered to 83.6% of patients with regorafenib-induced 
hypertension. ARBs were the most common drugs admin-
istered (69.6% of patients receiving antihypertensive treat-
ment), followed by calcium channel blockers (52.2%) and 
diuretics (8.7%).

Risk analysis of severe hypertension development

The results of the univariate and multivariate analyses to iden-
tify risk factors for the development of grade ≥ 3 hypertension 
are shown in Table 3. ROC curve analysis results revealed 
that the cutoff for total previous anti-VEGF treatment dura-
tion was 706 days, with an area under the ROC curve of 0.62, 
sensitivity of 58.6%, and specificity of 68.6%. Therefore, we 
set the cutoff for the previous anti-VEGF treatment period to 
700 days. Results of logistic regression analysis revealed that 
baseline pre-existing hypertension complications and previ-
ous anti-VEGF treatment for ≥ 700 days were independent 

Fig. 1   Study design
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Table 1   Patient characteristics

ECOG, Eastern Cooperative Oncology Group; BSA, body surface area; BMI, body mass index; LLN, lower limit of nor-
mal; Hb, hemoglobin; Plt, platelet; CRP, C-reactive protein; ULN, upper limit of normal; VEGF, vascular endothelial 
growth factor; ARB, angiotensin receptor blocker; ACEI, angiotensin-converting enzyme inhibitor. Liver dysfunction: 
grade 2 or higher aspartate aminotransferase, alanine aminotransferase, or total bilirubin elevation. Renal dysfunction: 
creatinine clearance of less than 60 mL/min. Types of antihypertensive agents include reduplication

Sex (male/female) 56/44
Age (median, range) 64 (28–83)
Performance status (ECOG)
  0–1 93
  2 7

Primary site
  Rectum 35
  Sigmoid colon 31
  Ascending colon 14
  Descending colon 8
  Cecum 8
  Transverse colon 3
  Ileocecal region 1

Recurrence 49
KRAS mutation wild 47
Liver metastasis presence 66
BSA (m2) (median, range) 1.61 (1.28–2.10)
BMI (kg/m2) (median, range) 22.73 (14.95–30.39)
Neutrophil (/µL) (median, range) 3048 (909–10,349)
  Number of patients with less than LLN 19

Hb (g/dL) (median, range) 11.5 (7.9–15.1)
  Number of patients with less than LLN 77

Plt (× 103/µL) (median, range) 204 (57–703)
  Number of patients with less than LLN 27

Albumin (g/dL) (median, range) 3.8 (2.1–4.7)
  Number of patients with less than LLN 68

Liver dysfunction 3
Renal dysfunction 15
CRP (mg/dL) (median, range) 0.57 (0.02–8.59)
  Number of patients with higher than ULN 68

Number of previous anti-VEGF agents
  1 88
  2 12

Duration from previous anti-VEGF administration (days) 109 (11–1554)
Duration of previous anti-VEGF treatment (days) 505 (42–1916)
Baseline pre-existing hypertension 55
  Before anti-VEGF treatment 33
  After anti-VEGF treatment 22

Baseline antihypertensive treatment details
  Number of antihypertensive drugs
    1 21
    2 21
    3 6
  Type of antihypertensive drugs
    ARBs or ACEIs 35
    Calcium channel blockers 34
    Diuretics 5
    Beta-blockers 5

Starting dosage
  160 mg 49
  120 mg 29
  80 mg 22
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risk factors for grade ≥ 3 symptom development (Table 3A). 
Patients with hypoalbuminemia tended to experience grade ≥ 3 
symptoms at a higher rate; however, the difference was not 
statistically significant. We further evaluated the relationship 
between the timing of pre-existing hypertension development 
(before or after the first anti-VEGF treatment) and the devel-
opment of regorafenib-induced severe hypertension. Patients 
with pre-existing hypertension before anti-VEGF therapy, 
which indicates primary hypertension, had a significantly 
higher incidence of grade ≥ 3 regorafenib-induced hyperten-
sion than those without baseline hypertension and with pre-
existing hypertension caused by previous anti-VEGF treatment 
(Fig. 2). Consequently, we performed multivariate analysis 
again using pre-existing primary hypertension before anti-
VEGF treatment instead of all baseline pre-existing hyper-
tension, which yielded the same results (adjusted odds ratio, 
8.74; 95% confidence interval, 2.86–26.72; P = 0.0001 for pri-
mary hypertension, 4.59; 1.41–14.92; P = 0.01 for previous 
anti-VEGF treatment ≥ 700 days, Table 3B). By contrast, pre-
existing hypertension caused by previous anti-VEGF treatment 
was not extracted as a factor (data not shown).

