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Abstract

Purpose: Our purpose was to retrospectively evaluate the safety and efficacy of transarterial hepatic radioembolization (TARE) treatment
with yttrium-90 labeled glass microspheres in patients with chemotherapy-refractory breast cancer with liver-dominant metastatic disease.
Methods and Materials: This retrospective single-institution study evaluated 31 female patients (mean age of 59.6 £ 13.2 years) who were
treated with TARE. All patients received and progressed on systemic chemotherapy before TARE. Twenty-one patients also had extrahepatic
metastases, including 13 patients who had metastases in bones only besides the liver. Survival data were analyzed by Kaplan-Meier method
and compared using log-rank test. Imaging response to treatment was determined by Response Evaluation Criteria in Solid Tumors.

Results: Median overall survival (OS) from the TARE was 13 months (95% confidence interval, 9.1-16.9 months). The survival
probability at 1, 2, and 3 years was 60.1%, 36.7%, and 24.5%, respectively. The median hepatic progression-free survival was 7 months
(95% confidence interval, 6.1-7.9 months). There was no 30-day mortality and 3 patients (9.4%) had grade 3 toxicity. Estrogen receptor
(ER) positive status predicted prolonged survival (14 months for ER+ vs 9 months for ER-; P = .028). Patients who had bone-only
extrahepatic disease had higher OS than patients with extraosseous metastases (23 vs 8 months, P = .02). At the 3-month follow-up the
radiographic objective response rate was 46.6% and disease control rate was 70%.

Conclusions: The treatment of patients with liver-dominant chemotherapy-refractory breast cancer metastases with TARE using
yttrium-90 labeled glass microspheres is safe and led to promising hepatic disease control and OS especially in patients with ER+
tumors and in patients without extrahepatic extraosseous metastases.

© 2021 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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5-year survival exceeding 99%.” Unfortunately, despite
advances in adjuvant therapies, breast cancer metastases
will develop in 20% to 50% of patients, with bone, liver,
and lungs being the most common sites.”” Autopsy
reports show liver metastasis in 60% of patients with breast
cancer.’ Patients with metastatic breast cancer have a poor
prognosis, with a 5-year survival of only 20% to 25%.”

Available treatment options for patients with breast
cancer with liver metastases are limited. Surgical resection
of liver metastases has not been widely adopted because
only 10% to 20% of patients are surgical candidates due to
the presence of multisegmental liver disease at the time of
diagnosis and due to the high recurrence rate of up to
67% after resection.”” Palliative systemic chemotherapy
is the standard approach to treat metastatic breast cancer.
However, in most cases the metastases develop resistance
to systemic therapies and the treatment of chemo-refrac-
tory breast cancer liver metastases remains a clinical
dilemma. In these patients, liver-directed therapies can be
used to reduce tumor burden, ameliorate right upper
quadrant pain, preserve or improve liver function, and
slow disease progression.'’

Available liver-directed treatments of breast cancer
metastases include image-guided thermal ablations (cry-
oablation, radiofrequency ablation, and microwave abla-
tion), transarterial chemoembolization (TACE), and
transarterial radioembolization (TARE). Image-guided
thermal ablations of liver metastasis are limited to
patients with oligometastatic disease (<5 metastasis) with
lesions smaller than 3 cm in size. There are no data as to
which subpopulations of patients with breast cancer can
benefit from liver tumor ablations, and recent meta-analy-
sis showed better survival after resection compared with

radiofrequency ablation.'"'* Therefore, ablation is

reserved for patients who are not surgical candidates.
TACE and TARE are more suitable for treating patients
with multifocal liver metastasis due to lobar administra-
tion of the embolic materials. During conventional TACE
chemotherapy drugs are administered with ethiodized oil,
while in TACE, with drug-eluting beads, the chemother-
apy drug is loaded into embolization microparticles."
TARE involves lobar or segmental intra-arterial adminis-
tration of microspheres loaded with the high energy beta
ray emitting yttrium-90 (Y90) isotope.'*

In the last 13 years, multiple retrospective studies have
addressed the effectiveness and safety of TARE with Y90
microspheres in patients with breast cancer liver metasta-
ses (Table 1).1°%° Although there is a lack of randomized
prospective trials and the overall number of patients in
the published retrospective studies was relatively low,
TARE is now considered a safe and effective palliative
liver-directed therapy to control hepatic tumor progres-
sion and improve survival. A meta-analysis of 12 studies
published between 2007 and 2018 reported an estimated
mean survival of 11.3 months in patients with metastatic
breast cancer treated with TARE.”

