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Background: Sorafenib (SOR) is a molecular medicine that prolongs the survival of patients
with hepatocellular carcinoma (HCC). Therefore, the management of side effects is essential
for the longer period of continuous medication. Among the various side effects, hand—foot
syndrome (HFS) is the most common, occurring in 30%—50% of patients, and often results in
discontinuation of the SOR medication. However, its mechanism has not been clarified, and no
effective prevention method has been reported for the symptoms. Therefore, this study aimed
to analyze its mechanism and to develop an effective prevention regimen for the symptoms.
Materials and methods: To assess the mechanism of SOR-induced HFS, the peripheral
blood flow in the hand and foot was carefully monitored by Doppler ultrasound, thermography,
and laser speckle flowgraphy in the cases treated with SOR and its contribution was assessed.
Then, the effect of dried-bonito broth (DBB), which was reported to improve peripheral blood
flow, on the prevention of the symptom was examined by monitoring its occurrence and the
peripheral blood flow.

Results: A total of 25 patients were enrolled in this study. In all, eight patients developed HFS,
and all cases showed a significant decrease in the peripheral blood flow. DBB contributed to an
increase in the flow (p = 0.009) and significantly decreased occurrence of HFS (p = 0.005) than
control. Multivariable analysis showed that the ingestion of DBB is a significant independent
contributor to HFS-free survival period (p = 0.035).

Conclusion: The mechanism of SOR-induced HFS involves a decrease in the peripheral
blood flow, and the ingestion of DBB effectively prevents the development of the syndrome by
maintaining the flow.
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Introduction

Sorafenib (SOR) is a molecular medicine for advanced hepatocellular carcinoma (HCC)
cases unresponsive to locoregional treatments, such as catheter-based chemotherapy and
embolization, as well as cases with extrahepatic metastatic lesions. SOR is expected to
prolong survival in patients with HCC;!- therefore, the management of side effects to
prolong the use of medication is essential for controlling the disease and maintaining
the quality of life (QoL) of the patients. Various side effects have been reported for SOR
administration, including hand—foot syndrome (HFS), which is reported in 30%—50%
of patients.* HFS is a side effect often seen in the patients treated with chemotherapy
agents, such as fluoropyrimidines, and kinase inhibitors.>”® HFS generally occurs after
2-4 weeks of treatment, causing redness, pigmentation, keratinocytosis, phlyctenule,
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and nail deformity, especially on the skin of the hands and
feet, which causes sensory disturbances, numbness, and
pain.” These symptoms significantly affect the QoL of the
patients, and in some cases, they need to discontinue treat-
ment, which may lead to disease progression. Since SOR
is a tyrosine kinase inhibitor affecting vascular endothelial
growth factor, vascular endothelial growth factor receptor,
and platelet-derived growth factor receptor, it is suggested
that the endothelium of the capillary vessels in the peripheral
areas, including hand and foot areas are easily pressurized by
daily use.*® However, no studies to clarify the mechanism of
SOR-induced HFS have been reported; therefore, we have
focused on the decrease in the blood flow in hand and foot
areas whether it can be related to the development of HFS.
Also in terms of treatment for HFS, cessation of medication,
skin care, and administration of vitamins have been used;’
however, no specific and effective method to prevent HFS
has been reported to date.

Bonito broth is a traditional Japanese food used to
flavor the Japanese dish, “Washoku”, which was added to
the Intangible Cultural Heritage list by the United Nations
Educational, Scientific and Cultural Organization and has
been considered as a healthy food. Interestingly, in terms
of its mechanism, it has been reported that the ingestion of
bonito broth increases peripheral blood flow in humans,’
resulting in an antioxidative effect and an improvement
in mood.”"? In addition, an increase in the cerebral blood
flow in mice'® and rats'' has been evidenced in the groups
ingesting bonito broth, resulting in a decrease in stroke in
hypertensive rats.!!

Therefore, in this study, we examined the mechanism of
HF'S by monitoring the blood flow in the peripheral lesions and
aimed to develop an effective preventive regimen to improve
the prognosis of patients with HCC using bonito broth.

