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Objective: To study the efficacy and safety of repeat
transarterial radioembolization (TARE) to similar hepatic
arterial territories.

Methods: Between 3/2011 and 4/2019, 26 patients (25
males and 1 Female, Mean Age: 65 yo, SD: 11.7 yo, Range:
18-83.0 yo) received TARE with Y90 glass microspheres
to treat recurrent or residual primary disease in similar
hepatic arterial lobe or segments. Tumor response was
evaluated by imaging using the modified-RECIST criteria.
Incidence of RILD and adverse events were categorized
by a standardized scale using the Common Terminology
Criteria for Adverse Events (CTCAE) v.4.0.

Results: Mean cumulative activity after the first treat-
ment was 2.50 GBg (SD:1.04 GBg, Range:0.61-4.93
GBq) and second treatment was 2.27 GBq (SD:1.01 GBq,
Range:0.92-5.46 GBqg). Mean interval time between
initial and repeat treatments was 9.6 months (Range:
1-53 months). Tumor responses were complete, partial,
or progression in 73% (n = 19/26), 23% (n = 6/26), and
4% (n = 1/26) in repeat treatment patients, respectively.
The incidence of RILD was 0%. Toxicity after first and

INTRODUCTION

Yittrium-90 (Y90) radioembolization has been proven
to be an effective and safe treatment option for hepato-
cellular carcinoma (HCC) by inducing tumor necrosis
and prolonging time-to-progression."” While radioem-
bolization is generally safe and well tolerated, there is a
potential concern for treatment-induced hepatotoxicity,
especially radiation-induced liver disease (RILD).> While
most radiation-induced liver effects are self-limited, a small
minority of patients will progress onto RILD, which is char-
acterized by ascites, jaundice, and decreased liver function.

Repeat radioembolization may be indicated in recurrent
patients with HCC but can also carry increased risk for
RILD due to increased cumulative radiation exposure.’

second treatment was seen in 19% (n = 5/26) & 23% (n
= 6/26) patients, respectively, and were all of CTCAE
Grade 2. No significant predictors of treatment toxicity
for repeat treatment were identified except increased
MELD score (p = 0.04). Kaplan-Meier survival analysis in
patients with repeat treatment showed a median survival
of 15.0 months (95% CI 8.8-21.1 months) and 19.0 months
(95% Cl 8.1-29.9 months) in patients who only received
one treatment with a p value of 0.485.

Conclusion: Repeat TARE with glass microspheres was
an effective and safe treatment strategy for disease
management in patients with residual or recurrent
disease to the similar hepatic arterial territories without
any major treatment related toxicity.

Advances in knowledge: Although safety and efficacy
of repeat radioembolism has been studied, no study has
focused on repeat treatment to similar hepatic arterial
territories. The current study shows that repeat treat-
ment to the same hepatic arterial territory is as safe as
single treatment to the same territory.

Current safety data on repeated use of Y90 treatment for
recurrent HCC, especially in the same hepatic region, are
conflicted. Some studies have reported no incidence of
RILD following repeat treatments,®” whereas another study
found elevated risk of RILD in repeated Y90 radioemboli-
zation.” Thus, the purpose of this study was to investigate
the efficacy and safety of repeated Y90 radioembolization to
similar hepatic territories with respect to toxicity and treat-
ment response on imaging.

METHODS AND MATERIALS

Patient selection

Institutional review board approval was attained for this
single institution retrospective study. Between March 2011
and April 2019, a total of 26 patients (25 males and one
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Table 1. Summary of baseline characteristics of patients receiving repeat radioembolization.
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Characteristic Repeat TreatmentNN =26 | Single treatment onlyNN = 158
Sex, M/F 25 (96%)/1 (4%) 142 (90%)/ 16 (10%)

Age 65 yo (18-83.0) 65 yo (14-88.0)

BCLC

A 59.3% (n = 15/26) 68.3% (1 = 108/158)

B 25.9% (1 = 7/26) 26.1% (n = 41/158)

C 14.8% (1 = 4/26) 5.5% (n = 9/158)

