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ABSTRACT

Background. Within the class of tyrosine kinase inhibitors (TKIs), which are used for the treatment of numerous advanced
cancers, lenvatinib is associated with a higher prevalence of hypertension (HT) compared with other TKIs. In this study, we
investigated the effect of lenvatinib on blood pressure (BP) and associated factors.

Methods. This single-centre, retrospective observational study included 25 consecutive patients treated with lenvatinib for
unresectable hepatocellular carcinoma from April 2018 to December 2018 at the study institution. We assessed changes in
BP using ambulatory BP monitoring, urinary sodium excretion, kidney function, use of antihypertensive agents and
diuretics, and fluid retention following treatment initiation with lenvatinib.

Results. At 1 week after treatment initiation, the mean BP and the percentage of patients with riser pattern significantly
increased compared with those at the baseline. Although there were no significant changes at 1 week, urinary sodium
excretion (153.4 = 51.7 and 112.5 + 65.0 mEqg/day at 1 and 3 weeks, respectively, P < 0.05) and estimated glomerular filtration rate
significantly decreased and the number of patients with fluid retention increased at 3 weeks. Furthermore, patients with fluid
retention had significantly higher BP or required more intensive BP treatment compared with those without fluid retention.

Conclusions. Lenvatinib might lead to HT without fluid retention soon after the initiation of treatment, subsequently leading
to a reduction in urinary sodium excretion, thereby contributing to a rise in BP by fluid retention.

Keywords: ambulatory blood pressure monitoring, blood pressure, lenvatinib, tyrosine kinase inhibitor, urinary sodium
excretion
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INTRODUCTION . .

topic in recent years, encompasses topics related to treatments
Onconephrology, a recently established subspecialty in for malignant diseases and nephrological complications includ-
Nephrology that has been attracting attention as an important ing kidney dysfunction, proteinuria, hypertension (HT) and
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electrolyte and fluid abnormalities, particularly in patients with
pre-existing kidney diseases [1, 2]. Among the wide range of
anti-cancer drugs, tyrosine kinase inhibitors (TKIs) have been
the most frequently used antineoplastic agents in recent years.
In addition to their known availability, TKIs are also recognized
for the various adverse effects associated with their use [3].
Although TKIs have fewer adverse events compared with other
antineoplastic agents, elevated blood pressure (BP) and kidney
injury such as proteinuria and impaired kidney function are the
most frequent adverse effects of TKIs. One study reported that
the prevalence of TKI-induced HT ranged between 17% and
49.6% [4]. While HT is a crucial risk factor for cardiovascular dis-
ease, several studies showed that the elevation of BP was signif-
icantly associated with better prognosis and reflected the
efficacy of vascular endothelial growth factor (VEGF) inhibitors
in patients with cancer [5-7]. Therefore, discontinuation or dose
reduction during TKI therapy is not recommended.

Lenvatinib (Lenvima®; Eisai, Japan) is an orally administered
TKI that targets VEGF receptors 1-3, fibroblast growth factor recep-
tors 1-4, c-KIT receptor, platelet-derived growth factor receptor
and rearranged during transfection. Lenvatinib exerts anti-
tumour effects by inhibiting angiogenesis [8, 9]. This multi-
targeted TKI is approved as first-line treatment of unresectable
hepatocellular carcinoma (HCC) and has been widely used in clini-
cal settings. However, some reports suggest that the prevalence of
HT is higher with lenvatinib than that with other TKIs [10-14].

In this study, we investigated the effect of lenvatinib on
changes in BP and sodium excretion as well as other clinical
parameters associated with lenvatinib-mediated increases in BP.

MATERIALS AND METHODS
Study design and population

This was a single-centre, retrospective observational study.
Among a total of 40 patients who were admitted to our institute
and treated with lenvatinib for unresectable HCC between April
and December 2018, 15 patients with insufficient clinical data
and/or information were excluded from the present study; thus,
25 patients were included in the study. The salt intake of the
study cohort ranged between 7 and 8g/day, and all patients
were treated with oral lenvatinib administered once daily every
morning for 3 weeks. The starting lenvatinib dose ranged from 4
to 12mg/day according to the patient’s body weight. Patients
were hospitalized for 2 weeks and then they were followed in an
outpatient clinic. The clinical data were collected at baseline
and 1 and 3 weeks after the initiation of lenvatinib treatment.

This study was conducted in accordance with the
Declaration of Helsinki principles and the study protocol was
approved by the appropriate institutional review committee
(no. 180341).