Discussion

Regorafenib administration induces hypertension and sub-
sequent cardiovascular and renal events through its main 
mechanism of action. A meta-analysis suggested that 

patients receiving regorafenib have a significantly higher 
risk of hypertension development than those receiving best 
supportive care [4], even though previous anti-VEGF treat-
ment had already targeted the VEGF-signaling pathways 
before its administration. Another study evaluated the factors 
associated with multikinase inhibitor-induced hypertension. 
A few patients with mCRC were included in that study. In 
addition, those who previously received anti-VEGF therapy 
were excluded [12]. Consequently, the factors may differ 
from results in the real-world mCRC treatment owing to pre-
VEGF modifications. In the present study, we first identified 
the risk factors associated with regorafenib-induced severe 
hypertension development in real-world mCRC treatment.

The results showed that 55% of the patients experi-
enced regorafenib-induced hypertension, including 30% 
of grade ≥ 3 cases. The incidence of grade ≥ 3 symptoms 
was higher than that reported in previous studies [1, 2]; as 
primary hypertension at baseline and previous anti-VEGF 
treatment duration of ≥ 700 days were associated with symp-
tom development, there might have been more patients with 
risk factors in our study. In addition, similar results were 
obtained in a previous study [12]; the authors speculated 
that the potential reason is the evolution of the definition of 
hypertension severity with more detailed evaluation from 
CTCAE, version 3.0. Moreover, in the Japanese subgroup 
analysis of the CORRECT study, the incidence rate of all-
grade hypertension was higher than that in the non-Japanese 
population, although severe symptoms appeared similarly 
[1, 2]. Previous studies on other kinase inhibitors have also 
shown a higher rate of hypertension development in the 
Japanese population [24–26]. Furthermore, regorafenib-
administered Japanese patients have experienced higher 
rates of HFSR, proteinuria, thrombocytopenia, and lipase 
elevations than non-Japanese patients [2]. The detailed 
rationale remains unclear; as population pharmacokinetic 
analysis showed a similar 24-h area under the regorafenib-
concentration curve between the Japanese and non-Japanese 
subpopulations [2], Japanese patients may show more sen-
sitivity to multikinase inhibitor-induced adverse effects. 
Therefore, the results of the present study should be inter-
preted in light of this knowledge.

Pre-existing primary hypertension has been regarded 
as a factor for hypertension caused by multikinase inhibi-
tors and bevacizumab [12–14]. The underlying mecha-
nism is unknown, but it could be reasonable to speculate 
that higher baseline blood pressure levels in hypertensive 
patients could have affected the results, as hypothesized 
by Hamnvik et al. [12]. Wicki et al. also reported that 
pre-existing cardiovascular disease, other comorbidities, 
or other medications do not affect its incidence in bevaci-
zumab-treated patients [13]. They concluded that underly-
ing hypertension contributes to the sensitivity of patients 
to the prohypertensive effects of bevacizumab, irrespective 

Table 2   Incidence, severity, and appearance time of hypertension, 
and additional antihypertensive treatment

ARBs, angiotensin receptor blocker. Ratio of appearance time and 
additional antihypertensive treatment is for each total content

Incidence of grade ≥ 3 hypertension (n, %) 30 (30.0%)
Severity of hypertension (n, %)
  Grade 2
  Grade 3

25 (25.0%)
30 (30.0%)

Appearance time of grade ≥ 2 hypertension (median, 
range)

  Days 1–7
  Days 8–14
  Days 15–21
  Days 22–28
  Day 29 or later
Appearance time of grade ≥ 3 hypertension (median, 

range)
  Days 1–7
  Days 8–14
  Days 15–21
  Days 22–28
  Days 29 or later

7 (1–56)

34 (61.8%)
9 (16.4%)
1 (1.8%)
2 (3.6%)
9 (16.4%)
7 (1–56)

21 (70.0%)
5 (16.7%)
0
0
4 (13.3%)

Additional antihypertensive treatment (n, %)
  ARBs
  Calcium channel blockers
  Diuretics

46 (46.0%)
32 (69.6%)
24 (52.2%)
4 (8.7%)
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Table 3   Univariate and multivariate analyses of risk factors for grade ≥ 3 regorafenib-induced hypertension using (A) baseline pre-existing 
hypertension and (B) pre-existing hypertension before anti-VEGF treatment

* P < 0.05, **P < 0.01. BSA, body surface area; BMI, body mass index; CRP, C-reactive protein; VEGF, vascular endothelial growth factor. Liver 
dysfunction: grade ≥ 2 aspartate aminotransferase, alanine aminotransferase, and total bilirubin levels. Renal dysfunction: creatinine clearance of 
less than 60 mL/min

Univariate analysis Multivariate analysis

(A) Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value

Sex
Male/female 0.86 (0.36–2.02) 0.73 Excluded -
Age (years)
  ≥ 65/ < 65 2.00 (0.84–4.78) 0.12 0.96 (0.33–2.75) 0.93