CPS

A 85.2% (n = 22/26) 75.5% (n = 119/158)

B 14.8% (4/26) 24.5% (39/158)

MELD 8.5 (SD: 2.36, Range: 6 to 14) 9.8 (SD: 3.77, Range: 6 to 26)
Primary tumor Hepatocellular carcinoma Cholangiocarcinoma 96.2% (n = 25/26) 3.8% (n = 1/26) 94.3% (n = 149/158) 5.7% (n = 8/158)
Extra Hepatic Disease 19.2% (n = 5/26) 13.9% (n = 22/158)

Splenic Vein Thrombosis

Average time interval between first and second radioembolization 9.6 months (1.0-52.0) NA

female, mean age 65, SD 11.7, range 18-82) underwent a second
radioembolization treatment to the same hepatic arterial terri-
tory for progressive and recurrent or residual tumor at an urban
tertiary-care academic center. All patients were reviewed at a
weekly liver tumor board with participation from hepatology,
medical oncology, diagnostic/interventional radiology, and trans-
plant surgery. Patients were scheduled for repeat radioemboliza-
tion based on multi-disciplinary consensus with a prior objective
response and/or lack of suitable alternative treatments. Since 60%
of initially treated patients had an objective response (Complete
or Partial as described in the Response section), repeat treatment
for recurrent disease was deemed appropriate for residual and

Figure 1. Inclusion and exclusion criteria for study. Patients
were excluded if they initially received whole liver treatment
or if they received whole liver treatment during subsequent
treatments.

Patients who underwent
Transarterial Radioembolism with

Y90 for liver tumors from March
2011 to April 2019 (n=187)

Excluded (n=161):
-Received only one Y90 treatment
-Received whole liver Y90
treatment either initially or on
repeat treatment
-Patient received repeat treatment
to completely different arterial
territory in liver

Included (n=26):
-Patients that received repeat
segmental or lobar Y90 treatment
after initially receiving segmental
or lobar treatment

recurrent disease. For progressive disease, repeat treatment was
deemed appropriate with a higher Y90 dosage as there was no
suitable alternative form of locoregional treatments or surgical
resection. The cohorts’ baseline demographics and characteristics
are summarized in Table 1. Patients that received initial whole
liver radioembolization, repeat whole liver radioembolization,
or repeat treatment to an entirely different arterial territory were
excluded from this study. Inclusion and exclusion criteria are visu-
alized in Figure 1. Patient data acquisition was in agreement with
the Health Insurance Portability and Accountability Act. Retro-
spective oncologic, clinical, and radiological data were recorded.

Procedural technique

Therasphere” (Boston Scientific; Marlborough, MA) glass micro-
spheres synthesized with radioactive Y-90 particles was the
embolic agent of choice for all initial and repeat radioemboli-
zation procedures. Dose calculations for both treatments were
made with the help of Technetium-99 macroaggregated albumin
(MAA) mapping procedures to define tumor vascular distribu-
tion, isolate and embolize potential non-target enterohepatic
vessels, and compute hepatopulmonary shunt fractions. All of
the treatments were either lobar (n = 14/26) or segmental (n =
12/26) and no whole liver treatment was performed. Y90 admin-
istration was performed by four interventional radiologists with
five or more years of experience with transarterial radioembo-
lization (TARE). Dosimetry using the medical internal radi-
ation dose (MIRD) model for lobar treatments was calculated
at 120Gy and 120 Gy for segmental treatments. All doses were
delivered the subsequent Tuesday through Friday from the date
of calibration. As per protocol, all treatments were calculated to
deliver less than 30 Gy to the lungs per single treatment and less
than 50Gy cumulatively. Treatment volumes were calculated
using prior cross-sectional imaging or cone beam CT obtained
at mapping using proprietary software Visage 7.1 (Pro Medicus
Limited; Richmond, Australia).
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Repeat radioembolization was classified as Y-90 treatment to the
same target territory as identified on imaging and point of radio-
embolic administration on angiography. The majority of patients
were treated for hepatocellular carcinoma (96%, n = 25/26) while
the remaining (4%, n = 1/26) were treated for cholangiocarci-
noma. HCC was diagnosed following the American College of
Radiology guidelines using the Liver Imaging Reporting and
Data System (LI-RADS) with multiphase CT and MRI imaging
evaluation. Lesions that were not diagnosed as HCC were usually
investigated further with biopsy. The average time between treat-
ments was 9.6 months (range 1-52 months).