Assessment of BP

To evaluate the influence of lenvatinib on BP, we performed 24-h
ambulatory blood pressure monitoring (ABPM) before and 1 week
after the initiation of lenvatinib treatment using a TM-2431 BP
monitoring device (A & D Company, Tokyo, Japan). BP was auto-
matically measured every 30min during daytime and every
60min during night-time. Daytime and night-time were deter-
mined on the basis of a diary of wake-up and sleep times
recorded by the patients. In accordance with the guidelines of
the Japanese Society of Cardiology, the measurements that did
not satisfy all of the following conditions were excluded as

measurement errors: (i) 70 mmHg < systolic blood pressure (SBP)
< 250mmHg; (ii) 30mmHg < diastolic blood pressure (DBP) <
130 mmHg; (iii) 20 mmHg < pulse pressure < 160 mmHg; and (iv)
pulse pressure >0.41 x DBP (60-150mmHg) — 17 mmHg [15]. All
patients were instructed to measure BP at home while in a sitting
position at least twice every morning and every night after dis-
charge. The data from BP measurements at home were collected
at 3weeks. The average BP for 1 week after discharge was defined
as BP at 3weeks. To evaluate the circadian BP rhythm, the results
were classified into the following four types: (i) dipper: nocturnal
BP, 10-20% lower than daytime BP; (ii) non-dipper: nocturnal BP,
<10% lower than daytime BP; (iii) riser: nocturnal BP higher than
daytime BP; and (iv) extreme dipper: nocturnal BP, >20% lower
than daytime BP [16]. At 3weeks, the severity of HT was evalu-
ated according to the National Cancer Institute Common
Terminology Criteria for Adverse Events version 5.0 [17].

Clinical data evaluation

We evaluated changes in kidney function, urinary sodium
excretion and proteinuria at baseline and at 1 and 3 weeks after
the initiation of lenvatinib treatment. Kidney function was eval-
uated by serum creatinine level (mg/dL) and estimated glomeru-
lar filtration rate (eGFR) (mL/min/1.73 m?. Daily urinary sodium
excretion and eGFR were calculated by Kawasaki’s formula and
the eGFR formula for Japanese adults, respectively [18-20].
Furthermore, data on prescription for diuretics and leg oedema
were collected at baseline and at 1 and 3weeks in all patients.
Fluid retention was defined as the deterioration of leg oedema.

Statistical analysis

All statistical analyses were performed using IBM SPSS statistics
software version 25.0 (SPSS, Chicago, IL, USA). Continuous varia-
bles were expressed as means * standard deviation (SD) and
medians with interquartile ranges, and differences among time

Table 1. Patients characteristics at baseline

n=25
Age, years 709
Male gender, % 17 (68.0)
BMI, kg/m? 22.8 =35
Smoking, % 15 (60.0)
HT, % 14 (56.0)
DM, % 8(32.0)
HBV infection, % 10 (40.0)
HCV infection, % 7 (28.0)
Child-Pugh A, % 21 (84.0)
Child-Pugh B, % 4 (16.0)
SBP at baseline, mmHg 125.0 + 11.8
DBP at baseline, mmHg 67.1+89
Cr, mg/dL 0.80 = 0.21
eGFR, mL/min/1.73 m? 713 + 186
BUN, mg/dL 165
TP, g/dL 6.9+ 0.6
Alb, g/dL 3.4 +05
HbAlc, % 6.1+08
T-chol, mg/dL 180 + 39

Proteinuria, g/gCr 0.05 (0.02-0.11)

Values are presented as the mean * SD or median and interquartile range. BMI,
body mass index; DM, diabetes mellitus; HBV, hepatitis B virus; HCV, hepatitis C
virus; Cr, creatinine; BUN, blood urea nitrogen; TP, total protein; Alb, albumin;
HbA1c, haemoglobin Alc; T-chol, total cholesterol.
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points or groups were analysed by paired t-test or Wilcoxon’s
signed-rank test. Categorical variables were expressed as fre-
quencies and percentages and analysed by the Chi-squared test
or McNemar’s test. A two-tailed P < 0.05 was considered statisti-
cally significant.