There are 2 Y90-labeled microspheres available for
radioembolization with different physical characteristics
and activity calculation models."* Most of the prior studies
included patients treated with Y90-labeled resin micro-
spheres or included patients treated with either Y90-
labeled resin or glass microspheres. Most of these studies
demonstrated median overall survival (OS) between 8 and
15 months (Table 1). The only study that included
patients exclusively treated with Y90-labeled glass micro-
spheres reported a limited median OS of 6.6 months.*

Table 1  Prior studies on radioembolization of breast cancer liver metastases
Reference Year Number of patients Mean age (years) Microsphere Median OS (months)
Coldwell et al*® 2007 44 58 Resin Not reported
Bangash et al'® 2007 27 52 Glass 6.8 (ECOG 0)
2.6 (ECOG 1-3)
Stuart et al'’ 2008 7 N/A Resin 11.9*
Jakobs et al*® 2008 30 58 Resin 9.6
Haug et al'’ 2012 58 58 Resin 10.8
Cianni et al*° 2013 52 57.5 Resin 11.5
Saxena et al*’ 2014 40 54.4 Resin 13.6
Gordon et al** 2014 75 53.7 Glass 6.6
Bagni et al*’ 2015 17 59.2 Resin 13.5
Fendler et al** 2016 81 61 Resin 8
Pieper et al* 2016 44 56.1 Resin and glass 6
Deipolyi et al*® 2018 31 52 Resin and glass 11
Chang et al”’ 2018 30 55 Resin and glass 12.9
Deipolyi et al*® 2020 30 51.5 Resin and glass 15
Davisson et al" 2020 24 57 Resin and glass 354
Cheng et al*’ 2020 20 62 Resin 14.3

Abbreviations: ECOG = Eastern Cooperative Oncology Group; OS = overall survival.
* Mean OS; median OS not reached.
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The purpose of this study was to evaluate the safety Table2 Demographic characteristics of patients
and efficacy of TARE using Y90-labeled glass micro-
spheres in patients with liver-dominant chemotherapy- - %
refractory breast cancer liver metastases. Age in years (mean = standard deviation)
65.5+11.2
Sex
Methods and Materials Male 0 0
Female 31 100
. ECOG
Patients 0 10 323
1 18 58.1
This was an institutional review board—approved, single 2 2 6.5
institution, retrospective study. Review of our institution’s SR . 1 32
electronic medical records and imaging system identified Distribution of hepatic metastases
.. . . . Unilobar 9 29
31 eligible female patients with breast cancer with chemo- X
. . Bilobar 22 71
refractory hepatic metastases who underwent TARE using Genetic markers
glass microspheres (TheraSphere; Boston Scientific, Marl- ER+ 25 306
borough, MA) between May 2010 and August 2019. All PR+ 21 67.7
patients had hepatic tumor progression after systemic che- Her-2+ 5 16.1
motherapy. Seventeen patients received 1 prior line chemo- Extrahepatic metastasis
therapy, 12 patients got 2 lines of chemotherapy, 1 patient No 10 32.3
received 3 lines, and 1 patient received 9 lines of chemo- Yes 21 67.7
therapy. Patients were selected for TARE by a multidisci- Bone only 12 38.7
plinary tumor board. Criteria for receiving TARE LElbilos s =+ bone 2 29.0
treatment included liver-dominant metastases that pro- Previous chemotherapy
. Yes 31 100
gressed on at least 1 line of chemotherapy, Eastern Cooper- - @ -
ative Oncology Group (ECOG) performance status of <2, L .
o T Previous liver-directed therapy
total serum bilirubin <2 mg/dL, serum creatinine Yes 5 16.1
<2 mg/dL, and international normalized ratio and platelet No 26 83.9
count correctable to <1.5 and >50,000/L, respectively. Liver-directed therapy after TARE
Liver-dominant disease was defined when the liver involve- Yes 8 25.8
ment was likely the survival limiting factor for the patient. No 23 74.2
Patient demographics are summarized in Table 2. The Abbreviations: ECOG = Eastern Cooperative Oncology Group;
study included 31 females with a mean age of 59.6 + ER = estrogen receptor; Her-2 = human epidermal growth factor
13.2 years. Bilobar disease was present in 22 patients and the receptor 2; PR = progesterone receptor; TARE = transarterial
radioembolization.
receptor status for estrogen receptor (ER), progesterone

