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Objective: Liver cancer is a significant contributor to global burden of cancer.
Transcatheter arterial chemoembolization (TACE) is the standard of care for
patients with unresectable liver cancer, and CalliSpheres, as novel drug-
eluting bead (DEB) microspheres, have been found to be associated with a
high tumor response rate. However, the outcomes after DEB-TACE
treatment are not always satisfactory with tumor recurrence. Herein, we
attempt to compare the clinical efficacy and safety of DEB-TACE with
sorafenib and conventional TACE in treating advanced liver cancer.

Methods: The study retrospectively reviewed clinical records of 96 patients with
liver cancer, among which there were 48 cases receiving DEB-TACE with
sorafenib and 48 cases receiving conventional TACE. The physical properties
of Callispheres were evaluated in HepG2 cells and a B6/J mouse model.
Results: DEB-TACE with Callispheres were demonstrated to effectively maintain
stability and prolong the half-life of epirubicin. Compared with the patients
receiving conventional TACE, those receiving DEB-TACE with sorafenib
exhibited better patient outcomes with increased survival rate, reduced tumor
volume, and declined levels of tumor markers. Additionally, DEB-TACE with
Callispheres could effectively protect liver function, as well as reduce the
toxic effects of loaded epirubicin, and its combination with sorafenib would
not increase the incidence of adverse reactions.

Conclusion: DEB-TACE using CalliSpheres combined with sorafenib could
prevent the progression of liver cancer and bring a better prognosis.
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Introduction

According to the WHO/IARC for cancer statistics (year 2020, worldwide, both
sexes, all ages) liver cancer had a higher crude rate of incidence (11.6%) and mortality
(10.7%) (1). It was accepted as one of the digestive tumors in China with the
estimated number of new cases and deaths of 410, 038 and 391, 152 (2). Because the
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onset of liver cancer is hidden, and early symptoms are not
obvious, patients have often reached the middle and late stage
when diagnosed. At this time, liver cancer progresses rapidly,
and related complications have often occurred, so patients
have already missed the best opportunity for surgical
treatment (3). Otherwise, because of the relative shortage of
liver donors in China, the vast majority of patients cannot get
curative treatment through surgery. At present, for patients
with advanced liver cancer, the conventional treatment is
mainly radiotherapy and chemotherapy, but due to the more
adverse reactions and poor treatment pertinence, the clinical
treatment is often not good (4).

The invasive growth of tumor cells is closely related to the
supply of blood nutrients, as a result, if the blood supply of
liver tumors can be selectively blocked, it will greatly improve
the pertinence and clinical efficacy of treatment, and create
surgical opportunities for advanced patients (5). Liver blood
supply mostly comes from portal vein, and the rest from
hepatic artery, on the contrary, the liver cancer blood supply
almost all comes from hepatic artery (6). As the different
blood supply modes of normal liver tissue and liver cancer,
and with the continuous progress of medical technology,
transcatheter arterial chemoembolization (TACE) can be
implemented in the treatment of hepatocellular carcinoma
and has been accepted by more and more clinicians (7). The
embolic agent used in conventional TACE (c-TACE) is
mainly a mixture of iodized oil and chemotherapeutic drugs.
The mixture blocks the target blood vessels through the
siphon principle, thus blocking the blood supply of liver
cancer, and releases chemotherapeutic drugs around tumor
cells at the same time (8). However, excessive iodized oil will
cause irreversible damage to the liver, and some scholars have
found that iodized oil will be decomposed by tumor cells, and
finally degraded by monocyte macrophage system, resulting in
the recanalization of tumor blood supply (9). In addition, due
to the instability of the mixture, chemotherapeutic drugs are
easy to leave the target and enter the peripheral blood
circulation, resulting in the decrease of drug concentration at
the tumor target and the increase of drug concentration in
peripheral blood (10, 11), which aggravates the adverse
reactions of drugs. Therefore, the c-TACE scheme needs to be
improved to better block the blood supply and stably release
chemotherapeutic drugs.

With the continuous progress of medical technology, the
improved scheme for

of drug loaded microspheres

chemoembolization has been proposed. Among them,
Callispheres DEB is the latest approved in China (12).
Callispheres DEB is mainly synthesized from polyvinyl alcohol
and has good biocompatibility with the body. It can choose
different diameters according to the different target segments
of the blocked hepatic artery, so as to better block the target
vessels (13). In addition, DEB has

Callispheres good
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compliance, and its size can be compressed by 50% at most in
interventional therapy (14), so that it is not easy to block the
microcatheter. When Callispheres DEB reaches the target
blood vessel, it can quickly restore the original size and
achieve the effect of accurately cutting off the blood supply of
the tumor. Moreover, Callispheres DEB cannot be degraded
in vivo, so that it can permanently cut off the blood supply of
the tumor and reduce the number of operations (15).
Compared with the traditional unstable mixture, Callispheres
DEB have better stability by loading chemotherapy drugs
through After
Callispheres DEB can slowly release chemotherapy drugs by

ion bonds. reaching the action target,
exchanging with sodium particles in the blood (16). As a
result, it can avoid too many chemotherapy drugs from
entering the peripheral blood, on the other hand, it can
ensure effective and continuous drug concentration around
tumor cells and reduce the dosage of drugs (17), so as to
improve the curative effect and reduce the toxic and side
effects of chemotherapy drugs.

