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Abstract: Background: The purpose of this study is to describe a single institution’s experience
using Oncozene (OZ) microspheres for transarterial chemoembolization (OZ-TACE) of hepatocellu-
lar carcinoma (HCC), and to compare tolerability, safety, short-term radiographic tumor response,
progression-free survival (PFS), and overall survival (OS) of these procedures to TACE (LC-TACE)
performed with LC beads (LC). Methods: A retrospective, matched cohort study of patients undergo-
ing DEB-TACE (drug-eluting bead transarterial chemoembolization) with OZ or LC was performed.
The cohort comprised 23 patients undergoing 29 TACE with 75 or 100 µm OZ and 24 patients un-
dergoing 29 TACE with 100–300 µm LC. Outcome measures were changes in liver function tests,
complications, treatment tolerability, short-term radiographic tumor response according to modified
RECIST criteria for HCC, PFS, and 1-year OS. The Mann–Whitney U test, Fisher exact test, and log
rank test were used to compare the groups. Results: The BCLC or Child–Pugh scores were similar
between the OZ and LC group. However, the two groups differed with respect to the etiology of
background cirrhosis (p = 0.02). All other initial demographic and tumor characteristics were similar
between the two groups. OZ-TACE used less doxorubicin per treatment compared to LC-TACE
(median 50 vs. 75 mg; p = 0.0005). Rates of pain, nausea, and postembolization syndrome were
similar, irrespective of the embolic agent used. OZ-TACE resulted in an overall complication rate
comparable to LC-TACE (20.7% vs. 10.3%; p = 0.47). LC-TACE resulted in a higher percent increase in
total bilirubin on post-procedure day 1 (median 18.8 vs. 0%; p = 0.05), but this difference resolved at 1
month. Both OZ-TACE and LC-TACE resulted in similar complete (31% vs. 24%) and objective (66%
vs. 79%) target lesion response rates on 1-month post-TACE imaging. Both OZ-TACE and LC-TACE
had similar median progression-free survival (283 vs. 209 days; p = 0.14) and 1-year overall survival
rates (85% vs. 76%; p = 0.30). Conclusion: With a significantly reduced dose of doxorubicin, TACE
performed with Oncozene microspheres in a heterogeneous patient population is well-tolerated, safe,
and produces a similar radiological response and survival rate when compared to LC Bead TACE.

Keywords: transarterial chemoembolization; HCC; Oncozene microspheres; LC beads

1. Introduction

Hepatocellular carcinoma (HCC) is the sixth most common cancer and the second
most common cause of death from cancer worldwide [1]. HCC-related incidence and
mortality in the United States are projected to increase in the next decade [2]. Transarterial
chemoembolization (TACE) is the treatment of choice for HCC not amenable to surgical
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or ablative techniques in patients with well-compensated liver disease [3]. TACE can be
performed using an ethiodized oil emulsion or drug-eluting beads (DEBs). The PRECISION
V trial demonstrated that TACE performed with DEBs resulted in comparable response
rates with reduced liver toxicity and drug-related adverse events when compared to TACE
performed with ethiodized oil emulsion [4]. Since the publication of these results, the use
of DEBs has become increasingly more common [5].

Oncozene microspheres (Varian, Palo Alto, CA, USA) are among the most recent
commercially available DEBs. Theoretical advantages include the availability in small
diameters (40, 75, and 100 µm), which could allow for more distal occlusion and denser
packing in intratumoral vessels, maximizing local delivery of the chemotherapeutic while
sparing normal liver parenchyma [6]. In vitro experiments and pharmacokinetics demon-
strate sustained release of the chemotherapeutic compared to LC Bead (Boston Scientific,
Marlborough, MA, USA) [7]. The size of the Oncozene microspheres is tightly calibrated;
other embolic agents are constituted with a more heterogeneous distribution, which could
be problematic as larger spheres could occlude vessels proximally and prevent the distal
delivery of the smaller spheres. The smaller size of Oncozene may result in a larger quantity
of embolics being delivered to the tumor.