RESULTS

Patient characteristics

The clinical characteristics and laboratory data of study partici-
pants at baseline are presented in Table 1. The mean age was
70 = 9years, and 17 (68.0%) patients were male. Before the initia-
tion of treatment with lenvatinib, 8 (32.0%) and 14 (56.0%)
patients had diabetes mellitus and HT, respectively. At baseline,
the mean serum creatinine level and eGFR were 0.80 + 0.21 mg/
dL and 71.3 +18.6mL/min/1.73m? respectively. None of the
cohort patients had a kidney disease diagnosis, and the median
proteinuria was 0.05 (0.02-0.11) g/gCre at baseline. The cohort
comprised 21 (84.0%) and 4 (16.0%) patients with Child-Pugh
Classes A and B cirrhosis, respectively. The aetiologies of HCC
included hepatitis B virus and hepatitis C virus infections in 10
(40.0%) and 7 (28.0%) patients, respectively. The remaining
patients did not have clear aetiologies. Finally, 14 patients and
1 patient were using antihypertensives and loop diuretics,
respectively, at baseline.

Changes in BP and circadian BP rhythm

The results of ABPM at baseline and 1week after the lenvatinib
treatment initiation are shown in Figure 1. Both the SBP and DBP
values were significantly higher at 1 week compared with those at
the baseline throughout the 24h of monitoring (SBP: 129.7 = 13.0
and 144.2 +15.7mmHg; DBP: 75.2+7.0 and 83.2+8.0mmHg at
baseline and 1week), and the increase in night-time BP was signif-
icantly greater than that in daytime BP (ASBP: 20.4 + 10.3 versus
129+ 10.5mmHg at night-time and daytime, respectively,
P <0.05). The analysis of the circadian BP rhythm revealed that
the number of patients with the riser pattern increased from 1
(4.0%) to 8 (32.0%) and that the number of those with the dipper
pattern decreased from 10 (40.0%) to 5 (20.0%) (Figure 2). After the
second ABPM assessment, 12 (48.0%) patients required intensive
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treatment for HT based on the results. Specifically, calcium chan-
nel blockers were prescribed for all patients with HT, and
renin—angiotensin—aldosterone system inhibitors were added to
the treatment in two (8.0%) patients. As mentioned above, only
one (4.0%) patient used loop diuretics until 3 weeks after the initia-
tion of lenvatinib treatment, and seven (28.0%) patients started on
loop diuretics after 3weeks following the lenvatinib treatment
initiation.

Changes in kidney function, urinary protein, urinary
sodium excretion and fluid retention

To analyse the mechanism of underlying lenvatinib-induced
HT, we evaluated kidney function, urinary protein excretion
and urinary sodium excretion. We also assessed the deteriora-
tion of leg oedema at 1 and 3 weeks after the initiation of lenva-
tinib treatment. We found that there were no significant
changes in kidney function, proteinuria and urinary sodium
excretion between the baseline and 1week (Table 2). There was
no patient with fluid retention at 1week. However, significant
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g 40 [] Extreme dipper
- I o * P<0.0
a0l 05
20+ ’
10F

At baseline At 1 week

FIGURE 2: Changes in circadian BP patterns between the baseline and 1 week af-
ter the initiation of lenvatinib treatment in patients with and without fluid re-
tention. Black: riser; dark grey: non-dipper; white: dipper; and grey: extreme
dipper.
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FIGURE 1: (A) Variation in SBP and DBP measured with ABPM at baseline and at 1 week after the initiation of treatment with lenvatinib. Mean hourly values of SBP and
DBP of all 25 patients were plotted. (B) The 24-h, daytime and night-time BP measurements at baseline and at 1 week after the initiation of treatment with lenvatinib.
Blue: baseline, and red: 1 week after the initiation of lenvatinib treatment. BP levels are significantly higher at all time points after treatment initiation compared with
those at baseline. The change in mean SBP is significantly greater at night-time than that at daytime (20.4 + 10.3 versus 12.9 + 10.5 mmHg, respectively, P < 0.05).
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Table 2. Changes in kidney parameters and fluid retention

n=25 Baseline 1 week 3 weeks
Cr, mg/dL 0.80 = 0.21 0.82 +0.24 0.89 = 0.29*°
eGFR, mL/min/ 71.3 + 18.6 71.0 + 19.1 66.1 + 22.0P
1.73m?
Urinary Na 187.2 = 62.6 1534 £51.7 112.5 + 65.0%°
excretion,
mEq/day
Proteinuria, 0.05 (0.00-0.11)  0.10 (0.03-0.20) 0.14 (0.05-
g/gCr 0.59)*®
Patients with - 0(0) 10 (40.0)°
the deteriora-
tion of leg
oedema, %

Values are presented as the mean + SD or median and interquartile range.
®Baseline versus 3 weeks, P < 0.05

b1 week versus 3weeks, P < 0.05.