receptor (PR), and human epidermal growth factor recep-
tor-2 (Her-2) was positive in 25, 21, and 5 cases, respectively.
Three triple-negative and 4 triple-positive patients were
included in the current study. Extrahepatic metastases were
present in 21 patients, and 13 of them had metastases in
bones only besides the liver. Five patients received other
liver-directed treatments before TARE, which included sur-
gical resection in 2 patients and external radiation therapy
in 3 patients. Eight patients underwent other liver directed
treatments after the TARE, which included bland emboliza-
tion in 2 patients, repeated TARE in 2 patients, TACE in 2
patients, and percutaneous ablation in 2 patients. The
median follow-up period between the first TARE and the
date of last visit/death was 12 months (range, 2-44 months).

Radioembolization procedure

Planning angiogram and TARE were performed, and
outcomes are reported according to the Society of

Interventional Radiology guidelines.”" All patients under-
went planning angiogram 1 to 3 weeks before TARE to
evaluate tumor-feeding vessels and anatomic variants,
and technetium-99m macroaggregated albumin was
injected into the hepatic arteries to determine lung shunt
fraction measured by scintigraphy immediately after the
angiogram. Calculation of the prescribed activity was per-
formed in compliance with international consensus
guidelines using the medical internal radiation dose equa-
tion as provided by the manufacturer of Y90-glass micro-
spheres.’ In patients who had bilobar disease the left and
right lobes were treated separately, approximately 4 to 7
weeks apart.

Clinical outcome measures

OS was calculated from the date of the first TARE
treatment to last encounter or death. Survival probabilities
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were calculated for 1-, 2-, and 3-year time points. Clinical
and laboratory toxicities were assessed at 3-month follow-
up after the TARE. Clinical toxicity was defined as subjec-
tive reporting by the patient of pain, fatigue, gastrointesti-
nal symptoms (anorexia, nausea, vomiting), or other.
Toxicities were defined according to the Common Termi-
nology Criteria for Adverse Events scoring system (ver-
sion 5.0). Model for end-stage liver disease (MELD)
scores were calculated to assess postembolization liver
toxicity. Tumor response was evaluated at 3 months after
the TARE using Response Evaluation Criteria in Solid
Tumors (RECIST 1.1).*

Statistical analysis

Statistical analysis was performed with IBM SPSS Sta-
tistics version 25 (IBM Corporation, Armonk, NY). Data
are presented as mean =+ standard deviation. The proba-
bilities of actuarial OS and HPFS were calculated by the
Kaplan-Meier method with the last date of contact or
death used for censoring. The log-rank test was used to
evaluate the effect of clinical factors and patient character-
istics on disease outcome. A P value of .05 was taken as
significant.

Results

Radioembolization treatment

The mean time from the diagnosis of liver metastasis
to the TARE treatment was 27.3 & 20.3 months (median,
20.1 months). Nineteen patients had bilobar treatment,
10 patients had unilobar treatment, and 2 patients had
segmental TARE. The average delivered dose to the
treated liver volume was 172.2 £+ 1154 Gy, and the
median delivered dose was 129.3 Gy (range, 92.3-717.6
Gy). The average lung shunt was 4.46 £ 0.02% (median,
3.9%).

Survival outcomes

At the time of data analysis 8 patients were still alive
and 23 were deceased. The median OS from the date of
TARE was 13 months (95% confidence interval [CI], 9.1-
16.9 months) (Fig 1A). The 1-, 2-, and 3-year survival
probability was 60.1%, 36.7%, and 24.5%, respectively.
The median hepatic progression-free survival (HPFS) was
7 months (95% CI, 6.1-7.9 months) (Fig 1B).