Despite these theoretical benefits, the clinical use of Oncozene microspheres described
in the literature is limited [8–12]. The purpose of this study is to assess the short-term
radiographic tumor response, safety, and tolerability of DEB-TACE performed with Oncoz-
ene microspheres (OZ-TACE), and to compare these outcomes with those from DEB-TACE
performed with LC beads (LC-TACE), a commonly used DEB agent. We hypothesized
that OZ-TACE would result in higher rates of complete and partial response compared to
LC-TACE, with less adverse effects.

2. Materials and Methods

This single-center study was approved by the Institutional Review Board at our
hospital (IRB#21-000278) and is compliant with the Health Insurance Portability and
Accountability Act, with waiver of informed consent. A retrospective, matched cohort
analysis was conducted on 29 OZ-TACE for 23 patients and 29 LC-TACE for 24 patients.
TACE procedures performed with LC beads were selected as a matched cohort with respect
to patient age and tumor characteristics. All patients had biopsy-proven HCC or Liver
Imaging Reporting and Data System (LI-RADS) 5 liver masses. Patients were considered
to be eligible for TACE if they were not candidates for percutaneous or surgical ablative
therapies, had well-compensated cirrhosis with a Child–Pugh score up to B, and had a
patent main portal vein.

2.1. TACE Technique

Catheter access to the hepatic vasculature was obtained in a standard fashion. Super-
selective catheterization of feeding vessels was performed with a coaxial microcatheter
system. After distal positioning of the microcatheter, the DEB agent was delivered. The
delivered Oncozene microspheres were 75 µm in size (except in 5 procedures with 100 µm).
All procedures with LC Bead used 100–300 µm beads. Doxorubicin was the chemothera-
peutic agent in all procedures. Embolic preparations were administered until near-stasis
and absence of tumoral enhancement on angiography. Real-time fluoroscopy was uti-
lized to minimize the reflux into nontarget vessels. All procedures were performed by
interventionalists with 10–25 years of experience.

2.2. Post-Procedural Management and Surveillance

Following the procedure, patients were admitted for overnight observation. Patients
were discharged the next day in the absence of serious adverse events and control of pain
and nausea with oral medications. Data were collected regarding narcotic use during the
postprocedural hospitalization, and a standardized opioid equivalency table was used to
account for differences in potency and routes of administration [13]. Liver function tests
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were drawn on the morning of the procedure, post-procedure day 1, and at a scheduled
clinic visit 1 month after TACE.

Complications were noted in accordance with the quality improvement guidelines
published by the Society of Interventional Radiology [14]. Major complications included
those requiring therapy and minor hospitalization (48 h), those requiring major therapy
with an unplanned increase in the level of care and prolonged hospitalization, perma-
nent adverse sequelae, and death. Minor complications included those without clinical
consequence and required nominal therapy at most. Treatment-related toxicity was also
classified according to the National Cancer Institute Common Terminology Criteria for
Adverse Events, version 4.03, where appropriate [15].

2.3. Radiographic Tumor Response

Imaging with either contrast-enhanced multiphasic computed tomography or mag-
netic resonance imaging with Eovist was obtained within 1 month prior and after TACE.
Serial images assessing progression were subsequently obtained at regular intervals as
determined by the managing interventional radiologist and/or oncologist. Objective tumor
response was evaluated using the modified Response Evaluation Criteria in Solid Tumors
(mRECIST) assessment for HCC [16–18]. Target lesions were at least 1 cm in diameter,
suitable for repeat measurement, demonstrated intratumoral enhancement on imaging,
and were treated with TACE. A maximum of two lesions satisfying these criteria with
the greatest intratumoral enhancement were selected as the target lesions for each patient.
All other arterially enhanced lesions were considered nontarget lesions. Blinded review
of each patient’s imaging was conducted by two of the authors (M.L.H. and E.W.L.) in a
consensus reading session.