Materials and methods
Dried-bonito broth (DBB)

Bonito (Katsuwonus pelamis) is known as katsuo in Japan,
and DBB is easy to obtain and is used to add flavor to food.
For this study, the patients in the DBB group ingested 150 mL
of commercially available, highly concentrated rich extract
of DBB packs (Honzukuri Ichiban Dashi Kiwami Katsuo)
orally, once a day in the evening, every day for the entire
period of the study. The control group took normal food,
which sometimes (one to two times a week) contained the
extract; however, the concentration was ~10-fold lower than
the one contained in the pack. The amount of amino acids
contained in 150 mL of DBB is equal to that included in 250 g

of bonito meat. They continued to take either the DBB pack
or extracted concentrated bonito broth made from the dried
bonito after being discharged from our hospital.

Study protocol and patients

The study protocol was approved by the ethics committee
and institutional review board of Niigata University School
of Medicine (clinical trial authorized by the Niigata Univer-
sity, number 1482, on August 30, 2012) and was registered
with the University Hospital Medical Information Network
Clinical Trials Registry (UMIN000025937) on January
31, 2017. Written informed consent was obtained from all
patients, and the study was conducted in accordance with
the ethical guidance of the 1975 Declaration of Helsinki.
Patients with HCC scheduled for SOR administration were
considered eligible for the study if they fulfilled the follow-
ing criteria: an Eastern Cooperative Oncology performance
status of 0-2 and preserved organ function using indicators
within the liver (Child—Pugh grade A or B). Patients with
the following features were considered ineligible: derma-
tological issues and had allergies to fish, bonito, or DBB.
After informed consent was obtained, patients were divided
into two groups: a study group consisting of patients start-
ing ingestion of DBB 1 week prior to SOR initiation (DBB
group) and a control group consisting of patients ingesting
no DBB. Peripheral blood flow was examined in all patients
upon the initiation of the study and 1, 2, and 3 weeks after
the initiation (Figure 1). The occurrence of HES was carefully
monitored by either physicians or patients themselves every
day during the period of SOR administration. The antitumor
response was evaluated by comparing computed tomography
(CT)/magnetic resonance imaging (MRI) images obtained
before treatment and within 2 months of treatment.

Blood flow analysis

The peripheral blood flow was measured by examining time-
averaged mean blood flow velocity (TAMEAN, cm/s) in the
palm (superficial palmar arch [SPA]), thumb (digital artery),
and sole of the foot (medial plantar artery [MPA]) using a
Doppler ultrasound'*!* with an angle of <60° (LOGIQ E9 and
9L-D Linear Probe; frequency: 2.4—10 MHz, GE Healthcare
Bio-Sciences Corp., Piscataway, NJ, USA), thermography
(TVS-700ME; Nippon Avionics Co., Ltd., Shinagawa-ku,
Tokyo, Japan) of two different points on the bilateral hand
and foot,'? and laser speckle flowgraphy measurements of
relative blood velocity (mean blur rate [MBR]) of three
different points on the central retinal artery (LSFG-NAVI,
Softcare Co., Ltd., Fukutsu, Fukuoka, Japan). The values
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Notes: The control group was treated with SOR without DBB ingestion. The DBB group was treated with SOR with DBB ingestion.

Abbreviations: SOR, sorafenib; DBB, dried-bonito broth; HFS, hand—foot syndrome.

were assessed by comparing the levels of the same modal-
ity at each time point. First, three patients from each group
were analyzed with all modalities, and based on the results
obtained from the three different methods of measuring blood
flow, all follow-up evaluations of blood flow were performed
by Doppler ultrasound (Figure 2).