Response

Each patient had outpatient follow-up appointments for blood-
work and clinical evaluation at 1, 4, and 7 months. In addition,
imaging was obtained on each patient at 3 months and 6 months
post-treatment. Tumor response was rated as either progres-
sion, partial, or complete based on contrast enhancement in
follow-up imaging based on the American Association for the
Study of Liver Diseases and Journal of the National Cancer Insti-
tute (AASLD-JNCI) guidelines for grading liver tumor response
using the Modified Response Evaluation Criteria in Solid Tumors
(mRECIST) evaluation tool.® Both MRI and CT modalities were
used for post-treatment response evaluation. Prior to,> at this
tertiary center, post-treatment imaging studies were performed
at 1month post-treatment but this was discontinued at the
discretion of abdominal imagers since post-treatment changes
prohibited declaration of true response.’

Toxicity analysis

Post-treatment toxicity was graded by the Common Terminology
Criteria for Adverse Events (CTCAE) v.4.03 for 6 months after
each treatment.' The incidence of RILD was evaluated within 6
months of treatment. RILD was diagnosed in patients by evalu-
ating clinical documentation for the following adverse outcomes
as described by Lawerence et al': anicteric ascites and increasing
alkaline phosphatase out of proportion to other liver enzymes.

Statistical analysis

The purpose of statistical analysis in this study was to analyze the
efficacy and safety of patients receiving repeat treatment to similar
hepatic arterial territories. Safety was evaluated by comparing
the incidence of specific toxicities such as abdominal pain after
each procedure. A student t-test was used to determine if there
was significantly more toxicity associated with repeat treatments
compared to initial. The proportion of treated liver to total liver
volume was also calculated to quantify relatively how much liver
was treated with each therapy. Efficacy was reported by evalu-
ating therapy response on imaging. The proportion of complete,
partial, and tumor progression was reported for each treatment.
Kaplan-Meier survival analysis was performed to measure eval-
uate and visualize the mean survival time. Patients who received
only one radioembolization treatment were analyzed only for
cumulative survival.

Statistical analysis was also performed to investigate potential
prognostic factors of toxicity in patients receiving repeat radi-
oembolization treatment. Multiple factors were considered

Table 2. Treatment characteristics for initial and repeat treat-
ments

Y90 Treatment Characteristics

Mean Treatment Volume for first Treatment 1029.0cm3
Proportion of Treated to total liver 0.65
Mean Treatment Volume for second Treatment 849.6cm3
Proportion of Treated to total liver 0.58
Calculated Activity at first Treatment 2.50 GBq
Calculated Activity at second Treatment 2.27 GBq
Mean Lung Shunt Fraction after first Treatment 3.56%
Mean Lung Shunt Fraction after second 6.22%
Treatment

including age, gender, tumor distribution, lung shunt fraction,
tumor volume, MELD score, and albumin-bilirubin grade
(ALBI). ALBI is a well-established prognostic factor for survival
in patients receiving radioembolization. ALBI grade is computed
using the following formula: ALBI score = (logl0 bilirubin
[umol/L] x 0.66) + (albumin [g/L] x —0.0852).!2 Fisher exact test
was used for nominal characteristics such as gender and tumor
distribution and Kruskal-Wallis test was used for the remaining
continuous characteristics. RStudio v.3.6.1 (RStudio Inc., Vienna,
Austria) was used for univariate statistical analysis.