2.4. Statistics

Significant differences between groups were analyzed with the Mann–Whitney U
test and Fisher exact test, where appropriate. Kaplan–Meier analysis using the log-rank
test was performed to assess survival differences. All statistical analyses were performed
using SPSS Statistics 15 (IBM Corp., Armonk, NY, USA). A p < 0.05 was considered to be
statistically significant.

3. Results
3.1. Baseline Clinical Characteristics

Our cohort consisted of 23 patients (15 males, 8 females, mean age 68 years) who
underwent 29 OZ-TACE and 24 patients (15 males, 9 females, mean age 65 years) who
underwent 29 LC-TACE. The mean age of the entire cohort was 67 years. The baseline
clinical characteristics are summarized in Table 1. The two groups were balanced with
respect to age, sex, history of previous treatment, Eastern Cooperative Oncology Group
(ECOG) status, baseline alpha-fetoprotein (AFP), maximum tumor size and enhancement,
tumor burden and distribution, Barcelona clinic liver cancer (BCLC) stage, and Child–
Pugh score.

The etiology of cirrhosis differed between the two groups, where patients who under-
went OZ-TACE had a higher rate of nonalcoholic steatohepatitis and patients who had
LC-TACE had a higher rate of hepatitis C and alcoholic cirrhosis (p = 0.02). Patients who
had OZ-TACE had higher albumin levels (3.8 vs. 3.4, p = 0.008) and lower INR (1.1 vs. 1.2,
p = 0.0001) at baseline compared to patients with LC-TACE. The range of doses prepared
per treatment for both OZ-TACE and LC-TACE were similar at 75–100 mg. However,
significantly less doxorubicin was delivered per treatment when Oncozene microspheres
were used (an average dose of 50 in OZ-TACE vs. 75 mg in LC-TACE, p = 0.0005).
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Table 1. Baseline clinical characteristics.

Oncozene (n = 29) LC (n = 29) p Value

Age (y) * 67 (46–90) 65 (49–89) 0.18
Male/Female 20/9 19/10 1.00

Etiology 0.02
Hepatitis B Virus 2 3
Hepatitis C Virus 15 19

Nonalcoholic Steatohepatitis 10 3
Alcohol 0 4

Cryptogenic 2 0
BCLC Stage 0.80

A 4 2
B 13 15
C 12 12

Child–Pugh Status 0.36
A 24 20
B 5 9
C 0 0

ECOG Performance Status 0.83
0 19 17
1 9 10
2 1 2

Previous Treatment
Resection 2 1 1.00

Chemotherapy 1 4 0.35
Ablation 1 6 0.10

TACE 17 12 0.29
Tumor Burden and Distribution

Unifocal/Multifocal 9/20 9/20 1.00
Unilobar/Bilobar 18/11 15/14 0.60

Largest Lesion Diameter (cm) * 5.1 (1.4–9.5) 4.3 (1.1–13.0) 0.49
Total Sum of Enhancing Target Lesion Diameters (cm) * 4.4 (1.5–12.2) 4.1 (1.1–11.0) 0.86

Laboratory Values
Serum aspartate aminotransferase (IU/L) * 47 (15–160) 55 (16–292) 0.39
Serum alanine aminotransferase (IU/L) * 44 (15–204) 34 (9–232) 0.15

Serum total bilirubin (mg/dL) * 0.9 (0.3–3.0) 1.1 (0.2–2.2) 0.31
Serum alkaline phosphatase (IU/L) * 118 (59–306) 117 (47–348) 0.38

Serum albumin (g/dL) * 3.8 (2.7–4.7) 3.4 (2.6–4.2) 0.008
International normalized ratio * 1.1 (1.0–1.3) 1.2 (0.9–1.6) 0.000
Serum α-fetoprotein (ng/mL) * 13.7 (2.0–12,294) 26.9 (2.1–54,450) 0.48

Chemotherapeutic Dose Delivered (mg) * 50 (17–100) 75 (25–112) 0.0005

Unless otherwise indicated, data are number of patients. BCLC = Barcelona Clinic Liver Cancer; ECOG = Eastern Cooperative Oncology
Group; TACE = Transarterial Chemoembolization. * Data are medians, with ranges in parentheses.