As a multi kinase inhibitor, sorafenib was the first targeted
therapy approved for advanced renal «cell carcinoma,
transforming treatment, which was reported to effectively
reduce angiogenesis, thus reducing blood supply of liver
cancer cells with a well characterized tolerability and safety
profile (18, 19). However, there are few studies on the
treatment of hepatocellular carcinoma with Callispheres DEB
TACE combined with sorafenib. This study discusses the
therapeutic effect of combined therapy in advanced liver
cancer, in order to find a better clinical scheme for patients
with advanced liver cancer. A Supplementary Table SI

showed the full names of abbreviations.

Materials and methods
Callispheres DEB construction

DEB
Biotechnology Co., Ltd, Suzhou, China), epirubicin (catalog
No. H19990280, Zhejiang Haizheng Pharmaceutical Co., Ltd.,
10 mg), sterilized water for injection (catalog No. H41024923,

Callispheres (Suzhou  Hengrui jialisheng

Sinopharm Rongsheng Pharmaceutical Co., Ltd., 2 ml), and
iodofol  (catalog No. H20143027,
Pharmaceutical Co., Ltd, 100 ml)

manufacture drug loaded microspheres used in DEB-TACE.

Jiangsu  Hengrui

were prepared to
Dissolve the epirubicin with sterile injection water, and the
concentration was controlled at 20 mg/ml, then 20-ml syringe
was used to extract the dissolved epirubicin for standby. The
Callisphere DEB was extracted with 20-ml syringe, and the
supernatant was removed after being put for 2 min. Three-
way tube was used to connect the syringe with DEB and
epirubicin, and epirubicin was injected into the syringe of
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drug loaded microspheres. The syringe was then shaked once
every 5 min for 6 times, so as to make epirubicin completely
loaded on DEB. Finally, the contrast agent iodofol was added
according to 1.2 times the volume, and then it was shaken
well and let stand for 5 min. At this time, the DEB used by
DEB-TACE group was well prepare.

Physicochemical property test of half-
time and stability

Callispheres DEB loaded epirubicin, the mixture of iodized
oil and epirubicin were administered intraperitoneally in
C57BL/6] mouse models with a similar body weight of about
25 g separately (n=2, Shanghai Laboratory Animal Center,
Chinese Academy of Sciences, Shanghai, China). The mice
were survived during the experiment, and this study was
approved by the Ethics Committee of our hospital. Blood
samples were taken from the tail vein of the above-injected
mice per hour, and epirubicin concentration was detected for
the half-time test. The stability of Callispheres DEB was tested
by evaluating the diameter alterations in PBS, PBS+10%
serum and PBS+ HepG2 cells, which mimic the blood and
tumor environment in vivo (20). The sizes of Callispheres
DEB were evaluated under scanning electron microscopy
(Phenom LE, Phenom Scientific, Netherlands).

Research subject

Patients with liver cancer (n=96) treated in our hospital
were enrolled between March 2017 and March 2019.
Inclusion criteria: (1) primary liver cancer diagnosed for the
first time; (2) liver cancer was diagnosed according to the
criteria in Asian Pacific Association for the Study of the Liver
consensus recommendations on hepatocellular carcinoma (21);
(3) age range: 18-70 years old with an estimated survival time
(4)

Liver

of more than 3 months; received TACE surgery;
(5) (BCLC) staging
classification: Phase B or C (22); (6) Eastern Cooperative
Oncology Group performance status (ECOG PS): 0-2 (23).
Exclusion criteria: (1) previous history of liver surgery; (2)
Child-Pugh C (24);  (3)
dysfunction; (4) hepatic portal vein occlusion or no collateral

Barcelona  Clinic Cancer

cirrhosis severe  coagulation
circulation; (5) combined with active hepatitis; (6) patients
received the any treatments, such as c-TACE, ablation,
radiotherapy and chemotherapy. Patients were randomly
divided into DEB-TACE group (n=48) and c-TACE group
(n=48), and treated with DEB-TACE or c-TACE separately.

The general data of the two groups were shown in Table 1.
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TABLE 1 Baseline data of research subjects.

Baseline information c-TACE DEB-TACE P
(n=48) (n=48)
Age (year) 50.12+10.23 48.88 +£10.19 0.553
Gender
Male 21 (43.75%) 28 (58.33%) 0.196
Female 27 (56.25%) 20 (41.67%)
BMI (kg/mz) 2441 +£2.36 24.68 £2.45 0.584
HCC 41 (85.42%) 44 (91.67%) 0.336
Hepatitis 37 (77.08%) 30 (62.5%) 0.120
Cirrhosis 35 (72.92%) 30 (62.5%) 0275
Vascular invasion 34 (70.83%) 26 (54.17%) 0.092
Average diameter (cm) 512+1.23 478 £1.12 0.160
BCLC stages
Phase B 28 (58.33%) 32 (66.67%) 0.399
Phase C 20 (41.67%) 16 (33.33%)
Child-Pugh Grading
Grade A 39 (81.25%) 36 (75.00%) 0.459
Grade B 9 (18.75%) 12 (25.00%)
ECOG score
0 23 (47.92%) 25 (52.08%) 0.539
1 16 (33.33%) 17 (35.42%)
2 9 (18.75%) 6 (12.5%)

