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Abstract

Purpose: To determine the relationship of tumoral and nontumoral radiation dose to response
and toxicity after transarterial radioembolization (TARE) of breast cancer liver metastasis.

Methods: This retrospective study evaluated all patients with breast cancer liver metastases
treated with TARE (2/2011—6/2019). Extent of disease was measured as unilobar or bilobar

on baseline PET/CT prior to TARE. Response was assessed for targeted regions with modified
PERCIST criteria on first follow-up PET/CT. Tumoral and nontumoral liver dosimetry was
evaluated by performing volumetric segmentation on post-TARE Bremsstrahlung SPECT/CT.
>Grade 3 hepatotoxicity was defined as >grade 3 bilirubin/AST/ALT elevation or ascites requiring
intervention. Fisher’s exact tests, Wilcoxon rank sum tests, and Kaplan-Meier survival analysis
were performed.
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Results: Among 64 women, 60 patients had pre- and post-TARE PET/CT, of whom 46/60

(77%) achieved objective response (OR). Responders received higher tumoral dose with a median
(interquartile range) of 167 (96_217) vs. 54 (45_62) Gy (p<0.001). =Grade 3 hepatotoxicity
occurred in 8/64 (12.5%) and was associated with higher pre-treatment bilirubin levels of 0.9
(0.9__1.1) vs. 0.5 (0.4_0.7) mg/dL (p=0.013). Median overall survival (OS) was 11 (95% ClI
10—19) months. Bilobar disease (Hazard Ratio [HR]: 2.77, 95% CI 1.11—6.89, p=0.028) and
elevated pre-TARE AST (HR 1.02, 95% CI 1.01—1.03, p<0.001) were independently associated
with shorter survival. >Grade 3 hepatotoxicity was associated with reduced survival (p<0.001). OR
was associated with longer OS of 17 months, compared with 10 months (p=0.027).

Conclusion: In TARE for breast cancer liver metastasis, higher tumoral radiation dose (>79.5
Gy) was associated with OR, which was associated with longer survival. Pre-existing liver
dysfunction was associated with hepatotoxicity, which was associated with decreased survival.

Keywords
Radioembolization; breast cancer; dosimetry; hepatotoxicity

Introduction

Yttrium-90 (Y90) transarterial radioembolization (TARE) is an emerging locoregional
therapy for liver-dominant metastatic breast cancer [1]. Breast cancer patients with objective
response (OR) after TARE live longer than those without OR [2]. Though most patients
achieve OR [3], TARE causes up to 10% rate of >grade 3 adverse events [4-6]. Reliable
predictors of OR are unknown, limiting patient selection and potentially putting patients at
unnecessary risk of toxicities.

The impact of radiation dose to tumor on response and survival after TARE has been

studied in hepatocellular carcinoma (HCC) and colorectal cancer. In these diseases, tumoral
doses exceeding approximately 100 Gy are associated with OR and doses exceeding
approximately 200 Gy are considered tumoricidal. In colorectal cancer, >40—60 Gy tumoral
dose was associated with >50% reduction in metabolic activity [7]. In one colorectal cancer
patient, dose to different portions of tumor was evaluated, suggesting a 100-Gy threshold

to prevent future progression [8]. In infiltrative HCC, tumor dose >100 Gy predicted longer
survival [9], and >110 Gy has been associated with 75% OR rate by enhancement-based
imaging criteria [10]. A high percentage of pre-transplant patients achieved complete
pathologic necrosis when >190 Gy was administered to tumor [11]. This “tumoricidal”
target was validated prospectively using mRECIST criteria, identifying a 200-Gy threshold
[12], and by a retrospective study showing >205-Gy was associated with significantly longer
progression-free survival [13].

Whereas higher doses to tumor are associated with better responses, increased dose to
normal liver parenchyma is associated with hepatotoxicity. There is conflicting data in
studies of HCC regarding dose thresholds for radiotoxicity: one study reported a 100-Gy
threshold in Okuda stage I/11 patients [14]; another report suggested a threshold of 75 Gy
in Child-Pugh A patients [15]; whereas, another study of Child-Pugh A and B patients
suggested a 54-Gy threshold [16]. In another study, a dose to normal liver parenchyma
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>52 Gy was associated with a 50% probability of =grade 2 hepatotoxicity [10]. One TARE
guideline statement for both HCC and metastatic tumors suggested an overall dose threshold
goal of >120 Gy to tumor, and a limit of <50—70 Gy to normal parenchyma [17].