3.2. Clinical Toxicities and Adverse Events

During the postprocedural hospitalization, the observed rates of transient fever were
not significantly different between the OZ-TACE and LC-TACE groups (17% vs. 3%,
p = 0.09; Table 2). The proportion of patients who had pain (76% vs. 59%, p = 0.26), nausea
(72% vs. 59%, p = 0.41), or postembolization syndrome (86% vs. 83%, p = 1) was also
similar between the two groups (Table 2). Patients in the Oncozene group had a similar
daily narcotic requirement compared to patients in the LC Bead group (15 vs. 7.5 mg of PO
morphine, p = 0.10).
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Table 2. Adverse events.

Oncozene (n = 29) LC (n = 29) p Value

Fever 5 (17) 1 (3) 0.19
Pain * 22 (76) 17 (59) 0.26

Nausea * 21 (72) 17 (59) 0.41
Postembolization Syndrome ** 25 (86) 24 (83) 1.00

Daily Narcotic Requirement (mg) ‡ 15 (0–131) 7.5 (0–85) 0.10
Complications

Overall 6 (21) 3 (10) 0.47
Major 6 (21) 2 (7) 0.25
Minor 0 (0) 1 (3) 1.00

Data are number of patients, with percentage in parentheses. Unless otherwise noted, adverse events were Grade
1/2. * Three Grade 3 events in the Oncozene group, and two Grade 3 events in the LC Bead group. ** Five Grade 3
events in the Oncozene group, and two Grade 3 events in the LC Bead group. ‡ Median and range in parentheses,
expressed as PO morphine equivalents [13].

Patients in the LC Bead group experienced a higher percent increase in total bilirubin
on post-procedure day 1 compared to patients in the Oncozene group (18.8% vs. 0%,
p = 0.05; Table 3), but this difference resolved in 1 month. There was a higher rise in INR
1 month after TACE in the OZ-TACE group compared to the LC Bead group, although the
median percent change in both groups was 0 (p = 0.009). All other changes in laboratory
values were mild, transient, and were similar between the two groups (Table 3).

Table 3. Change in laboratory values from the baseline.

Oncozene (n = 29) LC (n = 29) p Value

Post-procedure Day 1
Aspartate aminotransferase (%) 19.6 (−29.2–378.1) 14.1 (−24.1–1257.1) 0.84
Alanine aminotransferase (%) 9.1 (−54.9–373.5) 16.0 (−25.4–2022.2) 0.37

Total bilirubin (%) 0.0 (−33.3–233.3) 18.8 (−33.3–100.0) 0.05
Alkaline phosphatase (%) −10.2 (−28.7–24.4) −7.1 (−30.0–10.4) 0.22

Albumin (%) −7.9 (−23.3–2.78) −5.3 (−27.0–12.9) 0.28
Post-procedure Day 30

Aspartate aminotransferase (%) 0.0 (−66.0–329.2) −5.9 (−82.9–78.3) 0.22
Alanine aminotransferase (%) −10.0 (−80.4–655.6) −2.8 (−72.7–117.5) 0.93

Total bilirubin (%) −16.7 (−68.4–100.0) 0.0 (−50.0–100.0) 0.42
Alkaline phosphatase (%) 15.3 (−20.0–130.2) 14.4 (−28.1–176.6) 0.60

Albumin (%) 0.0 (−26.8–37.0) −3.5 (−21.9–25.8) 0.87
International normalized ratio (%) 0.0 (−9.1–36.4) 0.0 (−18.8–15.4) 0.009

α-fetoprotein (%) −13.3 (−85.2–552.5) −17.6 (−91.6–221.0) 0.86
Data are medians, with ranges in parentheses.