Cr, creatinine; Na, sodium.

declines in kidney function and urinary sodium excretion and a
significant increase in proteinuria were observed at 3 weeks.
Ten patients had the deteriorated leg oedema at 3weeks and
were considered as those with fluid retention.

Severity of HT in patients with and without fluid
retention

Three weeks after starting the treatment with lenvatinib, 10 of
the 25 patients (40.0%) showed fluid retention. Next, we com-
pared the severity of HT at 3 weeks between the patients with
and without fluid retention. The mean BP measured at home at
3weeks was significantly higher in those with fluid retention
than in those without fluid retention (143.6 = 20.2 mmHg versus
131.3 + 6.4mmHg, P<0.05). Furthermore, mean plasma brain
natriuresis peptide (BNP) level at 3weeks in patients with fluid
retention was significantly higher compared with those without
fluid retention (137.1+ 124.1pg/mL versus 32.4 *23.8pg/mL,
P <0.05), although there was no significant difference at base-
line. Even after excluding patients with Child-Pugh Class B cir-
rhosis, the result was similar (144.6 + 129.2 versus 30.5 *+ 16.9,
P <0.05). Among the patients with fluid retention (n =10), seven
patients needed to start loop diuretics and additional calcium
channel blockers were prescribed for three patients.
Furthermore, one patient had to discontinue the lenvatinib
treatment at 3 weeks because of severe HT. Conversely, none of
the patients without fluid retention (n=15) required loop diu-
retics or additional antihypertensive treatment at 3 weeks. In ad-
dition, the urinary sodium excretion was significantly lower at
3weeks compared with that at the baseline in both groups
(P <0.05). In the group of patients with fluid retention, urinary so-
dium excretion was significantly lower at 3weeks despite com-
parable urinary sodium excretion between the measurements at
baseline and 1 week (Figure 3).

Regarding the severity of HT, 20.0% of those without fluid
retention and 70.0% of the patients with fluid retention had
Grade III HT (Figure 4), reflecting that the patients with fluid
retention had more severe HT compared with those without
fluid retention. Overall, these results suggested that fluid reten-
tion contributed to the elevation of BP at 3 weeks after the initia-
tion of lenvatinib treatment, which was not observed at 1 week.
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FIGURE 3: Changes in urinary sodium excretion at baseline and at 1 and 3 weeks
after the initiation of lenvatinib treatment in patients with and without fluid
retention.
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FIGURE 4: Severity of HT in patients with and without fluid retention. White: grade I,
mild HT; light purple: grade II, moderate HT; and dark purple: grade III, severe HT.

DISCUSSION

The present study demonstrated that (i) lenvatinib induced BP
elevation and abnormal circadian BP rhythm soon after the
initiation of treatment, (ii) changes in kidney function, urinary
sodium excretion and oedema status were not observed in the
early period after the treatment initiation, (iii) kidney function
and urinary sodium excretion declined and the number of
patients with leg oedema increased in the later period during
the lenvatinib treatment and (iv) urinary sodium excretion
was significantly lower in patients with fluid retention com-
pared with those without fluid retention at 3 weeks.

Although the detailed mechanisms of BP elevation induced
by lenvatinib remain unclear, the potential mechanisms in-
clude the elevation of systemic vascular resistance (SVR) and
volume retention. Cardiac output (CO) is regulated by stroke
volume and heart rate, and stroke volume depends on blood
volume. An increase in CO leads to the elevation of BP, which
is the product of SVR and CO. We previously demonstrated
that treatment by TKIs increased BP in patients undergoing
haemodialysis [21].
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In the present study, interestingly, none of the patients
exhibited fluid retention or an increase in heart rate in the early
period after the initiation of lenvatinib. Therefore, we speculate
that the elevation in BP during the early period might be mainly
due to an increase in SVR. In general, SVR is modulated by vaso-
dilators and vasoconstrictors. Among the vasodilators, nitric
oxide (NO), which plays a key role in BP changes, has been
shown to be greatly influenced by TKIs [21-24]. In general, it is
known that NO in the kidneys has a function to decrease renal
vascular resistance and increases blood flow to glomeruli, lead-
ing to reduction in renin secretion and renal perfusion pressure.
This means that reduced NO function may inhibit natriuresis
and increase circulating volume [25].