Median OS for patients with ER+ tumors was signifi-
cantly higher compared with ER- patients (14 vs 9
months, P = .028) (Fig 2A). Patients with PR+ tumors
had longer median OS compared with patients with PR-

tumors, but the difference was not statistically significant
(14 vs 9 months, P = .24) (Fig 2B). The Her-2 status of
the tumor had no effect on survival; however, only 5
patients had Her-2 positive tumors (Table 3). Patients
with unilobar disease had a longer OS of 30 months com-
pared with 12 months in patients with bilobar disease;
however, the difference was not statistically significant
(P = .28) (Table 3). There was no significant difference in
median OS of patients without or with extrahepatic
metastases (14 vs 12 months, P = .22) (Fig 3A). However,
patients with bone-only extrahepatic disease had longer
median OS than patients having other extrahepatic metas-
tases (23 vs 8 months, P = .02) (Fig 3B).

There was no significant correlation between median
OS and baseline ECOG performance status (P = .09),
albumin-bilirubin score (P = .9), and MELD score
(P =.12) (Table 2). There was no difference in median OS
when comparing patients who had decreased cancer anti-
gen 15-3 (CA15-3) after TARE to patients who had
increased CA15-3 after TARE (Table 3). Patients who
received liver-directed therapy after TARE had signifi-
cantly longer median OS then patients who did not
receive any liver-directed therapy after TARE (30 vs 12
months, P =.049) (Table 3).

Radiographic tumor response

Baseline and follow-up contrast-enhanced cross-sec-
tional imaging were available for 30 patients (96.7%). The
radiographic responses at 3 months were evaluated by
RECIST criteria, which showed complete response in 1
patient (3.3%), partial response in 13 patients (43.3%),
stable disease in 7 patients (23.3%), and progressive dis-
ease in 9 patients (30%) with objective response rate
(complete and partial response) of 46.6% and disease con-
trol rate (complete and partial response plus stable dis-
ease) of 70%. There was no difference in median OS
between patients who had objective response after TARE
and patients who did not (Table 3).

Clinical and biochemical toxicities

After TARE the 30-day mortality was 0%. Grade 3 clini-
cal toxicity was noted in 3 patients (9.4%), necessitating
hospitalization for pain (2 patients), and newly developed
ascites required paracentesis in 1 patient. Laboratory values
at the 3-month follow-up were available in 29 of the 31
patients: 1 patient died 2 months after the first treatment
and another patient’s follow-up was done at an outside
institution and laboratory data were not available. Mild
(grade 1-2) biochemical toxicities were noted in 24 patients.
Alkaline phosphatase was elevated in 18 patients, albumin
level was below normal in 7 patients, and bilirubin level was
elevated in 1 patient at 3-month follow-up. No grade 3 or
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Fig. 1 Overall survival (OS) and hepatic progression-free survival from radioembolization treatment. (A) Median OS from the radio-
embolization treatment was 13 months (95% confidence interval [CI], 9.1-16.9 months). (B) Hepatic progression-free survival from the

radioembolization treatment was 7 months (95% CI, 6.1-7.9 months).

higher biochemical toxicities were detected. The MELD
score at 3 months was not significantly different compared
with baseline (6.84 + 1.68 vs 6.96 = 1.61, P = .45).

Discussion

The treatment of chemotherapy-resistant breast cancer
liver metastasis is challenging, and different liver-directed
therapies were tried in this setting. One of the largest

studies included 176 patients with chemotherapy-resistant
breast cancer liver metastasis who underwent intra-arte-
rial hepatic infusion of mitomycin C.”* The study
reported 7.6 months median OS and 17.5% severe, grade
3 or 4, adverse events.”