There were six complications (21%) in the OZ-TACE group and three complications
(10%) in the LC-TACE group (p = 0.47), according to the Society of Interventional Radiology
classification system. Complications in the Oncozene group were considered to be major:
three patients required readmission or prolonged hospitalization for pain and nausea; two
patients required readmission for fever and leukocytosis without an identified source of
infection, which resolved with antibiotics; and one patient developed ischemic cholecystitis,
requiring cholecystostomy tube placement. Of the three complications in the LC Bead
group, two were major and one was minor: two patients required prolonged hospitalization
for pain and nausea; and one patient was evaluated in the emergency department for pain
and nausea, but did not require admission.

3.3. Radiographic Tumor Response

The use of Oncozene microspheres as compared to LC Bead resulted in similar com-
plete (31% vs. 24%) and objective (66% vs. 79%) target lesion response rates on imaging
1 month after TACE (p = 0.32; Figure 1). Nontarget lesion response rates were also similar
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between the two groups. The choice of embolic agent did not impact the overall complete
(17% vs. 7%) and objective (62% vs. 66%) response rates (p = 0.63; Figure 1). On long-term
follow-up, the median follow-up time was 381 days (Interquartile Range: 239, 497). Median
progression-free survival (283 vs. 209 days) did not differ significantly between the OZ-
TACE and LC-TACE groups (p = 0.14). The 1-year overall survival rates were also similar
(85% vs. 76%) (p = 0.30; Figure 2).
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4. Discussion

The present study demonstrates that the choice between Oncozene microspheres and
LC Bead during TACE did not significantly impact the complication rates or treatment
tolerability. When the short-term radiographic response was assessed, the two groups
demonstrated comparable rates of complete and objective target lesion response.

Although the distribution of cirrhosis etiology differed between the two groups,
we would not expect this to affect our outcomes of safety, tolerability, and short-term
radiographic response. Furthermore, Trevisani et al. demonstrated that the etiology of
cirrhosis did not impact the survival of patients with HCC, with factors such as oncologic
features and treatment found to be more important [19]. The difference in baseline serum
albumin level and INR between the two groups was statistically significant. However, the
differences in median albumin (3.8 vs. 3.4 g/dL) and INR (1.1 vs. 1.2) are unlikely to be
clinically significant, and this is reflected in the similar distribution of Child–Pugh A/B
patients between the two groups. These considerations, in conjunction with similar age,
sex, and oncologic features, demonstrate that the groups are balanced for the purposes of
our primary outcomes.

In our series, the choice of DEB did not impact the short-term radiographic response,
progression-free survival, or overall survival. We hypothesized that Oncozene micro-
spheres would perform better than 100–300 µm LC Bead on the basis of a few stud-
ies. First, Lee et al. demonstrated that upon histopathologic analysis of a rabbit tumor
model, 100–300 µm particles were distributed intratumorally and at the periphery, while
300–500 µm particles were mainly distributed at the tumor periphery and within the hep-
atic artery at a distance from the tumor [6]. The clinical benefit of smaller particles was
demonstrated in a study by Padia et al., where an EASL complete response rate of 59% was
achieved with 100–300 µm particles as compared to 36% with 300–500 µm particles [20].
Interestingly, the same study showed that patients who were treated with 100–300 µm
particles had a lower incidence of postembolization syndrome (8% vs. 36%) and fatigue
(40% vs. 70%) compared to patients treated with 300–500 µm particles. There may be a
critical particle size beyond which smaller diameters do not significantly prevent further
intraparenchymal collateral flow or enhance local effects of the chemotherapeutic. The
same argument could explain why patients in each group experienced similar amounts of
pain and nausea; the smaller Oncozene microspheres may only marginally reduce global
ischemia. Although the survival outcomes were similar between the two groups, many
patients underwent additional local or systemic therapies following TACE, which could
obscure any potentially isolatable survival differences between the two approaches.