TACE interventional therapy process

After disinfection and local anesthesia, the femoral artery
was punctured according to Seldinger method (25). Then, the
celiac trunk and superior mesenteric artery of the patient were
imaged to determine the location of liver tumor and
understand its blood supply in detail. Then, the microcatheter
was superselective intubated to the blood supply site of liver
cancer. In ¢-TACE group, the mixture of iodized oil (10 ml)
and epirubicin (20 mg) was used for chemoembolization (26).
In DEB-TACE group, the Callispheres DEB loaded epirubicin
(80 mg) (27) was extracted with a 1 ml syringe, and the pulse
injection method was used for chemoembolization. The effect
of vascular embolization was evaluated by angiography after
surgery. When the cancer was completely embolized, the
operation was completed. After operation, the puncture point
was routinely disinfected, pressurized and bandaged, and
symptomatic treatment such as anti-inflammatory, liver
protection and pain relief were applied. At the same time,
patients in DEB-TACE group were treated with oral
medication of 400 mg sorafenib (catalog No. H20160201,
Bayer pharmaceutical company, Germany) twice a day (27).
Withdrawal criteria: progression or deterioration of the
disease, serious adverse reactions, decompensation of liver
function (grade C).
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Solid tumor efficacy evaluation

The patients were examined by CT/MRI after operation and
the survival area of liver tumor was used as the target lesion for
efficacy judgment. According to the modified solid tumor
efficacy evaluation standard (5), curative effect was divided
into complete remission (CR, complete disappearance of
target lesion), partial remission (PR, the reduction of target
lesion >30%), stable disease (SD, no significant change in
target lesion diameter) and progressive disease (PD, the
increasing of target lesion >20%), and the objective response
rate (ORR) was calculated. ORR = (CR + PR)/total number.

Detection of tumor markers and
indicators of liver function

Fasting venous blood (5 ml) obtained from the patients
were centrifuged at 3,000 rpm. The supernatant was then
—80°C in a
aminotransferase (ALT), aspartate aminotransferase (AST)

stored at medical refrigerator. Alanine
and total bilirubin (TBIL) in serum were detected by
automatic biochemical analyzer (BS-280, Mindray, Shenzhen
Mairui Biomedical Electronics Co., Ltd, Shenzhen, China).
Besides, serum levels of alpha-fetoprotein (AFP), carbohydrate
antigen-199 (CA-199) and vitamin K absence of antagonist-II
(PIVKA-II) were detected by automatic chemiluminescence

immunoanalyzer (DXL-800, Beckman).

Safety evaluation

The of
gastrointestinal reactions (nausea and vomiting), fatigue,

adverse reaction was evaluated in terms
impaired liver function, liver pain, fever and so on, the above

adverse reactions were counted.

Follow up

The patients returned to the hospital every 1 month to review
liver function, tumor markers and CT/MRI, so as to evaluate the
therapeutic effect. Overall survival (OS) and progression free
survival (PFS) was defined as duration from the TACE
treatment to the death and disease progression, respectively.
The follow-up period was 24 months and ended in March 2021.

Statistical analysis
SPSS 22.0 was adopted for statistical analysis. The

quantitative data were described by n (%), and y* test was
used for inter-group comparison. Besides, the measurement
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data of normal distribution was described by mean + SD and
t-test was employed for inter-group comparison; While the
measurement data of non-normal distribution was described
by M (P,s, Pys), and Mann-Whitney U test was employed for
inter-group comparison. Meanwhile, the survival analysis was
performed by Kaplan-Meier log-rank survival tests. P <0.05
stands for striking difference.

Results

Physicochemical properties of
callispheres DEB

As shown in Figure 1A, epirubicin in DEB-TACE group
had a longer half-life than that in ¢-TACE group (10 vs.
2 days). In terms of stability, Callisphere DEB could
effectively maintain its stability in serum and liver cancer cells
(Figures 1B,C), and the electron microscope structure.
Furthered showed its stability (Figure 1D). As a result,
Callisphere DEB could effectively cut off the blood supply of
liver cancer cells, thus better inhibit the invasion growth of
tumor. In addition, it could reduce the dosage of drugs
without affecting the effect.

Clinical remission after TACE surgery

One month after treatment, the ORR of DEB-TACE was
higher than that of ¢c-TACE [P =0.030, 95%CI (0.158, 0.924)],
suggesting that DEB-TACE could greatly reduce the volume
of liver tumors in the short term (Figure 2A). At 3rd month
after treatment, the ORR of c¢c-TACE decreased, while it
further increased in DEB-TACE group [P=0.005 95%CI
(0.117, 0.702)]. Moreover, CR was higher in DEB-TACE than
that in ¢-TACE [25% vs. 8.33%, P=0.028, 95%CI (0.801,
0.919)] (Figure 2B). The above results showed that DEB-
TACE could better inhibit the invasion and growth of tumor,
reduce tumor volume and avoid the further progress of liver

cancer.

Changes of serum tumor markers after
TACE surgery

One month after treatment, both treatment regimens could
reduce the levels of AFP, CA-199, and PIVKA-II, especially in
DEB-TACE group (all P<0.05). At 3rd month
treatment, the level of tumor markers in c-TACE group

after
increased without difference when compared with the data at

1 month (all P>0.05), while that in DEB-TACE group
continued to decrease (all P<0.05, Table 2). The above
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FIGURE 1

Physicochemical property test of callispheres DEB. (A) Half-life period test of Epirubicin in c-TACE and DEB-TACE. (B) Stability test of Callispheres
DEB in serum. (C) Stability test of Callispheres DEB in liver cancer cells. (D) Electron microscope structure of Callispheres DEB in PBS, serum and liver
cancer cells.
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FIGURE 2
The clinical remission after TACE surgery. The ORR (CR + PR) of patients with liver cancer at 1st (A) and 3rd (B) month after treatment.
results showed that DEB-TACE had better clinical efficacy and considering that it was related to the reduction of blood
more lasting antitumor effect. supply and the liver damage of chemotherapeutic drugs. After

1 month, the liver function of the two groups was relieved,
and the above indexes decreased significantly, especially in

Changes of liver function after TACE DEB-TACE group (all P<0.05). After 3 months, the above
surgery indexes increased again in both groups, especially in c-TACE
group, which were greatly higher than those before treatment

One week after treatment, the transaminase and TBIL of (all P<0.05, Table 3). The above results suggested that liver
both groups greatly increased, and the above indexes function was damaged greater in c-TACE group than that in

increased more significantly in ¢-TACE group (all P<0.05), DEB-TACE group.
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TABLE 2 Detection of alpha-fetoprotein (AFP), carbohydrate antigen-199 (CA-199) and vitamin K absence of antagonist-Il (PIVKA-II) in serum.