Liver-directed embolization therapies like TACE and
TARE are increasingly popular treatment choices in
patients with chemotherapy-refractory breast cancer with
unresectable liver-dominant metastases. The study of Li
et al” reported significantly improved survival of patients
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Fig. 2 The effect of hormone receptor status on overall survival (OS) after radioembolization treatment. (A) Median OS of patients
with estrogen receptor positive (ER+) versus negative (ER-) status (14 vs 9 months; P = .028). (B) Median OS of patients with progester-
one receptor positive (PR+) versus negative (PR-) status (14 vs 9 months; P = .23).

treated with TACE compared with systemic chemother-
apy; the 1-, 2- and 3-year survival rates were 63.04%,
30.35%, and 13.01% for TACE and 33.88%, 11.29%, and
0% for systemic chemotherapy. TARE is generally better
tolerated by patients than TACE. TARE was associated
with better quality-of-life scores compared with TACE in

patients with hepatocellular carcinoma.’® In a retrospec-
tive comparative study, Chang et al’” reported fewer side
effects in patients with breast cancer treated with TARE
compared with TACE and also demonstrated a numerical
trend for longer survival after TARE compared with
TACE (12.9 vs 4.6 months), but the difference in survival
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Table 3 Univariate analysis between variables and
overall survival

Log rank analysis
Variables (n) Median 95% CI P value
survival
(months)

Age

<60 years (15) 10 6,14 3

>60 years (16) 23 7,37
ECOG

0and 1 (28) 13 9,37 22

2and 3 (3) 4 4,35
Distribution of hepatic

metastases

Unilobar (9) 30 4,43 28

Bilobar (22) 12 7,23
ER status

ER+ (25) 14 8,37 .028

ER- (5) 9 2,13
PR status

PR+ (21) 14 8,37 23

PR- (9) 9 2,43
Her-2 status

Her-+ (5) 14 9,43 7

Her-2- (24) 12 7,37
Extrahepatic metastases

No (10) 14 4,44 22

Yes (21) 12 7, 30
Extrahepatic extraosseous

metastases

No (12) 23 7,37 .02

Yes (9) 8 3,12
Previous liver-directed therapy

Yes (5) 12 7,37 8

No (26) 23 7,30
Liver-directed therapy

after TARE

Yes (8) 12 7,14 .05

No (23) 30 4,44
Radiographic (RECIST)

objective response

Yes (14) 12 7,43 8

No (16) 13 6, 30
Abbreviations: CI = confidence interval; ECOG = Eastern Coopera-
tive Oncology Group; ER = estrogen receptor; Her-2 = human epi-
dermal growth factor receptor 2; PR = progesterone receptor;
RECIST = Response Evaluation Criteria in Solid Tumors;
TARE = transarterial radioembolization.

was not statistically significant. Several studies reported
TARE treatment of patients with metastatic breast cancer
with median OS ranged from 6 to 35.4 months.”*’
Although data from these studies should be interpreted
with caution due to the retrospective nature and heteroge-
neity of the methodology in the reports, most studies
reported median OS of 10 months or longer from time of
TARE, and the treatment had minimal toxicity
(Table 1)."°2° These median OS values are respectable in

these heavily pretreated patients who had liver progres-
sion despite receiving systemic chemotherapy. On the
other hand, the only study where Y90-labeled glass micro-
spheres were used reported median OS of only 6.6
months.””

The current study on 31 patients with breast cancer with
unresectable, chemotherapy-refractory liver metastases
who underwent TARE with Y90-labeled glass microspheres
demonstrated a median OS of 13 months and a HPFS of 7
months. These survival data are comparable to those
reported in previous studies using Y90-labeled resin or a
combination of resin and glass microspheres (Table 1).">'
~212°72% However, our results are different than the largest
study on Y90-labeled glass microspheres where 75 patients
with breast cancer were treated and reported 6.6 months
median OS.”” Their 30-day mortality was also higher at 4%
and grade 3 to 4 clinical toxicity was 7.5%. The significant
discrepancy in median OS in comparison to the current
study may be related to the differences in patient selection.
Gordon at al** included patients with life expectancy of
more than 2 months, while in our institution, patients with
life expectancy of less than 6 months are not eligible for
TARE. There were also 3 patients who died within 30 days
after TARE in the study of Gordon et al, which is an unusu-
ally high 30-day mortality in a TARE study. In the current
study, there was no 30-day mortality and the incidence of
severe, grade 3 or 4, adverse events was 9.4%, comparable to
other TARE studies in patients with breast cancer.'>'”*
The 3 patients who developed grade 3 toxicity received bilo-
bar treatment, which is a prognostic factor for adverse
events.”” It should also be noted that treatment with TARE
showed evidence of antitumor efficacy as illustrated by a 3-
month objective response rate of 46.6%, and 1 patient had
complete clinical response. The median OS and toxicity
numbers compare favorably to intra-arterial hepatic infu-
sion therapy with reported 7.6 months median OS and
17.5% severe adverse events.”* Notwithstanding the lack of
correlation between tumor response and improvement in
OS, patients in imminent visceral crisis from progression of
liver disease should be considered for TARE.