Performance status (ECOG)
  2/0 or 1 0.37 (0.04–3.20) 0.36 Excluded -

Clinical stage
  IV/recurrence 0.64 (0.27–1.52) 0.32 Excluded -

KRAS status
  Wild/mutant 0.81 (0.34–1.92) 0.63 Excluded -

BSA (m2)
  ≥ 1.5/ < 1.5 2.14 (0.72–6.36) 0.17 Excluded -

BMI (kg/m2)
  ≥ 25.0/ < 25.0 1.45 (0.55–3.78) 0.45 Excluded -

Liver metastasis
  Present/absent 1.30 (0.52–3.26) 0.58 Excluded -

Neutropenia
  Present/absent 1.47 (0.51–4.20) 0.47 Excluded -

Anemia
  Present/absent 1.54 (0.51–4.66) 0.45 Excluded -

Thrombocytopenia
  Present/absent 0.76 (0.28–2.05) 0.59 Excluded -

Hypoalbuminemia
  Present/absent 2.35 (0.79–6.99) 0.12 3.47 (0.99–12.15) 0.05

Liver dysfunction
  Present/absent 1.17 (0.10–13.44) 0.9 Excluded -

Renal dysfunction
  Present/absent 1.69 (0.54–5.28) 0.36 Excluded -

CRP elevation
  Present/absent 0.92 (0.37–2.28) 0.85 Excluded -

Dose reduction from treatment initiation
  Present/absent 0.78 (0.33–1.84) 0.57 Excluded -

Duration from previous anti-VEGF treatment
  ≥ 28 days/ < 28 days 0.95 (0.37–2.43) 0.92 Excluded -

Duration of total anti-VEGF treatment
  ≥ 700 days/ < 700 days 3.09 (1.26–7.56) 0.01* 3.61 (1.21–10.79) 0.02*

Baseline pre-existing hypertension
  Present/absent 5.03 (1.83–13.83) 0.002** 4.21 (1.41–12.58) 0.01*

(B)
Age (years)
  ≥ 65/ < 65 2.00 (0.84–4.78) 0.12 0.76 (0.25–2.38) 0.65

Hypoalbuminemia
  Present/absent 2.35 (0.79–6.99) 0.12 3.36 (0.95–11.89) 0.06

Duration of total anti-VEGF treatment
  ≥ 700 days/ < 700 days 3.09 (1.26–7.56) 0.01* 4.59 (1.41–14.92) 0.01*

Pre-existing hypertension before anti-VEGF treatment
  Present/absent 8.77 (3.33–23.11)  < 0.0001** 8.74 (2.86–26.72) 0.0001**
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of the actual antihypertensive therapy [13]. We are in com-
plete agreement with their opinion. We further divided 
patients with primary hypertension before anti-VEGF 
treatment into those who did or did not develop hyperten-
sion due to previous anti-VEGF treatment and evaluated 
the incidence of regorafenib-induced hypertension, result-
ing in no difference (data not shown). Considering the 
results of the present study and those of previous reports, 
pre-existing primary hypertension before anti-VEGF 
treatment was significantly associated with regorafenib-
induced severe hypertension development, whereas pre-
existing hypertension induced by previous anti-VEGF 
treatment was not related to the symptoms.

Previous anti-VEGF treatment for a duration of 700 days 
or longer was also detected as an associated factor. This 
mechanism is unclear, as previous anti-VEGF treatment-
induced hypertension was not associated with the develop-
ment of grade ≥ 3 symptoms. The proportion of patients 
with baseline hypertension including primary or pretreated 
anti-VEGF-induced symptoms was not different between 
those with durations shorter and longer than 700 days (data 
not shown). In addition, we also evaluated the possibility 
of multicollinearity between the duration of total previous 
anti-VEGF treatment shorter and longer than 700 days and 
pre-existing hypertension values at baseline or prior to anti-
VEGF treatment (primary hypertension), which resulted in 
a non-relationship (correlation coefficient of 0.11 and 0.06, 
respectively). Consequently, long-term inhibition of VEGF 
signaling pathways or anti-VEGF modification, regardless 
of hypertension development, may have affected the results. 
Further evaluation of this rationale will provide important 
insights.