¢c-TACE (n=48)

DEB-TACE (n = 48) P

AFP (ng/ml)
Preoperative 624.10 (25.67-3438.4)
517.13 (18.45-1123.56)*

529.35 (19.23-1214.25)*

After 1 month

After 3 months
CA-199 (U/L)

Preoperative 80.10 (9.36-453.42)
After 1 month 53.13 (8.45-215.78)*
After 3 months

PIVKA-II (mAU/ml)

61.35 (9.13-287.98)*

566.34 (47.66-3664.35)
47325 (52.39-3178.27)*
467.43 (49.65-2945.63)*

Preoperative
After 1 month

After 3 months

588.34 (19.29-3358.12) 0.217
381.20 (12.13-965.24)* <0.001
33426 (10.36-856.87)*,** <0.001
83.34 (10.29-512.38) 0.110
4131 (6.13-165.34)* <0.001
31.26 (6.23-89.34)%** <0.001
583.75 (40.67-3721.25) 0.543
383.25 (124.56-2654.62)* 0.002
176.87 (31.66-829.64)*,* <0.001

*Compared with preoperative, P < 0.05.
**Compared with 1 month, P<0.05.

TABLE 3 Comparison of alanine aminotransferase (ALT), aspartate
aminotransferase (AST) and total bilirubin (TBIL) in serum between c-
TACE group and DEB-TACE group.

¢-TACE (n=48) DEB-TACE (n=48) P

ALT (U/L)

Preoperative 80.64 +13.03 82.23+12.27 0.540
After 1 week 139.23 +23.23* 106.12 +19.13* <0.001
After 1 month 83.02 £ 11.16%* 76.59 +10.34*** 0.004
After 3 months 107.58 £ 15.49%,4** 83.04 £ 12.71%%* <0.001
AST (U/L)

Preoperative 67.28 +10.06 68.14 +10.41 0.682
After 1 week 101.24 £ 21.56* 88.12+17.13 0.001
After 1 month 5223 £9.55%,* 45.58 + 8.13*,** <0.001
After 3 months 81.19 + 15.03%*** 652+ 1142447 <0.001
TBIL (mol/L)

Preoperative 50.23+7.53 50.06 +7.14 0.910
After 1 week 68.34 £ 11.12* 60.13 +£10.23* <0.001
After 1 month 51.46 £ 8.39** 47.15 £ 8.02** 0.012
After 3 months 85.37 + 16.52%,** 7111 + 13.34%0°0¢ <0.001

*Compared with preoperative, P<0.05.
**Compared with 1 week, P<0.05.
***Compared with 1 month, P<0.05.

Incidence of postoperative adverse
events after TACE surgery

The incidence of adverse reactions such as gastrointestinal
reaction fatigue, liver dysfunction, liver pain and fever were
greatly lower in DEB-TACE group when compared to the
c-TACE group (Figure 3), suggesting that DEB-TACE could
the
chemotherapeutic drugs and liver tissue ischemia after

significantly ~reduce adverse reactions caused by

embolization.
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Survival analysis between DEB-TACE and
c-TACE group

After 2 years of follow-up, patients treated with DEB-TACE
had higher overall survival rate (P =0.007), and were not easier
to relapse and progress (P =0.008) after treatment than those
treated with ¢-TACE (Figure 4). The above results suggested
that DEB-TACE could better block the blood supply of liver
cancer, inhibit the growth of tumor cells, and effectively avoid
tumor recurrence and metastasis.

Discussion

Primary liver cancer is a common malignant tumor, its
incidence ranks fourth, and its mortality ranks second among
all malignant tumors in China (28). For these patients who
are difficult to be treated surgically, radiotherapy and
chemotherapy have become common treatment schemes,
which, however, could cause systemic injury (29). The
emergence of c-TACE treatment scheme provides a new
choice for the treatment of these patients, which can
superselect the target artery through microcatheter for
arterial embolization to make tumor cells ischemic necrosis,
and chemotherapeutic drugs can be loaded around the tumor
through iodized oil to improve its efficacy (30). However,
iodized oil can not completely block blood vessels because of
its poor deposition effect, and is easy to be decomposed and
absorbed in the later stage. In addition, the stability of the
mixture of iodized oil and chemotherapeutic drugs is poor,
which makes chemotherapeutic drugs easy to enter the blood
circulation, leading to the increase of toxic effects of drugs
(30, 31). Therefore, the development of Callispheres DEB
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FIGURE 4

Analysis of prognosis of patients in the c-TACE group and DEB-TACE group. (A,B) Overall survival (A) and progression free survival (B).
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provides a better choice for the therapy of advanced liver
cancer.