There were several factors that were associated with
longer survival after TARE. Our study confirmed the
results of Davisson et al,'” who demonstrated that ER+
status is a positive predictor for prolonged survival, while
PR and Her-2 status had no significant effect. Patients
with unilobar disease had longer median OS than patients
with bilobar disease, but this difference didn’t reach statis-
tical significance, likely due to low number of patients.
Similar to the study by Davisson et al,"’ radiographic
response measured by RECIST had no predictive value
for survival; there was no difference in the median OS of
patients who had objective response and those who did
not. This can be explained by the fact that the disease con-
trol rate was high (70%). In addition, RECIST could have
underestimated true response because it is an anatomic
measurement. Deipolyi et al® reported a correlation
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between imaging response and survival in patients with
breast cancer treated with Y90-labeled resin microspheres,
but in that study positron emission tomography-com-
puted tomography was used to evaluate tumor response.
Several studies that evaluated the role of TARE in the
treatment of liver metastases showed correlation between
patients” performance status and survival. In the current

patient cohort, 28 patients (90%) had ECOG 0 or 1 per-
formance status; therefore, statistical correlation could
not be found. Davisson et al'” also reported that radioem-
bolization within 6 months of hepatic metastasis diagnosis
is a positive predictor of prolonged survival. In the current
study, the median time from diagnosis of liver metastasis
to TARE was 20.1 months and only 2 patients (6%)
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received TARE within 6 months of liver metastasis diag-
nosis, while in the study of Davisson et al 10 patients
(42%) underwent TARE within 6 months after the liver
metastasis diagnosis. These data highlight the differences
in patient selection among institutions and may explain
the excellent post-TARE median OS of 35.4 months in
the study of Davisson et al."”

Interestingly, the current study showed that patients
who received other liver-directed therapy after TARE had
longer median OS than patients who did not. This could
be explained by survivorship bias; patients who were able
to receive additional liver-directed therapy later in the
course of the disease could have a slower progressing dis-
ease. There was no significant difference in OS between
patients with and without extrahepatic disease. However,
patients who had bone-only extrahepatic disease had
higher OS (23 months) than patients having other extra
hepatic disease (8 months), including patients having
simultaneous bone and extraskeletal metastases. This is in
line with the fact that bone metastases are rarely the cause
of mortality in patients with breast cancer.

The present study has several limitations. This is a ret-
rospective, single institution study without a control group.
Criteria for TARE treatment could vary between our insti-
tution and others, as decisions are made by a multidisci-
plinary tumor board regarding the best available treatment.
Therefore, selection bias may have skewed the results. The
study did not account for differences in pre- or posttreat-
ment chemotherapy and other treatments, which may rep-
resent a confounding bias, in addition to other factors such
as menopausal status and comorbid conditions that may
have contributed to the disease outcome. Lastly, the small
number of patients does not allow identification of all the
prognostic factors that may influence survival.

In conclusion, TARE using Y90-labeled glass micro-
spheres has a favorable toxicity profile and provided 70%
hepatic disease control rate in patients with breast cancer
with liver-dominant chemotherapy-refractory metastases.
ER+ status and lack of extrahepatic extraosseous metasta-
sis were associated with longer median OS. The results of
the current study with Y90-labeled glass microspheres are
similar to previously published results with Y90-labeled
resin microspheres. A future prospective randomized trial
is warranted to confirm efficacy of radioembolization
treatment and to identify prognostic factors that influence
survival in patients with breast cancer with liver-domi-
nant chemotherapy-refractory metastases.
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