It has been reported that bevacizumab- or multikinase 
inhibitor-induced hypertension occurs relatively at the early 
stage of the treatment (1–3 months) and stabilizes after a 
certain period [12, 13], which is consistent with our results. 
In particular, 70% of the patients experiencing grade ≥ 3 
hypertension developed the symptoms within a week, while 
approximately 10% of the patients exhibited the symptoms 
after 1 month. Hence, it is necessary to monitor the symp-
toms and educate patients about its early development, par-
ticularly those with risk factors. By contrast, the duration 
from the last anti-VEGF treatment to regorafenib initiation 
did not affect the incidence of grade ≥ 3 hypertension; we 
set the duration as 28 days considering the previous treat-
ment period. There was also no correlation between the 
interval from the last anti-VEGF treatment and grade ≥ 3 
hypertension development, even though we further assessed 
the longer interval (until a year; data not shown). As the per-
sisting duration of anti-VEGF and hypertensive effects from 
the last anti-VEGF agent administration remains unclear, 
further studies are required. Furthermore, BMI, which was 
suggested as a risk factor in a previous study evaluating mul-
tikinase inhibitors such as sunitinib, sorafenib, and pazo-
panib, was not extracted as a factor in this study, a finding 
that was consistent with the results of previous regorafenib 
evaluations [2, 12]. Interestingly, a regular starting dosage 
(initiation from 160 mg/day, with dose reduction depending 
on the adverse effects) was not associated with grade ≥ 3 
hypertension development. A study that assessed the pos-
sibility of reducing the starting dose with subsequent dose 
escalation revealed that patients with dose-escalation dosing 
strategies developed hypertension similar to that in patients 
receiving a standard dosage [20]. Taguchi et al. reported that 

Fig. 2   Incidence of grade ≥ 3 
hypertension between patients 
without baseline hyperten-
sion, those with pre-existing 
hypertension after previous 
anti-VEGF therapy, and patients 
with pre-existing hypertension 
before anti-VEGF therapy. HT, 
hypertension; VEGF, vascular 
endothelial growth factor
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the blood concentrations of regorafenib and its metabolites 
differ in each individual, even at the same dosage, suggest-
ing that its efficacy and safety should not be predicted only 
by its dosage [27]. As the correlation between blood con-
centrations of the drug and its efficacy or safety is not fully 
understood, further evaluation is needed.

It is important to manage hypertension caused by anti-
VEGF treatment to ensure safer administration. van Dorst 
et al. [11] emphasized the importance of baseline cardiovas-
cular risk stratification and screening, regular blood pressure 
monitoring, and appropriate drug intervention. Management 
guidelines for anti-VEGF treatment-induced hypertension 
have not been established; however, we generally follow the 
national guidelines for primary hypertension management 
[11]. ARBs or ACEIs are most frequently prescribed owing 
to their mechanism of action, although there is no evidence 
of their superior performance over others, and calcium 
channel blockers are often administered [4]. We assessed 
the additional antihypertensive treatment, which revealed 
that ARB administration or dose increase was initially con-
ducted in patients without baseline hypertension or full dose 
of ARBs or ACEIs, with an adequate antihypertensive effi-
cacy of 62.5%. Calcium channel blockers, with an adequate 
efficacy of 91.7%, were prescribed in cases of full doses of 
ARBs or ACEIs. However, ACEIs were not administered 
to any of the patients for the treatment. Furthermore, we 
additionally evaluated the influence of the type of baseline 
antihypertensive drug on the results in patients with pre-
existing hypertension, which revealed no difference (data not 
shown). In contrast, evaluation of the relationship between 
the number of antihypertensive medications at baseline and 
regorafenib-induced hypertension development revealed 
that patients who started with ≥ 2 antihypertensive medi-
cations were more likely to develop regorafenib-induced 
severe hypertension than those who received 0–1 medica-
tion, although there was no difference in grade ≥ 2 symp-
toms (48.1% and 23.3%, P = 0.03, for grade ≥ 3 symptoms, 
and 59.3% and 53.4%, P = 0.66, for grade ≥ 2 symptoms). 
Considering these results, we recommend monitoring blood 
pressure cautiously and prescribing per-request drugs before 
regorafenib initiation in all patients with risk factors, espe-
cially those taking multiple antihypertensive medications. In 
addition, it is critical to establish the most effective strategy 
for anti-VEGF therapy-induced hypertension.

This study has some limitations. First, this study had a 
retrospective design and assessed a relatively small patient 
population from a single institution. Second, we pinned more 
importance on the evaluation of home-based blood pres-
sure rather than in-hospital measurement, as some patients 
have masked hypertension or white-coat hypertension [13]. 
However, home-based monitoring can be influenced by 
the procedure and performance of a hemadynamometer. 
As we did not assess the methods for home blood pressure 

measurement used in this study, this might have affected the 
results. Finally, we did not evaluate regorafenib or its metab-
olite concentration in the blood. The trough concentration 
levels of N-oxide/desmethyl metabolites have been found 
to be significantly associated with the severity of hyperten-
sion or rash [28], which might have influenced the results. 
As a result, our preliminary findings should be validated in 
future research.

In conclusion, our study suggests that pre-existing pri-
mary hypertension and previous anti-VEGF treatment 
for 700 days or longer are independent risk factors for 
regorafenib-induced severe hypertension. A deeper under-
standing of the nature of the symptoms and their manage-
ment significantly contributes to safer administration; hence, 
further studies are necessary.
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