Statistical analysis

Categorical variables were analyzed by the Mann—Whitney—
Wilcoxon test. The HFS-free survival curve was generated
by the Kaplan—-Meier method, and the occurrence rate of
HFS was compared based on various factors, including age,
gender, liver cirrhosis (LC), stage of disease, dose of SOR,
tumor controllability, change in peripheral blood flow, and
administration of DBB, using a log-rank test. The patients
who died without previous HFS detection were censored.
The Cox proportional hazards model was used for multivari-
able analysis of factors that reached statistical significance
(p <0.05) in the univariate analyses. Data were analyzed using
the Statistical Package for the Social Sciences (SPSS) ver-
sion 21.0 (IBM Corporation, Armonk, NY, USA). Two-tailed
probability values of p <0.05 were considered as significant.

Results

Patient characteristics

Between 2011 and 2015, a total of 25 patients were screened
for eligibility, enrolled in this study, and assigned to either the
control group or the DBB group. The baseline characteristics
of the patients showed no statistical differences between the
two arms for age, gender, etiology of liver disease, presence
of LC, Child-Pugh score, stage of HCC, level of alpha-feto-
protein (AFP), dosage of SOR, complication of hypertension
(HT), and complication of diabetes mellitus (DM; Table 1).

Effect of peripheral blood flow on HFS

To examine the effect of peripheral blood flow on the occur-
rence of HES, blood flow was assessed by Doppler ultrasound,
thermography, and laser speckle flowgraphy (Figure 2).
TAMEAN (cm/s) was measured in the bilateral SPA, digital
artery, and MPA by Doppler ultrasound (Figure 2A). Tem-
perature was measured by thermography in the bilateral
hand and foot at each of the two points (Figure 2B). The
MBRs in the retinal artery were measured for each of three
points in different branches (Figure 2C). The values at each
time point were compared with the initial value, and the
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A Doppler ultrasound

SPA

DA

MPA

Figure 2 Blood flow analyses.

B Thermography

Before 1 week after SOR

C Laser speckle flowgraphy

Notes: (A) Doppler ultrasound for SPA, DA, and MPA. (B) Thermography before and after administration of SOR. (C) Laser speckle flowgraphy to measure the MBR.
Abbreviations: SPA, superficial palmar arch; DA, digital artery; MPA, medial plantar artery; SOR, sorafenib; MBR, mean blur rate.

Table | Patient characteristics

Characteristics Control DBB

-(n=12) +(n=13) Total

(N =25)

Age (years)
Median 68.0 68.0 68
Range 53-85 57-77 53-85
Gender
Female 5 2
Male 7 I 18
Etiology
HBYV infection 2 2 4
HCYV infection 8 8 16
Nonalcoholic steatohepatitis | I 2
Alcoholic 0 2 2
Autoimmune hepatitis 0 0 0
Primary biliary cirrhosis 0 0 0
Budd—Chiari Syndrome | 0 |
Cirrhosis
Yes/no 10/2 5/8 15/10
Child-Pugh grade
A/B/C 9/1/0 5/0/0 14/1//0
Stage
1NI/N/IVA/IVB 0/0/2/6/4 0/0/6/5/2 0/0/8/11/6
AFP (ng/mL)
Median 268.5 60 90
Range 4.4-284000 8-28408 4.4-284000
SOR (mg/body)
400/600 517 3/10 8/17
Complication 4 6 10
(HT on medication)
Complication | 3 4

(DM on medication)

Abbreviations: DBB, dried-bonito broth; HBV, hepatitis B virus; HCV, hepatitis
C virus; AFP, alpha-fetoprotein; SOR, sorafenib; HT, hypertension; DM, diabetes
mellitus.

occurrence of HFS was carefully monitored for the duration
of the study (Figure 3). Representative changes are shown
in Figure 3A-C, showing a decrease in the blood flow fol-
lowing SOR administration, evidenced by all the modalities
examined. Further quantitative analyses were performed by
Doppler ultrasound for the entire duration of the follow-up.
Of'the 12 patients treated with SOR without DBB ingestion,
10 patients showed a decrease in the peripheral blood flow
and seven of them developed HFS (Table 2).

