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Balaguer-Paniagua1, Jordi Villalba-Auñón1 & Jaume Sampere-Moragues1
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Background: Transarterial chemoembolization (TACE) is indicated for unresectable hepatocellular carci-
noma. Methods: This was a retrospective study of 50 hepatocellular carcinoma patients treated with TACE
using doxorubicin-loaded LifePearl™ to investigate the safety and efficacy of TACE. Results: There was no
30-day mortality, and limited adverse events were reported. At best tumor response, complete response
and disease control were 58% and 94%, respectively, with a median of 4.5 months of follow-up. Median
overall survival was 33.8 months. Patients with Barcelona Clinic Liver Cancer stage 0 and stage A at best
tumor response showed a higher complete response rate (83%) than patients with Barcelona Clinic Liver
Cancer stage B (complete response: 50%; p = 0.0414). Conclusion: Doxorubicin-loaded LifePearl™ TACE
might be an effective treatment, with a good safety profile, for patients with early/intermediate-stage
hepatocellular carcinoma. Further prospective data, especially with a small cohort of selected patients,
are required to confirm these results.

Tweetable abstract: Transarterial chemoembolization with LifePearl™ microspheres loaded with doxoru-
bicin in 50 unresectable hepatocellular carcinoma patients is demonstrated to be an effective treatment
with a median survival of 33.8 months and a good safety profile.
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Hepatocellular carcinoma (HCC) mortality rates are increasing in many countries, including northern and central
Europe and North and Latin America [1]. HCC is estimated to be the third leading cause of cancer death worldwide.
The Barcelona Clinic Liver Cancer (BCLC) staging system is used to classify HCC, taking into account the number
and size of lesions and the patient’s performance status [2]. Most patients are not resectable at diagnosis due to liver
impairment or extended disease and hence are indicated for liver-directed therapy. Several liver-directed therapies
are used for local disease control (DC), downstaging or palliative care in HCC patients, including radiofrequency
and microwave ablation, which are mainly used in early stages of HCC (BCLC stage 0/A) [3,4]. Liver-directed
therapies for BCLC stage B are lipiodol-based conventional transarterial chemoembolization (TACE), drug-eluting
microsphere TACE and transarterial radioembolization, where microspheres are impregnated with 90Y or 166Ho [5–

8].
According to the most updated version of the European Society for Medical Oncology HCC guidelines, TACE

is also recommended as a bridge to transplant in earlier HCC stages to help keep patients on the waiting list until
transplantation [7]. The guidelines also report the benefit of TACE in increasing overall survival (OS) in selected
patients with unresectable BCLC stage 0/A and stage B HCC with small tumor burden and good liver function.

TACE can be used in different HCC stages, as highlighted in a French survey [9]. Moreover, the combination
of ablation and TACE for early HCC stages has been evaluated in several studies, providing a new avenue for
managing these types of tumors [10–13].
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The literature shows that TACE performed with drug-eluting microspheres has similar efficacy and is safer
than conventional TACE, providing a more standardized way of performing TACE [7,10,14]. There are several
types of drug-eluting microspheres for TACE that have different characteristics [15]. Among these are LifePearl™
microspheres (Terumo Europe, Leuven, Belgium), which are made of polyethylene glycol (PEG), a hydrophilic
material that offers good compressibility and elasticity as well as an extended time in suspension [15,16].

LifePearl™ microspheres are approved for loading with doxorubicin, idarubicin and epirubicin and have good
tolerability and efficacy in HCC treatment [6,17–24]. Doxorubicin is the most frequently used drug for TACE in
HCC treatment [17,23,24] and is used in the current study, which is aimed at assessing the tolerability, treatment
efficacy and safety of LifePearl™ in HCC patients.

Methods
Patient population
This was a single-center retrospective cohort study on 50 consecutive patients who were treated with TACE using
LifePearl™ loaded with doxorubicin from April 2015 to January 2019. This was a retrospective data collection
using an anonymized study file free of personal identification data.

Inclusion criteria were >18 years of age, diagnosis of unresectable BCLC stage 0/A or stage B HCC, TACE
treatment with LifePearl™ loaded with doxorubicin and no indication for percutaneous or surgical treatment. Ex-
clusion criteria were hemodynamic instability, hypo- or hypertension, fever, pregnancy, tumor extension to both
lobes, total or partial intra- or extrahepatic portal thrombosis, hepatic impairment with a Child–Pugh score B >7 or
C, tumor arteriovenous fistula, renal impairment (creatinine >2 mg/dl), active heart disease or altered coagulation
tests (prothrombin time <50% and platelets <50 × 109/l).