RESULTS

Mean cumulative activity after the first treatment were 2.50 GBq
(SD: 1.02 GBq, Range: 0.61-4.93 GBq) and second treatment
were 2.27 GBq (SD: 1.02 GBg, Range: 0.92-5.46 GBq). The mean
hepatopulmonary shunt fraction after initial treatment was
3.56% (SD: 2.70%, Range: 0.90 to 13.20%) and after repeat treat-
ment was 6.22% (SD: 6.40%, Range: 0.00 to 27.10%). The average
diameter of largest lesion was 5.64cm (SD: 2.99 cm, Range: 1.3
to 12.5cm) and average tumor treatment volume was 1029.0 cm®
(SD: 452.0 cm?, Range: 563 to 2158 cm?) for initial treatment and
average diameter of the largest lesion was 5.24cm (SD: 3.15cm,
Range: 1.6 to 14.3 cm) and average tumor treatment volume was
849.60 cm® (SD: 408.60 cm®, Range: 295 to 1948 cm®) for repeat
treatment. The mean proportion of treated liver to non-treated
liver was 0.65 (SD: 0.17, Range: 0.33 to 0.89) for the initial treat-
ment and 0.58 (SD: 0.22, Range: 0.21 to 0.88) for repeat treat-
ment. These findings are summarized in Table 2.

After initial treatment, 40.0% of patients had complete response,
20.0% had partial response, and 20.0% had tumor progression.
Treatment administration was segmental in 46% (n = 12/26) of
patients and in this group, 66% (n = 8/12) had complete response,
25% (n=3/12) had partial, and 8% (n = 1/12) had tumor progres-
sion. The other 54% (n = 14/26) of patients received lobar treat-
ment with 79% (n = 11/14) exhibiting complete response and
21% (n = 3/14) exhibiting partial response. The occurrence of
RILD was 0% (n = 0/26). Toxicity after first and second treatment
was seen in 19% (5/26) & 23% (n = 6/26) patients, respectively,
and were all of CTCAE Grade 2. Toxicities included nausea,
pain, and fever. There was no statistically significant difference
between the initial and repeat treatment toxicities. These findings
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Table 3. Each toxicity reported for initial and repeat treatments. T-test used to evaluate for statistical significance.

CTCAE RE treatment # All grades (n) Grade 3 (n) P value (for all grades)
Fever First treatment Second treatment 21 00 p>>0.05
Fatigue First treatment Second treatment 01 00 p>>0.05
Nausea and/or vomiting First treatment Second treatment 03 00 p>>0.05
Abdominal pain First treatment Second treatment 34 00 p>>0.05

along are summarized in Table 3. Kaplan-Meier survival analysis
in initial treatment patients demonstrated a median survival of
19.0 months [95% CI (8.1-29.9)] and 15.0 months [95% CI (8.8-
21.1)] in patients who only received repeat treatment with a p
value of 0.485. The Kaplan-Meier survival plot is seen in Figure 2.

Bivariate analysis was performed to determine the association of
prognostic factors with toxicity. Of the factors tested, only MELD
score analysis yielded a statistically significant p value of 0.040.
Total activity administered (p = 0.70) and treatment volume (p =
0.64) did not show any statistically significant association. All of
the factors tested are listed in Table 4.

DISCUSSION

Current dosing for radioembolization uses the information
from the Tc-99 MAA mapping to predict the distribution of
Y90. However, Tc-99 MAA and Y90 embolic particles have been
reported to differ in distribution properties by over 10%.'*'*
Microspheres in general have a heterogeneous distribution
pattern, which leads to uncertainty behind dosage calculations
and can potentially lead to larger amounts of radiation reaching
non-tumorous tissue. RILD is a well-known complication,

Figure 2. Kaplan-Meier survival plot for single and repeat
radioembolization treatment. Patients who received only one
radioembolization treatment were analyzed only for cumula-
tive survival.
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albeit rare with a 4% incidence, and increases with age, poor
liver baseline function, and the volume of liver treated. Other
serious complications include radiation pneumonitis for patients
that have significant hepatopulmonary shunts and GI ulceration
secondary to hepaticoenteric arterial communications.”> As
such, with uncertainty regarding target and non-target radioac-
tivity, these toxicities are a deterrent for repeat radioemboliza-
tion treatments.