In our study, the use of Callispheres DEB can help to
improve the clinical efficacy, prolong the half-life of
chemotherapy drugs. The surface of Callispheres DEB is
negatively charged (32). After mixing with chemotherapeutic
drugs, the charged
chemotherapeutic drugs can

positively amino  groups in

replace sodium ions, and
eventually combined stably with hydrogen bond and ion bond
forces (33, 34), so as to effectively avoid the loss of
chemotherapeutic drugs during transportation. At the same
time, after reaching the action target, the chemotherapeutic
drugs loaded in Callispheres DEB can be replaced with
sodium ions in the blood, so as to continuously release the
loaded the
concentration around the tumor cells to the greatest extent
(35, 36). In addition, Callispheres DEB has non degradability

in vivo, which helps them to firmly block the target blood

chemotherapy drugs and maintain drug
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vessel after being transported to the target with the blood flow,
so as to completely cut off the blood supply of tumor cells
(37). In the experiments of physical and chemical properties, it
was found that Callispheres DEB could continuously maintain
stability in liver cancer cells and significantly prolong the half-
life of epirubicin, while iodized oil would be gradually
decomposed by liver cancer cells, and epirubicin carried by
iodized oil was easier to be metabolized in vivo.

After DEB-TACE treatment, the ORR was higher than the
c-TACE with lower levels of AFP, CA-199 and PIVKA-IIL
DEB-TACE has a more thorough embolization effect on
blood vessels than ¢-TACE, and DEB can effectively maintain
stability the  blood continuously
chemotherapeutic drugs. Therefore, DEB-TACE can effectively
reduce the tumor volume. Three months after operation, the
ORR of c-TACE group decreased compared with that at
1 month after surgery. Similarly, Liu et al. also found that
after 3 months of treatment, the ORR of liver cancer patients

in and release
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treated with DEB-TACE combined with sorafenib were higher
(38). The reason may be that the embolization effect of
iodized oil is poor, resulting in blood vessel recanalization and
collateral circulation. In DEB-TACE group, DEB block blood
vessels completely, and the use of sorafenib can effectively
reduce the expression of antigenic factors in tumor cells, so as
to better inhibit the invasion and growth of the tumor and
reduce the level of tumor markers.

The study found that the levels of transaminase and TBIL in
both groups increased 1 week after operation, especially in c-
TACE group. One month after operation, the liver function
indexes in DEB-TACE group basically returned to normal, but
those in ¢c-TACE group were still high, and increased again at
3 months after operation. The safety of chemotherapeutic
drugs is closely concerned in clinical use, especially its liver
toxicity. It is
Callispheres DEB can highly selectively kill liver tumor cells

suggested that compared with c¢-TACE,

and effectively avoid the damage of normal liver cells.

Relevant studies found that the slow-release of DEB could
effectively reduce the extravasation of chemotherapeutic drugs
and reduce their concentration in the blood, so as to reduce
the occurrence of adverse reactions (39, 40). In our study, after
DEB-TACE, the
gastrointestinal reaction fatigue, liver dysfunction, liver pain

incidence of adverse reactions such as
and fever were greatly lower than the c¢-TACE group.
Therefore, DEB-TACE combined with sorafenib is safe in the
therapy of advanced liver cancer. Thanks to the fact that DEB-
TACE combined with sorafenib can better cut off the blood
inhibit
neovascularization in tumor, the survival rate is greatly higher

supply of tumor cells and the formation of
than those in c-TACE group. However, several limitations
existed in the current study: (1) other liver function indicators,
such as indirect bilirubin and albumin would be determined,
which are influence factors affecting the treatment of liver
cancer; (2) Further randomized controlled trial with larger
sample size is needed to validated our result; (3) The power of
sample size should be calculated to avoid conclusion bias.

In conclusion, Callispheres DEB can maintain good stability
in the blood, effectively prolong the half-life of the
chemotherapy drugs, and reduce their extravasation in the
blood. Combined with oral medicine of sorafenib, DEB-TACE
could further inhibit the formation of neovascularization in
tumor, suppress the level of tumor markers, and reduce the
DEB-TACE combined with

sorafenib can better inhibit tumor invasion and growth and

adverse reactions. Therefore,

improve the prognosis of patients with unresectable liver cancer.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary Material, further
inquiries can be directed to the corresponding author/s.

Frontiers in Surgery

08

10.3389/fsurg.2022.981116

Ethics statement

The studies involving human participants were reviewed
and approved by First Hospital of Lanzhou University. The
patients/participants provided their written informed consent
to participate in this study. The animal study was reviewed
and approved by First Hospital of Lanzhou University.

Author contributions

WHW conceived the study and contributed to the writing
of initial draft and final manuscript, and supported funding
acquisition. FQL assisted in study design and manuscript
revision, and was involved in software preparation. PYG
collected experimental data and preformed data analysis. BHL
SXL
participated in data visualization. All authors contributed to

contribued to data verification and visualization.

the article and approved the submitted version.

Funding

This study was supported by Natural Science Foundation of
Gansu Province (21JR1RA084).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
affiliated organizations, or those of the publisher, the editors
and the reviewers. Any product that may be evaluated in this
article, or claim that may be made by its manufacturer, is not
guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fsurg.
2022.981116/full#supplementary-material.