TACE with LifePearl™
LifePearl™ PEG embolization microspheres with a diameter of 200 or 400 μm were loaded with doxorubicin
following the manufacturer’s instructions as follows. Doxorubicin powder was reconstituted with sterile water for
injection (25 mg/ml) and mixed thoroughly in the pharmacy. The doxorubicin dose was computed according to
the tumor size. Specifically, one syringe loaded with 75 mg was used in patients with single or multiple nodules of
a small size (<3 cm in diameter) and two syringes loaded with 75 mg each, for a total of 150 mg, were used in
patients with moderate-sized multifocal or large masses (≥3 cm in diameter).

With regard to the size of the microspheres chosen for TACE, the 200-μm microspheres were initially used for
every patient following the international consensus, and then the 400-μm microspheres were introduced for larger
tumors. Preprocedural treatment included analgesic medication and antiemetic prophylaxis. Anatomical eligibility
was assessed and identification of tumor feeder arteries was performed prior to TACE with angiography of the
hepatic and mesenteric arteries. Selected hepatic arteries were catheterized with a Progreat 2.7F microcatheter
(Terumo Europe), a Radifocus M 0.035 180-cm guidewire (Terumo Europe) and a Simmons 15F Radifocus
Glidecath (Terumo Europe), and doxorubicin-loaded LifePearl™ microspheres mixed with nonionic contrast agent
were slowly injected. Additional TACE procedures were performed when clinically required (i.e., presence of
radiological signs of recurrence or tumor persistence on follow-up computed tomography [CT] scan or MRI, such
as contrast enhancement compatible with HCC in previously treated or new tumors).

Outcome measures
Efficacy and safety were evaluated during the entire follow-up period (39 months). Tumor response was assessed by
CT scan or MRI, and response rate was assessed according to RECIST 1.1 criteria because it was easier to collect
from clinical data. OS was calculated from the date of first treatment to the last follow-up or death of the patient.

Liver toxicity was assessed by laboratory evaluation, which included aspartate aminotransferase (AST), gamma-
glutamyl transferase (GGT), alanine aminotransferase (ALT), alkaline phosphatase (ALK) and bilirubin levels. The
type and intensity of adverse events (AEs) were recorded according to the Common Terminology Criteria for
Adverse Events, version 4.03.

Statistical analysis
Descriptive statistics were applied. Median, mean ± standard deviation and range were used for continuous data,
and proportions were expressed using percentages. Statistical tests to assess significance included chi-square and
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Table 1. Baseline patient characteristics.
Characteristic Patients (n = 50)

Age (years), mean ± SD (n) 69.8 ± 9.2 (50)

Sex, % (n)

Male 82.0 (41)

Child–Pugh score, % (n)

A 86.0 (43)

B 14.0 (7)

ECOG, % (n)

0 74.0 (37)

1 24.0 (12)

2 2.0 (1)

BCLC tumor stage, % (n)

0 – very early stage 4.0 (2)

A – early stage 20.0 (10)

B – intermediate stage 76.0 (380)

Baseline number of tumors, % (n)

1 40.0 (20)

2 32.0 (16)

≥3 28.0 (14)

Tumor diameter (mm), mean ± SD (n) 48.6 ± 25.1 (49)

BCLC: Barcelona Clinic Liver Cancer; ECOG: Eastern Cooperative Oncology Group; SD: Standard deviation.

Table 2. TACE procedures.
Doxorubicin dose

Successful administration of total dose, % (n) 88% (44/50)

Dose (mg), mean ± SD (n) 79.2 ± 15.9 (47/50)

Cumulative dose across all procedures

Dose (mg), mean ± SD (n) 174.4 ± 80.2 (49/50)

Number of procedures per patient, % (n)

1 DEM-TACE procedure 28.0 (14/50)

2 DEM-TACE procedures 24.0 (12/50)

≥3 DEM-TACE procedures 48.0 (24/50)

Median number of TACE procedures (range) 2.0 (1.00–6.00)

Size of microspheres, % (n)

200 μm 18.0 (9/50)

400 μm 82.0% (41/50)

DEM-TACE: Drug-eluting microsphere transarterial chemoembolization; TACE: Transarterial chemoembolization.

Student’s t-test, and a significant difference between samples was intended when p < 0.05. Kaplan–Meier plots
were used for OS analysis.