Lam et al evaluated the safety of repeated Y90 treatment with
resin spheres and found that there was an increased incidence
of RILD for the repeat group. The authors advised caution
with repeat treatment due to increased incidence of RILD but
also from the uncertainty of dosing.’ It is worthwhile to note
however that whole liver treatment was performed in five out of
the eight repeat treatments.” In addition, Currie et al looked at
long-term safety in patients receiving radioembolization treat-
ments. They found that there was an increased incidence (13%)
of radiation-induced chronic hepatotoxicity 6 or more months
after treatment. There were a total of 69 toxicity events in the
13/98 patients that developed radiation induced chronic hepa-
totoxicity. They reported that tumor involvement of more than
50% of liver and previous cirrhosis were predisposing factors to
developing radiation-induced chronic hepatotoxicity.'® While
this study investigated long-term outcomes of single radioembo-
lization, it did not quantify the amount of liver treated as well as
assess the safety of re-treatment.

Table 4. Prognostic factors evaluated to determine and asso-
ciation with increased toxicity. Fisher exact test was used for
nominal characteristics such as gender and tumor distribution
and Kruskal Wallis test was used for the remaining continuous
characteristics.

P-Values for Prognostic Factors

Variable P-Value
Gender 0.95
Age 0.24
MELD 0.04
Total Dose 0.7
Shunt 0.82
Treatment Distribution 0.67
Treatment Volume 0.64
ALBI 0.31
Total Liver Volume 0.57
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The present study demonstrated acceptable efficacy and safety for
repeat radioembolization treatment to the similar hepatic arte-
rial territories. Both repeat lobar as well as segmental treatments
were evaluated for post procedure toxicity as well as therapeutic
response. The study did not identify any major toxicity from
repeat treatments as all toxicities were graded two or less. Addi-
tionally, no instances of RILD were observed, likely reflecting the
safety of repeat treatments when less than whole liver treatment
is pursued. This is further explained by looking at the proportion
of treated liver to whole liver. The study found that after repeat
treatment the proportion of treated to whole liver was 0.58 and
after initial treatment was 0.65, likely indicative of contra lateral
hypertrophy of the untreated liver following initial radioemboli-
zation. By treating a smaller proportion of liver, there was likely
a larger reserve volume that could have compensated for liver
function. The study also investigated for potential prognostic
factors and found only an increased MELD score as a signifi-
cant risk factor for post-treatment toxicity. This finding is likely
explained by the fact that MELD score is a predictor of liver
disease severity and therefore those with higher MELD scores
are susceptible to adverse outcomes from limited hepatic reserve.
Of note, total activity and treatment volume were not statistically
significant predictors of adverse events.

In addition to toxicity, the efficacy of repeat treatment was also
evaluated. In the total repeat treatment cohort (segmental and
lobar), 73% (n = 19/26) had a complete response on imaging
while 23% (n = 6/26) had partial response and 4% (n = 1/26) had
tumor progression. This favorable response profile was observed
without a significant change in toxicity in repeat treatment in
repeat lobar and segmental treatment.

This study is limited by many factors, including those inherent
to a study with a retrospective design and limited sample size. A
larger sample size would be paramount in developing a stronger
statistical analysis regarding prognostic factors. Furthermore,
the chronic long-term effects of repeat treatment were not inves-
tigated (6 months past treatment). Patient data past 6 months
was not reported given lack of ideal follow-up to evaluate long-
term toxicity profile. Additionally, this study is limited to radi-
oembolization using glass microspheres. These findings may
not be applicable to those using resin microspheres with respect
toward repeat safety and toxicity.

In conclusion, repeat radioemoblization using glass micro-
spheres to the same hepatic arterial territory can be performed
with an acceptable safety profile and objective tumor response
in patients receiving either repeat lobar or segmental treatment
as long as whole liver treatment is avoided. There are predictable
prognostic factors such as an elevated MELD score that may
caution physicians when deciding to administer repeat treat-
ment. Variation in MELD score which measures the change in
MELD score pre- and post-procedure can also be considered
in future studies to evaluate deterioration of liver function with
TARE." Larger samples are needed to better elucidate other
prognostic factors that can be used to predict repeat treatment
toxicity.
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