The synthesis of NO has been reported to be inhibited by
TKIs via the inhibition of VEGF signalling [26]. One clinical study
examining patients treated with lenvatinib for 6 days reported
the elevation of BP with a reduction in serum NO concentrations
[27]. Therefore, the elevation of BP by lenvatinib might be par-
tially caused by a reduction in NO production. Prostacyclin syn-
thesis, which is also decreased by the inhibition of VEGF
signalling [28, 29], might also contribute to the lenvatinib-
mediated elevation in BP. Conversely, increase in vasoconstric-
tors is also considered as a crucial mechanism underlying the
lenvatinib-induced BP elevation. Clinical and experimental data
in humans and rats show that treatment by the TKI sunitinib
increased the levels of endothelin-1 [30], which might thus be
involved in lenvatinib-induced BP elevation. Thus, we speculate
that the BP elevation in the early period after the initiation of
lenvatinib treatment might be primarily due to an imbalance
between the activity of vasodilators and vasoconstrictors.

In the present study, 10 of the 25 patients exhibited exacer-
bated leg oedema, and 7 patients were prescribed loop diuretics
in the later period following the initiation of lenvatinib treat-
ment. Additionally, reductions in kidney function and urinary
sodium excretion were also observed in this period. Moreover,
HT was more frequent among patients with fluid retention
compared with those without fluid retention. Considering these
findings, unlike that observed in the early period, the BP eleva-
tion in the later period might be primarily influenced by fluid re-
tention due to a decrease in urinary sodium excretion.
Decreased blood flow to the glomeruli is one mechanism that
can contribute to a decrease in urinary sodium excretion. TKIs
are reported to contract afferent arterioles via the inhibition of
NO production and the increase in vasoconstrictive factors
[31, 32]. Although this might lead to not only a reduction in
intraglomerular blood flow but also impaired kidney function, a
decrease in urinary sodium excretion was observed even in
patients without an obvious deterioration of kidney function in
the present study. Besides this potential mechanism, TKIs could
reduce urinary sodium excretion by hindering tubuloglomerular
feedback through the inhibition of NO release from the macula
densa and the weakening of the effects of NO on the function of
various transporters in tubular cells [33-35]. Furthermore,
despite the intake of a low-sodium diet during hospitalization,
most of the patients in the present study had an excessive
intake of sodium after discharge from the hospital. These mech-
anisms of fluid retention and BP elevation might be at play in
patients treated with lenvatinib in the present study.

Previous studies reported that various kidney lesions
observed in patients treated with TKIs [4, 36-38], including glo-
merulonephritis, tubulointerstitial nephritis and thrombotic
microangiopathy (TMA). The underlying pathophysiological
mechanisms can be classified into direct cellular injury by TKIs
and ischaemic injury due to microcirculatory disturbances.

Characteristics of lenvatinib-induced BP elevation | 329

Proteinuria, a common adverse event observed with TKIs, is
considered to reflect the presence of direct glomerular injury
comprising endothelial and podocyte injury via the inhibition of
VEGF signalling [39, 40]. Clinical trials using lenvatinib have
reported that the prevalence of patients with proteinuria ranged
from 20% to 30% [11, 13]. In the present study, 10 patients
(40.0%) exhibited slight proteinuria. Although not so much as
the presence of proteinuria, TKIs can also lead to a reduction in
kidney function [41]. In the present study, we found that the
kidney function was decreased after the lenvatinib treatment
initiation based on the observed changes in eGFR from baseline
to 3weeks. Although the underlying mechanisms have not been
elucidated, TMA due to the inhibition of VEGF signalling and
decreased NO synthesis is considered to be involved [42, 43].
Microcirculatory disturbances in glomeruli and kidney intersti-
tium also appear to contribute to the deterioration of kidney
function.

The present study has several limitations that should be ac-
knowledged. First, the sample size was relatively small.
Secondly, the levels of several factors related to changes in BP,
such as endothelin-1, NO, prostacyclin, renin activity, aldoste-
rone and epinephrine, were not determined. Future studies
should include these parameters to determine the detailed
mechanism underlying lenvatinib-mediated changes in BP.

In the present study, SBP and DBP were significantly ele-
vated after the initiation of treatment with lenvatinib for unre-
sectable HCC. Our results suggest that the elevation in BP might
exhibit a biphasic pattern. Therefore, we speculate that the ele-
vation in BP in the early period might be due to a change in SVR,
whereas that in the later period might be due to sodium reten-
tion. Further studies are warranted to elucidate the detailed
mechanisms underlying the changes in BP due to lenvatinib.
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