Effects of DBB on peripheral blood flow
To develop an effective process of maintaining peripheral
blood flow, DBB was tested for its effect on the peripheral
blood flow. First, three patients were examined using all
three modalities to measure the blood flow before starting
DBB, 1 week after initiation, and 1 and 2 weeks after the
administration of SOR (2 and 3 weeks after the initiation of
DBB; Figure 1). Thermography and MBR clearly demon-
strated improved hand and foot peripheral temperature and
blood flow in patients who exhibited increased blood flow
(Figure 3D-F). In all the other patients in the study, including
controls, blood flow was monitored by Doppler ultrasound
measuring TAMEAN for all time points.

The changes in the blood flow were compared to baseline
levels for each patient 2 weeks after the administration of
SOR and noted as decrease, no change, or increase with blood
flow changes of <10%, within +10%, and >10%, respectively.
Ten patients in the control group, who received SOR without
DBB, showed an average decrease in blood flow of —16.2 +
9.03%, and only two patients in this group showed no change
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Figure 3 (A and B) Representative time-dependent changes in TAMEAN (cm/s) of bilateral hand and foot. (C and D) Temperature of hand (palm) and foot (plantar)
measured by thermography. (E and F) MBR. (A, C, and E) Data of patients in the control group. (B, D, and F) Data of patients in the DBB group.
Abbreviations: TAMEAN, time-averaged mean blood flow velocity; MBR, mean blur rate; DBB, dried-bonito broth; SOR, sorafenib; HFS, hand—foot syndrome; Rt., Right;

Lt., Left; SPA, superficial palmar arch; DA, digital artery; MPA, medial plantar artery; RB,

retinal blood flow.

Table 2 Summary of patients treated with SOR with or without DBB ingestion
Summary Control DBB

-(n=12) +(n=13) MWW test (p-value) Total (N = 25)
Period of observation (days) 0.07
Median 46.5 160.0 75
Range 12-822 21-1040 12-1040
HFS (n) 7 | 0.005 8
Blood flow (n) 0.009
No change (within +10%) 2 2 3
Increase (>10%) 0 10 10
Decrease (<10%) 10 | 12
Antitumor response (n) 0.38
CR/PR/SD 5 8 13
PD 7 5 12
DCR (%) 41.7 61.5 52.0
Progression of HT (n) 5 2 0.17 7

Abbreviations: SOR, sorafenib; DBB, dried-bonito broth; MWW, Mann-Whitney—Wilcoxon; HFS, hand—foot syndrome; CR, complete response; PR, partial response; SD,

stable disease; PD, progressive disease; DCR, disease control rate; HT, hypertension.

in the flow (3.9% and 10.0%). However, 10 patients in the
DBB group showed an average increase in the blood flow of
26.8 £ 18.8%, and only three patients showed a decreased
pattern with —3.1%, —3.4%, and —5.7%. The differences in
blood flow (TAMEAN) between the control group and the

DBB group were statistically significant (p = 0.009). Over
the course of observation, no side effects or progression of
HT due to DBB were noted (p = 0.17), and no significant
differences in antitumor response (p = 0.38) were seen in the
two groups (Table 2).
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The occurrence of HFS was monitored for a median duration
of 46.5 days (12-822 days) and 160.0 days (21-1040 days)
in the control and DBB groups, respectively (Table 2). The
differences in the duration of the follow-up period were due to
disease progression and termination of SOR administration,
mainly in the control group, due to the side effects.

During this period, eight patients developed HFS, seven in
the control group and one in the DBB group (p = 0.005), and
all showed a decrease in the peripheral blood flow (Table 2).
In the control group, four patients had grade 1 HFS, one
patient had grade 2 HFS, and two patients had grade 3 HFS;
the patient in the DBB group had grade 1 HFS.

HFS-free survival
The factors in patients contributing to the occurrence of HFS
were statistically analyzed. First, univariate analyses were
performed by the log-rank-test on age (<68 vs. >68 years),
gender, cirrhosis, HCC stage, SOR dose, antitumor response
(complete response, partial response, stable disease vs.
progressive disease), change in the blood flow (no change,
increase vs. decrease), ingestion of DBB, complications of
HT, and complications of DM with the occurrence of HFS
as an end point (Table 3).