Results
Patient characteristics
The sample included 50 patients who were affected by BCLC stage 0 (4%), stage A (20%) or stage B (76%) HCC
(Table 1). Mean age was 69.8 ± 9.2 years, and patients were mostly males (82.0%; 41 of 50). Average lesion
diameter was 48.6 ± 25.1 mm and number of lesions at diagnosis was one in 20 patients (40.0%), two in 16
patients (32.0%) and three or more in 14 patients (28.0%).

The median number of TACE procedures per patient was 2.0 (range: 1.00–6.00), and the mean doxorubicin
dose per TACE procedure was 79.2 ± 15.9 (Table 2). The size of the LifePearl™ used for each TACE procedure
was 200 μm for nine patients (18.0%) and 400 μm for 41 patients (82.0%).
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Table 3. Liver toxicity.
Baseline 3 months 15 months p-value†

AST (IU/l), mean ± SD (n) 65.3 ± 43.1 (46) 64.6 ± 46.1 (46) 63.8 ± 37.1 (46) �0.05

AST (IU/l), median (range) 55.5 (18.40–204.0) 53.5 (17.0–277.0) 53.5 (17.0–156.0)

ALT (U/l), mean ± SD (n) 63.2 ± 50.6 (49) 57.0 ± 42.9 (49) 57.5 ± 40.0 (49) �0.05

ALT (U/l), median (range) 42.0 (15.0–259.0) 44.0 (7.0–184.0) 47.0 (10.0–162.0)

GGT (U/l), mean ± SD (n) 105.2 ± 69.7 (44) 143.9 ± 197.6 (44) 166.2 ± 236.9 (44) �0.05

GGT (U/l), median (range) 83.0 (25.0–287.0) 82.0 (33.0–1277.0) 96.0 (21.0–1277.0)

ALK U/l), mean ± SD (n)‡ 117.7 ± 61.4 (37) 142.0 ± 77.4 (37) 147.6 ± 78.0 (37) 0.0179

ALK (U/l), median (range)‡ 97.0 (51.6–340.0) 115.0 (69.0–393.0) 117.0 (69.0–393.0)

†Change from baseline to last follow-up.
‡Two values �35 U/l were considered outliers and excluded from the analyses.
ALK: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: Gamma-glutamyl transferase; SD: Standard deviation.

Toxicity
There was no 30-day mortality. A total of 19 AEs were reported in 30% (15 of 50) of patients, and the most
common AEs were postembolization syndrome (52.6%; ten of 19) and fever (26.3%; five of 19). A total of 73.7%
of reported AEs were grade 1–2, or mild to moderate intensity, whereas 26.3% of AEs were grade 3 or higher.
There was one case of pain of grade 4 intensity, but no AEs were of grade 5 intensity. Heart rate and blood pressure
were not affected by treatment, and no significant variations were observed at follow-up visits. With regard to liver
toxicity, 8% (four of 50) of patients had an increase in ALT and AST values from baseline.

Serious AEs were reported in 8% (four of 50) of patients, and there were a total of five serious AEs, which
included two cases of postembolization syndrome, one case of right femoral pseudoaneurysm, one case of edematous
ascitic decompensation and one case of cholecystitis. The patients with postembolization syndrome did well with
conservative treatment, the patient with the pseudoaneurysm was treated with an injection of thrombin to the
pseudoaneurysm and did well, the patient with edematous ascitic decompensation did well with medical treatment
and the patient with cholecystitis was treated with surgery (cholecystectomy). With regard to liver toxicity in the
patient who underwent cholecystectomy, although AST, ALT and GGT enzyme levels did not change significantly
after the procedure, ALK levels slightly increased (p = 0.0179), though they remained within normal limits (Table 3).

Tumor response
Tumor response was available for 47 patients (94%). A satisfactory complete response (CR) was observed at first
and best tumor response (32 and 58%, respectively). DC rate was 90% at first evaluation and 94% at best tumor
response, according to RECIST 1.1, with a mean time to follow-up of 4.5 months (Figure 1). Partial response rates
at first and best tumor response were 58 and 36%, respectively, whereas progressive disease was observed in 10 and
6% of patients, respectively. Mean time to first tumor response was 86.1 ± 118.2 days, and mean time to best
tumor response was 135.3 ± 140.0 days.

At first tumor response, patients with stage BCLC stage 0/A HCC showed a high CR (58.3%), whereas patients
with BCLC stage B had a CR of 23.7% (Figure 2). Partial response values were 33.3 and 65.8% for BCLC stage 0/A
and BCLC stage B, respectively, whereas the corresponding values for progressive disease were 8.3 and 10.5%,
respectively. DC was comparable for BCLC stage 0/A (91.6%) and BCLC stage B patients (89.5%).