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fsurg.2022.981116/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fsurg.2022.981116/full#supplementary-material
https://doi.org/10.3389/fsurg.2022.981116
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Wang et al.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer ] Clin. (2021) 71(3):
209-49. doi: 10.3322/caac.21660

2. Ferlay ], Colombet M, Soerjomataram I, Parkin DM, Pineros M, Znaor A,
et al. Cancer statistics for the year 2020: an overview. Int J Cancer. (2021).
doi: 10.1002/ijc.33588. [Epub ahead of print]

3.Li A, Ma S, Pawlik T, Wu B, Yang X, Cui L, et al. Surgical treatment of double
primary liver cancer: an observational study for a rare type of tumor. Medicine
(Baltimore). (2016) 95(32):e4412. doi: 10.1097/MD.0000000000004412

4. Liu HY, Lee Y, McLean K, Leggett D, Hodgkinson P, Fawcett J, et al. Efficacy
and toxicity of stereotactic body radiotherapy for early to advanced stage
hepatocellular carcinoma - initial experience from an Australian liver cancer
service. Clin Oncol (R Coll Radiol). (2020) 32(10):e194-202. doi: 10.1016/j.clon.
2020.04.004

5. Sun T, Zhang W, Chen L, Ren Y, Liu Y, Zheng C. A comparative study of
efficacy and safety of transarterial chemoembolization with CalliSpheres and
conventional transarterial ~chemoembolization in treating unresectable
intrahepatic cholangiocarcinoma patients. J Cancer. (2022) 13(4):1282-8.
doi: 10.7150/jca.67523

6. Zhao G, Liu S, Chen S, Ren Z, Li C, Bian J, et al. Assessment of efficacy and
safety by CalliSpheres versus HepaSpheres for drug-eluting bead transarterial
chemoembolization in unresectable large hepatocellular carcinoma patients.
Drug Deliv. (2021) 28(1):1356-62. doi: 10.1080/10717544.2021.1943057

7. Kudo M, Ueshima K, Ikeda M, Torimura T, Tanabe N, Aikata H, et al.
Randomised, multicentre prospective trial of transarterial chemoembolisation
(TACE) plus sorafenib as compared with TACE alone in patients with
hepatocellular carcinoma: TACTICS trial. Gut. (2020) 69(8):1492-501. doi: 10.
1136/gutjnl-2019-318934

8. de Baere T, Arai Y, Lencioni R, Geschwind JF, Rilling W, Salem R, et al.
Treatment of liver tumors with Lipiodol TACE: technical recommendations
from experts opinion. Cardiovasc Intervent Radiol. (2016) 39(3):334-43. doi: 10.
1007/500270-015-1208-y

9. Zhang X, Wang K, Wang M, Yang G, Ye X, Wu M, et al. Transarterial
chemoembolization (TACE) combined with sorafenib versus TACE for
hepatocellular carcinoma with portal vein tumor thrombus: a systematic review
and meta-analysis. Oncotarget. (2017) 8(17):29416-27. doi: 10.18632/oncotarget.
15075

10. Li H, Wu F, Duan M, Zhang G. Drug-eluting bead transarterial
chemoembolization (TACE) vs. conventional TACE in treating hepatocellular
carcinoma patients with multiple conventional TACE treatments history: a
comparison of efficacy and safety. Medicine (Baltimore). (2019) 98(21):e15314.
doi: 10.1097/MD.0000000000015314

11. Hoffmann K, Glimm H, Radeleff B, Richter G, Heining C, Schenkel I, et al.
Prospective, randomized, double-blind, multi-center, Phase III clinical study on
transarterial chemoembolization (TACE) combined with Sorafenib versus TACE
plus placebo in patients with hepatocellular cancer before liver transplantation -
HeiLivCa [ISRCTN24081794]. BMC Cancer. (2008) 8:349. doi: 10.1186/1471-
2407-8-349

12. Han X, Chen Q, Sun Y, Han L, Sha X. Morphology, loadability, and releasing
profiles of CalliSpheres microspheres in delivering oxaliplatin: an in vitro study.
Technol Cancer Res Treat. (2019) 18:1533033819877989. doi: 10.1177/
1533033819877989

13. Chen Q, Sun Y, Dai H, Guo P, Hou S, Sha X. Assessment of irinotecan
loading and releasing profiles of a novel drug-eluting microsphere
(CalliSpheres) in vitro. Cancer Biother Radiopharm. (2020). doi: 10.1089/cbr.
2020.3805. [Epub ahead of print]

14. Peng Z, Cao G, Hou Q, Li L, Ying S, Sun J, et al. The comprehensive analysis
of efficacy and safety of CalliSpheres((R)) drug-eluting beads transarterial
chemoembolization in 367 liver cancer patients: a multiple-center, cohort study.
Oncol Res. (2020) 28(3):249-71. doi: 10.3727/096504019X15766663541105

15. Sun J, Zhou G, Xie X, Gu W, Huang J, Zhu D, et al. Efficacy and safety of
drug-eluting beads transarterial chemoembolization by CalliSpheres((R)) in 275
hepatocellular carcinoma patients: results from the Chinese CalliSpheres((R))
transarterial chemoembolization in liver cancer (CTILC) study. Oncol Res.
(2020) 28(1):75-94. doi: 10.3727/096504019X15662966719585

16. Xiang H, Long L, Yao Y, Fang Z, Zhang Z, Zhang Y. Callispheres drug-
eluting bead transcatheter arterial chemoembolization presents with better
efficacy and equal safety compared to conventional TACE in treating patients
with  hepatocellular  carcinoma. Technol Cancer Res Treat. (2019)
18:1533033819830751. doi: 10.1177/1533033819830751

Frontiers in Surgery

09

10.3389/fsurg.2022.981116

17. Ren B, Wang W, Shen J, Ni C, Zhu X. In vivo evaluation of callispheres
microspheres in the porcine renal artery embolization model. Am ] Transl Res.
(2019) 11(7):4166-79.