Gender had a significant effect on HFS-free survival
period; a median HFS-free survival of 99 days (14—1040 days)

was shown in males vs. 21 days (10-669 days) in females
(p = 0.03; Figure 4A). Patients with LC showed a signifi-
cantly shorter HFS-free survival of 28 days (10-1040 days)
compared to 221.5 days (14-669 days) in chronic hepatitis
patients (p = 0.03; Figure 4B). The HFS-free survival in
the DBB group was 160 days (14-1040 days) vs. 26 days
(10-233 days) in the control group, suggesting that DBB
significantly contributes to prolong HFS-free period
(p = 0.004; Figure 4C). The change in the blood flow was
also related to the occurrence of HFS. Patients with decreased
blood flow showed median HFS-free survival of 22.5 days
(14—65 days), while patients with maintained or increased
blood flow showed an HFS-free survival of 210 days (10—
1040 days; p = 0.002; Figure 4D). Multivariable analysis by
the Cox proportional hazards model of these four factors
showing significance by univariate analysis, and the hazard
ratio, 95% confidence interval, and results of statistical analy-
ses are summarized in Table 3. The ingestion of DBB was
a significant independent contributor to HFS-free survival
(» =0.035; Table 3).

Discussion

HFS occurs as a side effect of various chemotherapies.’
While HFS development due to fluoropyrimidine use is
known to be caused by the excretion of drug metabo-
lites through the eccrine sweat glands, the mechanism

Table 3 Univariate and multivariate analyses contributing to HFS-free survival

Variable Univariate analysis Multivariable analysis
Hazard ratio 95% CI p-value* Hazard ratio 95% CI p-value®
Age (years)
<68 vs. >68 2.343 0.548-10.01 0.25
Gender
Female vs. male 0.133 0.022-0.816 0.03 0.278 0.047-1.631 0.156
Cirrhosis
Yes vs. no 0.185 0.042-0.812 0.03 0.805 0.076-8.546 0.857
Stage
Il vs. IVA/IVB 0.348 0.076-1.597 0.17
SOR (mg/body)
400 vs. 600 0.472 0.103-2.147 0.33
Antitumor response (n)
CR/PR/SD vs. PD 0.890 0.210-3.760 0.87
Blood flow (n)
No change/increase vs. decrease 15.48 2.701-88.73 0.002 0.137 0.001-4.047 0.137
DBB
Yes vs. no 8.664 1.963-38.25 0.004 0.097 0.011-0.846 0.035
HT
Yes vs. no 2.066 0.482-8.863 0.33
DM
Yes vs. no 3.628 0.528-24.93 0.19

Notes: *Log-rank test. *Likelihood-ratio test.

Abbreviations: HFS, hand—foot syndrome; CI, confidence interval; SOR, sorafenib; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease;

DBB, dried-bonito broth; HT, hypertension; DM, diabetes mellitus.
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Figure 4 The HFS-free survival curve generated by the Kaplan—Meier method.
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Abbreviations: HFS, hand—foot syndrome; LC, liver cirrhosis; DBB, dried-bonito broth; CH, chronic hepatitis.

of SOR-induced HFS has not yet been reported.” Since
SOR contributes to prolong the survival in patients with
advanced HCC,' it is important to assess the mechanism
of HFS development and to discover an effective process
to prevent its occurrence. However, it may also damage
the peripheral vessels in the hands and feet, leading to an
increase in the vascular resistance and a decrease in the
blood flow.® This, in turn, increases the blood pressure,
leading to sensory disturbance, redness, and sometimes
erosions and ulcers that affect the QoL of the patients.*?
Interestingly, while the SHARP trial showed an HFS occur-
rence ratio of 21.2% in Caucasians,' an Asia—Pacific trial
and a Phase I clinical trial in Japan showed HFS develop-
ment in 45%? and 44.4%? of the patients, respectively.
This difference based on race has been understood to be
due to a polymorphism of vascular endothelial growth fac-
tor.® Based on this information, we hypothesized that the
increase in vascular resistance and decreased blood flow
might be a potential cause of HFS in patients taking SOR,

and we measured the peripheral blood flow in all patients
in our study by Doppler ultrasound, thermography, and
laser speckle flowgraphy.