When considering the best tumor response to TACE, the results showed that 83% of patients with BCLC stage
0/A HCC showed a higher CR after TACE treatment with LifePearl™ microspheres compared with BCLC stage B
patients, who achieved a 50% response (p = 0.0414) (Figure 2). Partial response values were 17 and 42% for BCLC
stage 0/A and BCLC stage B, respectively, whereas progressive disease values were 0 and 10.5%, respectively. Mean
time to first tumor response was 135.3 ± 140.0 days and mean time to best tumor response was 86.1 ± 118.2 days.

Survival
Median OS of the total population was 33.8 months (range: 3–40) (Figure 3). Median OS for very early- and
early-stage disease (BCLC stage 0/A) was 35.8 (26.4; n.e.), whereas median OS for intermediate-stage disease
(BCLC stage B) was 31.9 months (range: 27.0; n.e.; p = 0.26) (Figure 3).
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Figure 1. Tumor response. (A) First tumor response. (B) Best tumor response.
CR: Complete response; DC: Disease control; PD: Progressive disease; PR: Partial response.
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Figure 2. Tumor response according to BCLC stage. (A) First tumor response according to BCLC stage. (B) Best tumor response according
to BCLC stage.
BCLC: Barcelona Clinic Liver Cancer; CR: Complete response; PD: Progressive disease; PR: Partial response.

Discussion
The aim of this study was to investigate the overall performance and safety of TACE with LifePearl™ microspheres
loaded with doxorubicin in patients with BCLC stage 0/A or stage B HCC. The main finding of this study was
that TACE with doxorubicin-loaded LifePearl™ microspheres is effective for the treatment of patients with different
stages of HCC, improving tumor response and survival of properly selected patients as previously reported [7,23].

Treatment with LifePearl™ was well tolerated in the authors’ study and agreed with the findings of several previous
studies, which demonstrated good procedure safety and AEs of mild intensity (e.g., postembolic syndrome and
fever) [6,17–25]. Liver toxicity with TACE with doxorubicin-loaded microspheres was usually reflected by increases
in AST, GGT, ALT and bilirubin levels [6,23,24]. The results of this study showed that AST, ALT and GGT levels
did not change significantly after TACE compared with baseline, whereas ALK levels significantly increased versus
baseline (though never exceeding normal values). These data were in agreement with liver toxicity reports in the
literature [17–20].

With regard to general tolerability, in this study, a total of 19 AEs were reported in 30% (15 of 50) of patients
and were mostly fever (26.3%; five of 19) and other AEs associated with postembolization syndrome (52.6%; ten
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Figure 3. Overall survival. (A) Overall survival of total sample. (B) Overall survival according to BCLC stage.

of 19). AE intensity was mainly grade 1–2, or mild to moderate (73.7%), with grade 3 or higher AEs observed in
26.3% of cases. This good safety profile was also observed when using 400-μm microspheres, without any 30-day
mortality.

The low toxicity using larger microspheres agrees with a study reporting no significant difference in complications
related to microspheres smaller or larger than 100 μm (p = 0.98) [26]. This high level of tolerability was also reported
in other studies of HCC treatment with TACE and doxorubicin-loaded LifePearl™, which showed fever (33%),
postembolization syndrome-related symptoms (6%), transaminase increases (17%), pain (33%) of mild to moderate
intensity (grade: 1–2) that resolved without complication and no grade 3 or 4 AEs [17–20].

The results of this study demonstrated that the use of LifePearl™ loaded with doxorubicin was efficacious, with
high CR percentages of 32 and 58% at first and best tumor response, respectively. DC was >90%, according to
RECIST 1.1, with a mean follow-up time of 4.5 months. The differential analyses of best tumor response according
to BCLC stages showed that BCLC stage 0/A patients achieved higher CR (83%) than BCLC stage B patients
(50%; p = 0.0414), whereas DC was comparable in the two groups, at 91.6% for BCLC stage 0/A patients and
89.5% for BCLC stage B patients. DC was similar to or higher than that reported by other studies using modified
RECIST (79–85.5% at 1 month, 72% at 3 months and 62–64% at 6 months after TACE with LifePearl™) [9–18].
Reported tumor response achieved with LifePearl™ is consistent across all studies.