Although Oncozene microspheres and LC Bead appeared to impact tumor radio-
graphic response similarly in our study, it is worth noting that less doxorubicin was used
per treatment when Oncozene microspheres were used. Of note, the average amount of
doxorubicin prepared for each treatment was similar in both groups. This is likely due to
in vivo pharmacokinetic data demonstrating a longer release time of chemotherapeutic
and greater area under the concentration–time curve with Oncozene microspheres as com-
pared to LC Bead [7]. Future investigation with dose titration studies could be valuable in
identifying chemotherapy doses that maintain efficacy while minimizing biliary injury and
anthracycline-related toxicity, with important implications for patients with cardiovascular
comorbidities. Rates of cardiomyopathy range from 3–25% for cumulative doxorubicin
dosages greater than 300 mg/m2, which is a significant consideration for patients with
HCC, who often require multiple TACE procedures for disease control and bridging to
transplant [21].

The literature describing the use of Oncozene microspheres for HCC is limited, but our
findings are consistent with those of previous studies. In comparison to our study, previous
reports consisted of single cohort designs, and examined smaller particle sizes with higher
doses of doxorubicin. Malagari et al. prospectively studied a group of 52 patients treated
with 40/75/100 µm particles, depending on tumor size, loaded with either 100 or 150 mg
of doxorubicin [10]. The complete and objective target lesion response rate according to the



Life 2021, 11, 600 9 of 10

mRECIST criteria, 1 month after TACE, were 13.7% and 58.8%, respectively. The observed
rate of post-embolization syndrome in this study ranged from 13 to 46%. The MIRACLE I
Study examined 25 patients who were treated with 75 µm particles loaded with 150 mg
of doxorubicin [9]. According to the mRECIST criteria for the best response, the reported
complete response and objective response were 48% and 67%, respectively. There was a
12% rate of serious adverse events in the first 30 days, and post-embolization syndrome
occurred in 50–86% of patients. Greco et al. retrospectively analyzed 48 patients who were
treated with 40 µm particles loaded with 100 mg of doxorubicin [8]. The reported best
complete and objective response according to the mRECIST criteria in this study were
46% and 72.6%, respectively. There were no major complications, and the incidence of
post-embolization syndrome was 15%.

Limitations of this study are due to the small number of patients and retrospective
design, which affects the interpretability of the survival data as stated above. There is
expected risk of misclassification bias due to its retrospective nature. However, this was
minimized as the data collection process was primarily performed by two investigators.
Another limitation due to the retrospective nature of the study is that follow-up echocardio-
grams were not obtained to assess for anthracycline-related toxicity. As for the medication
usage, although an attempt was made to quantify the amount of narcotics used by each
patient, we cannot account for narcotics used by a patient after discharge. Many patients in
this study received treatment for HCC prior to undergoing OZ-TACE or LC-TACE. These
treatments could potentially affect hepatic arterial integrity and affect tumor vascular-
ity, although this is difficult to quantify and control for. Future directions may include a
prospective, comparison study to focus on a mid-term and long-term clinical, complications
and safety outcomes, including post-embolization syndromes, true narcotic usage in both
in-patient and out-patient settings, tumor response with and without other treatments,
and potential combinational use of transarterial chemoembolization with and without
systemic treatment. As clinical experience with OZ-TACE grows, outcomes among larger
patient cohorts may also be assessed with more rigorous analysis, such as propensity score
matching. It would also be interesting to see if clinical or radiographic outcomes varied
with Oncozene microsphere size, as almost all the patients in the OZ-TACE cohort were
treated with 75 µm particles.

In conclusion, the results of this study suggest that with significantly reduced doses
of doxorubicin, TACE performed with Oncozene microspheres in a heterogeneous patient
population is well-tolerated, safe, and produces a similar radiographic response and
survival rate when compared to TACE performed with LC Bead.
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