Our results clearly demonstrated 1) a decrease in periph-
eral blood flow after SOR administration (Figure 3); 2) a
statistically significant relationship between HFS occur-
rence and the decrease in peripheral blood flow (Table 3);
3) that all tested modalities were effective for detection
of peripheral blood flow and showed consistent results
(Figure 2); and 4) that the maintenance of blood flow is the
key to prevent occurrence of HFS (Table 2 and Figure 3).
To maintain the peripheral blood flow, we have focused on
the effect of DBB ingestion on blood flow recovery®'> and
performed this clinical trial for the development of effec-
tive preventive method for SOR-induced HFS. In terms
of effects of DBB on the health, DBB ingestion has been
reported to increase significantly the peripheral blood flow
in the hands compared to a placebo group.'? In addition,
Honda et al'! reported that when DBB is administered to
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a rat model of HT, which experiences cerebral stroke with
a high frequency, blood pressure elevation was suppressed
and cerebral blood flow increased, leading to a significantly
lower incidence of cerebrovascular events. Consistent with
these results, our patients showed increased blood flow after
DBB administration (Figure 3) and a significant preventive
effect on the development of HFS with an incidence of
7.6% in patients in the DBB group, which was significantly
lower than that of the control group (58.3%) and the aver-
age occurrence of 40-50% reported in Asian countries by
others??® (Table 2). The multivariable analyses showed a
significant contribution of DBB ingestion on the preven-
tion of HFS (Table 3). The blood flow showed significance
in univariate analysis (p = 0.002) but not in multivariable
analysis, probably due to the small sample size. In addition,
while five in 12 patients showed progression of HT in the
control group (41.7%), only two in 13 patients (15.3%)
showed progression in the DBB group, although this dif-
ference was not statistically significant. This result also
supports the evidence that DBB has an effect on vasodilata-
tion and blood flow recovery. Therefore, we concluded that
DBB is effective for maintaining the peripheral blood flow
and preventing HFS induced by SOR treatment. It is also
noteworthy that no differences in tumor response were seen
between the DBB group and the control group. Therefore,
we speculate that the efficacy of DBB on SOR-induced
HFS may include the vasodilatation of the normal periph-
eral vessels but not for the tumor arteries. In addition, the
various amino acids contained in the DBB'*!° cause this
phenomenon. Interestingly, DBB has also been reported to
improve fatigue,'> mood,'® and cognitive function'” and has
antioxidative properties,'® and it might have contributed to
maintain the patients’ general condition and prolong SOR
treatment period. The limitation of our study is that it was
designed as an exploratory and pragmatic clinical trial and
has several methodological deficiencies with major group
imbalances.

Implications for practice

SOR is a molecular medicine for HCC and has been reported
to prolong survival. Therefore, the management of the side
effects is essential. Among various side effects, HFS is the
most commonly reported, occurring in 30%—50% of patients;
however, no effective method of its prevention has been
reported to date. We report for the first time, in this study,
that the mechanism of SOR-induced HFS in the patients with
HCC involves a decrease in the peripheral blood flow and
the ingestion of DBB maintains the blood flow significantly,
preventing the symptom.

Conclusion

We have shown that the mechanism of SOR-induced HFS
includes a decrease in the peripheral blood flow and the
recovery and maintenance of blood flow by DBB contrib-
utes to prevent the development of HFS. As DBB is edible
and easy to ingest, either by itself or mixing into the food as
traditional Japanese food, this study showed the importance
of a balanced healthy diet, which leads to a healthy body.
Further studies are necessary to clarify the mechanisms of
these effects, to determine the active ingredient in DBB, and
to examine the amount of either DBB or its ingredients needed
to be ingested. Furthermore, additional trial with a larger size
and prospectively justified sample is definitely required before
any recommendations for the general practice can be given.
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