18. Keating GM. Sorafenib: a review in hepatocellular carcinoma. Target Oncol.
(2017) 12(2):243-53. doi: 10.1007/s11523-017-0484-7

19. Escudier B, Worden F, Kudo M. Sorafenib: key lessons from over 10 years of
experience. Expert Rev Anticancer Ther. (2019) 19(2):177-89. doi: 10.1080/
14737140.2019.1559058

20. Shen S, Li H, Yang W. The preliminary evaluation on cholesterol-modified
pullulan as a drug nanocarrier. Drug Deliv. (2014) 21(7):501-8. doi: 10.3109/
10717544.2014.895068

21. Omata M, Lesmana LA, Tateishi R, Chen PJ, Lin SM, Yoshida H, et al. Asian
Pacific association for the study of the liver consensus recommendations on
hepatocellular carcinoma. Hepatol Int. (2010) 4(2):439-74. doi: 10.1007/s12072-
010-9165-7

22. Lai Q, Vitale A. BCLC staging system and liver transplantation: from a stage
to a therapeutic hierarchy. Hepatobiliary Pancreat Dis Int. (2021) 20(1):4-5.
doi: 10.1016/j.hbpd.2020.12.014

23. Neeman E, Gresham G, Ovasapians N, Hendifar A, Tuli R, Figlin R, et al.
Comparing physician and nurse eastern cooperative oncology group
performance status (ECOG-PS) ratings as predictors of clinical outcomes in
patients with cancer. Oncologist. (2019) 24(12):e1460-6. doi: 10.1634/
theoncologist.2018-0882

24. Curro G, Iapichino G, Melita G, Lorenzini C, Cucinotta E. Laparoscopic
cholecystectomy in child-pugh class C cirrhotic patients. J Soc Laparoendosc
Surg. (2005) 9(3):311-5.

25. Abbassi-Ghadi N, Menezes N. Seldinger method for intraoperative
cholangiography: a practical approach. Ann R Coll Surg Engl. (2012) 94(4):
272-3. doi: 10.1308/003588412X13171221591259b

26. Duan X, Liu J, Han X, Ren J, Li H, Li F, et al. Comparison of treatment
response, survival profiles, as well as safety profiles between CalliSpheres((R))
microsphere transarterial chemoembolization and conventional transarterial
chemoembolization in huge hepatocellular carcinoma. Front Oncol. (2021)
11:793581. doi: 10.3389/fonc.2021.793581

27. Cosgrove DP, Reyes DK, Pawlik TM, Feng AL, Kamel IR, Geschwind JF.
Open-label single-arm phase II trial of sorafenib therapy with drug-eluting bead
transarterial chemoembolization in patients with unresectable hepatocellular
carcinoma: clinical results. Radiology. (2015) 277(2):594-603. doi: 10.1148/
radiol.2015142481

28. Komatsu S, Kido M, Tanaka M, Kuramitsu K, Tsugawa D, Awazu M, et al.
Clinical relevance of reductive hepatectomy for Barcelona clinic liver cancer stages
B and C advanced hepatocellular carcinoma: a single-center experience of 102
patients. World ] Surg. (2019) 43(10):2571-8. doi: 10.1007/s00268-019-05052-5

29. Masthoff M, Schindler P, Harders F, Heindel W, Wilms C, Schmidt HH,
et al. Repeated radioembolization in advanced liver cancer. Ann Transl Med.
(2020) 8(17):1055. doi: 10.21037/atm-20-2658

30. Kim W, Cho SK, Shin SW, Hyun D, Lee MW, Rhim H. Combination
therapy of transarterial chemoembolization (TACE) and radiofrequency ablation
(RFA) for small hepatocellular carcinoma: comparison with TACE or RFA
monotherapy. Abdom Radiol (NY). (2019) 44(6):2283-92. doi: 10.1007/s00261-
019-01952-1

31. Lu W, Jin XL, Yang C, Du P, Jiang FQ, Ma JP, et al. Comparison of efficacy
between TACE combined with apatinib and TACE alone in the treatment of
intermediate and advanced hepatocellular carcinoma: a single-center
randomized controlled trial. Cancer Biol Ther. (2017) 18(6):433-8. doi: 10.1080/
15384047.2017.1323589

32. Liang B, Xiang H, Ma C, Xiong B, Ma Y, Zhao C, et al. Comparison of
chemoembolization with CalliSpheres((R)) microspheres and conventional
chemoembolization in the treatment of hepatocellular carcinoma: a multicenter
retrospective study. Cancer Manag Res. (2020) 12:941-56. doi: 10.2147/CMAR.
S187203

33. Shi Q, Lu Y, Huang S, Zhou C, Yang C, Liu J, et al. Apatinib-loaded
CalliSpheres beads for embolization in a rabbit VX2 liver tumor:
characterization in vitro, pharmacokinetics and tumor response in vivo. Drug
Deliv. (2020) 27(1):1301-7. doi: 10.1080/10717544.2020.1818881