DC obtained in this study was higher than that reported for conventional TACE (52–65.4%) or TACE
performed with other microspheres: DC Bead (Boston Scientific, MA, USA) (63.8%), HepaSphere (Merit Med-
ical, UT, USA) (53.8%) and Embozene Tandem beads (Varian Medical Systems, CA, USA) (81%) [27–31]. This
may be due to the physio-mechanical properties of the LifePearl™ core material, which allows higher drug release
in comparison with other drug-eluting microspheres, as shown in the in vitro comparative study of LifePearl™, DC
Bead, HepaSphere and Embozene Tandem microspheres, which eluted 30 ± 5%, 21 ± 2%, 8 ± 3% and 6 ± 0%,
respectively, of the loaded doxorubicin [16].

According to EASL guidelines, TACE is recommended as the standard of care for BCLC stage B patients. TACE
is also used in BCLC stage 0/A patients for downstaging or as a bridge to transplantation [9,23] and is recommended
by recent European Society for Medical Oncology guidelines [7]. TACE enhances downstaging and bridge to
transplant with excellent tumor response [23].

The median OS of the total population in the current study was 33.8 months, whereas BCLC stage 0/A patients
had a median OS of 35.8 months and BCLC stage B patients had a median OS of 31.9 months, showing that
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patients with early HCC stages can also benefit from the use of TACE. These data were in agreement with best
reported median OS in previous studies on TACE with other drug-eluting microspheres loaded with doxorubicin,
which showed OS of 33.9 months (95% CI: 28.9–38.9 months) and 1- and 2-year survival of 97.1 and 65.7%,
respectively [32,33].

The main limitations of this study were the retrospective data collection, absence of a control arm, low number
of patients and use of RECIST 1.1, as it may not be comparable with other publications using modified RECIST
criteria. Further multicenter prospective studies with a larger number of patients are currently ongoing and are
expected to confirm these data.

Conclusion
TACE with LifePearl™ microspheres loaded with doxorubicin is well tolerated when used to treat patients with
unresectable HCC, as indicated by the limited number of AEs and minimal changes in enzymes indicative of liver
function. TACE with LifePearl™ microspheres loaded with doxorubicin is also effective for the treatment of patients
with very early-, early- and intermediate-stage HCC, resulting in satisfactory CR, high DC and good OS.

Future perspective
TACE using doxorubicin-loaded LifePearl™ was used for the treatment of 50 patients with early- and intermediate-
stage HCC. Few AEs were reported. CR and DC were 58 and 94%, respectively, at time of best tumor response,
with a mean time to follow-up of 4.5 months. Patients with BCLC stage 0/A at best tumor response showed a
higher CR rate (83%) than patients with BCLC stage B (CR: 50%; p = 0.0414). Median OS was 33.8 months.

Doxorubicin-loaded LifePearl™ TACE is an effective treatment, with a good safety profile, for unresectable
patients with early- and intermediate-stage HCC. TACE has several applications in HCC patients, including tumor
downstaging and bridging to transplantation. Moreover, future treatments for HCC include the combination of
targeted and immunotherapy and checkpoint inhibitors (anti-PD-1 or anti-CTLA-4) to TACE. The rationale for
this combination is that TACE induces tumor necrosis, resulting in antigen release of dying tumor cells that are
known to induce antitumor immune responses and synergize T-cell stimulation through checkpoint inhibition. For
this reason, the treatment of all stages of HCC, from early to intermediate to advanced, will change considerably
in the near future.

Summary points

• Transarterial chemoembolization is indicated for unresectable hepatocellular carcinoma (HCC), increasing overall
survival (OS) in selected patients with unresectable Barcelona Clinic Liver Cancer stage 0/A and stage B HCC with
small tumor burden and good liver function.

• Fifty consecutive HCC patients from a single center, treated with transarterial chemoembolization using
doxorubicin-loaded LifePearl™, were enrolled.

• Adverse events were reported for 30% of patients, and 26.3% of adverse events were grade 3 or higher, with
only one grade 4 event and no grade 5 events.

• Complete response (CR) rates were 32 and 58% at first evaluation and best tumor response, respectively.
• Disease control rates were 90 and 94% at first evaluation and best tumor response, respectively.
• Median OS was 33.8 months. Patients with Barcelona Clinic Liver Cancer stage 0/A at best tumor response

showed a higher CR rate (83%) than patients with Barcelona Clinic Liver Cancer stage B (CR: 50%; p = 0.0414),
with a trend toward better OS, with a mean of 35.8 and 31.9 months (p = 0.26), respectively.

• Transarterial chemoembolization with LifePearl™ microspheres loaded with doxorubicin was well tolerated when
used to treat patients with very early-, early- and intermediate-stage HCC and resulted in satisfactory CR, high
disease control and good OS.
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