34. Duan XH, Li H, Ren JZ, Han XW, Chen PF, Li FY, et al. Hepatic arterial
chemoembolization with arsenic trioxide eluting CalliSpheres microspheres
versus lipiodol emulsion: pharmacokinetics and intratumoral concentration in a
rabbit liver tumor model. Cancer Manag Res. (2019) 11:9979-88. doi: 10.2147/
CMAR.S199188

frontiersin.org


https://doi.org/10.3322/caac.21660
https://doi.org/10.1002/ijc.33588
https://doi.org/10.1097/MD.0000000000004412
https://doi.org/10.1016/j.clon.2020.04.004
https://doi.org/10.1016/j.clon.2020.04.004
https://doi.org/10.7150/jca.67523
https://doi.org/10.1080/10717544.2021.1943057
https://doi.org/10.1136/gutjnl-2019-318934
https://doi.org/10.1136/gutjnl-2019-318934
https://doi.org/10.1007/s00270-015-1208-y
https://doi.org/10.1007/s00270-015-1208-y
https://doi.org/10.18632/oncotarget.15075
https://doi.org/10.18632/oncotarget.15075
https://doi.org/10.1097/MD.0000000000015314
https://doi.org/10.1186/1471-2407-8-349
https://doi.org/10.1186/1471-2407-8-349
https://doi.org/10.1177/1533033819877989
https://doi.org/10.1177/1533033819877989
https://doi.org/10.1089/cbr.2020.3805
https://doi.org/10.1089/cbr.2020.3805
https://doi.org/10.3727/096504019X15766663541105
https://doi.org/10.3727/096504019X15662966719585
https://doi.org/10.1177/1533033819830751
https://doi.org/10.1007/s11523-017-0484-7
https://doi.org/10.1080/14737140.2019.1559058
https://doi.org/10.1080/14737140.2019.1559058
https://doi.org/10.3109/10717544.2014.895068
https://doi.org/10.3109/10717544.2014.895068
https://doi.org/10.1007/s12072-010-9165-7
https://doi.org/10.1007/s12072-010-9165-7
https://doi.org/10.1016/j.hbpd.2020.12.014
https://doi.org/10.1634/theoncologist.2018-0882
https://doi.org/10.1634/theoncologist.2018-0882
https://doi.org/10.1308/003588412X13171221591259b
https://doi.org/10.3389/fonc.2021.793581
https://doi.org/10.1148/radiol.2015142481
https://doi.org/10.1148/radiol.2015142481
https://doi.org/10.1007/s00268-019-05052-5
https://doi.org/10.21037/atm-20-2658
https://doi.org/10.1007/s00261-019-01952-1
https://doi.org/10.1007/s00261-019-01952-1
https://doi.org/10.1080/15384047.2017.1323589
https://doi.org/10.1080/15384047.2017.1323589
https://doi.org/10.2147/CMAR.S187203
https://doi.org/10.2147/CMAR.S187203
https://doi.org/10.1080/10717544.2020.1818881
https://doi.org/10.2147/CMAR.S199188
https://doi.org/10.2147/CMAR.S199188
https://doi.org/10.3389/fsurg.2022.981116
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Wang et al.

35. Zhou TY, Zhou GH, Zhang YL, Nie CH, Zhu TY, Wang HL, et al. Drug-
eluting beads transarterial chemoembolization with CalliSpheres microspheres
for treatment of unresectable intrahepatic cholangiocarcinoma. J Cancer. (2020)
11(15):4534-41. doi: 10.7150/jca.39410

36. Duan X, Li H, Han X, Ren J, Li F, Ju S, et al. Antitumor properties of arsenic
trioxide-loaded CalliSpheres((R)) microspheres by transarterial chemoembolization
in VX2 liver tumor rabbits: suppression of tumor growth, angiogenesis, and
metastasis and elongation of survival. Am J Transl Res. (2020) 12(9):5511-24.

37. Ma Y, Zhao C, Zhao H, Li H, Chen C, Xiang H, et al. Comparison of
treatment efficacy and safety between drug-eluting bead transarterial
chemoembolization with CalliSpheres((R)) microspheres and conventional
transarterial chemoembolization as first-line treatment in hepatocellular
carcinoma patients. Am J Transl Res. (2019) 11(12):7456-70.

Frontiers in Surgery

10

10.3389/fsurg.2022.981116

38. Liu S, Yu G, Wang Q, Li L, Liu Y, Du K, et al. Callispheres((R))
microspheres drug-eluting bead transhepatic artery chemoembolization with or
without sorafenib for the treatment of large liver cancer: a multi-center
retrospective study. Am J Transl Res. (2021) 13(12):13931-40.

39. Xue M, Wu Y, Zhu B, Zou X, Fan W, Li J. Advanced hepatocellular
carcinoma treated by transcatheter arterial chemoembolization with drug-
eluting beads plus lenvatinib versus sorafenib, a propensity score matching
retrospective study. Am J Cancer Res. (2021) 11(12):6107-18.

40. Wang H, Wang J, Lv T, Cao S, Tong X, Song L, et al. Loadability and
releasing profiles in vitro and pharmacokinetics in vivo of vinorelbine and
raltitrexed by CalliSpheres beads. Cancer Biother Radiopharm. (2020). doi: 10.
1089/cbr.2019.3360. [Epub ahead of print]

frontiersin.org


https://doi.org/10.7150/jca.39410
https://doi.org/10.1089/cbr.2019.3360
https://doi.org/10.1089/cbr.2019.3360
https://doi.org/10.3389/fsurg.2022.981116
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Callispheres drug-eluting bead transhepatic artery chemoembolization with oral delivery of sorafenib for the treatment of unresectable liver cancer
	Introduction
	Materials and methods
	Callispheres DEB construction
	Physicochemical property test of half-time and stability
	Research subject
	TACE interventional therapy process
	Solid tumor efficacy evaluation
	Detection of tumor markers and indicators of liver function
	Safety evaluation
	Follow up
	Statistical analysis

	Results
	Physicochemical properties of callispheres DEB
	Clinical remission after TACE surgery
	Changes of serum tumor markers after TACE surgery
	Changes of liver function after TACE surgery
	Incidence of postoperative adverse events after TACE surgery
	Survival analysis between DEB-TACE and c-TACE group

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