The relationship of radiation dose to post-TARE outcomes has not been addressed in
patients with breast cancer. The hypothesis was that radiation dose to tumor is associated
with imaging response, whereas dose to nontumoral liver is associated with hepatotoxicity.
Specifically, higher tumoral radiation dose was hypothesized to correlate with objective
metabolic imaging response, and higher dose to nontumoral liver was hypothesized to
correlate with grade 3 and higher elevation of liver function tests, ascites requiring drainage
or aspiration, and potentially radiation-induced liver disease. This study’s purpose was to
determine the relationship of radiation dose to imaging response, survival, and toxicity after
TARE of breast cancer liver metastasis.

Materials and Methods

Study design and patient population

This retrospective single-center study reviewed all breast cancer patients who underwent
TARE of liver metastases (2/2011—6/2019). This research was partly funded through the
NIH/NCI Cancer Center Support Grant P30 CA008748, and the Breast Cancer Research
Foundation. Informed consent was waived for this Health Insurance Portability and
Accountability Act-compliant, institutional review board-approved study. Indications for
TARE were intolerance of systemic therapy or liver-predominant disease progression on
systemic treatment with ineligibility for resection or ablation. Additionally, extrahepatic
metastasis must have been stable or decreasing in size or metabolic activity. The number
of systemic therapy lines received and anticoagulant/antiplatelet treatment within 6 months
of TARE were abstracted from medical charts. Images were reviewed for hepatic burden
(bilobar or unilobar) and number of extrahepatic organs involved by metastasis.

Radioembolization technique

TARE was performed [3] using glass (TheraSpheres, MDS Nordion, Ottawa, Ontario,
Canada) or resin microspheres (SirSpheres, Sirtex SIR-Spheres Pty Ltd., Lane Cove,
Australia) based on operator preference. Glass dosimetry targeted a 120-Gy dose using the
medical internal radiation dosimetry model; resin dosimetry applied calculations based on
body surface area and tumor volume. Systemic therapy was held at least +1 week of TARE.

Absorbed dose estimation

A bremsstrahlung SPECT/CT-based semi-quantitative method estimated absorbed dose in
tumoral and nontumoral parenchyma [9] (Figure 1). SPECT/CT performed within 6 hours
of TARE was loaded into Hybrid Recon v1.1.2 (Hermes Medical Solutions, Stockholm,
Sweden). The liver and tumors were manually segmented on SPECT/CT referencing pre-
procedural by a radiologist blind to patient outcomes.
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The total number of counts was computed in the whole liver and segmented tumor volumes.
Whole liver total count was equated to total activity delivered to the liver, considering the
lung shunt fraction (LSF). Activity for tumor volume was calculated [9]:

Y90 Counts
Y90 Ratiogmor = tumor volume

Y90 Countsyhole liver

Y90 Activitygumor = Y90 Ratiogymor X (1 — LSF) X Y90Activitygelivered

The activity for nontumoral liver parenchyma was estimated:

Y90 Activitypormal liver = (1 — LSF) X Y90 Activitydelivered — Y90 Activityyymor

Because of the average range of p-particles (main contribution to absorbed dose) and

low SPECT/CT resolution, p-particle energy emitted within a voxel range is considered
absorbed within the same voxel range [18]. Absorbed dose in each volume was computed
by multiplying the activity concentration by a constant, 50 Gy+kg/GBq [19]. A liver tissue
density constant of 1.03 g/cm3 was applied to convert volume to mass:

50 X Y90Activit
Y90Dosesymor = Ytumor volume

Masstumor volume

and

50 X Y90Activitynormal liver

Y90Dosenormal Liver = MasSpormal liver

Assessment of response and survival

Patients were followed with laboratory assessment at 2 and 4—6 weeks, and then as needed.
Imaging was performed at approximately 3-month intervals. PERCIST criteria [20] were
modified to score response in targeted hepatic regions by two radiologists blind to dosimetry
characteristics of the treatment. OR was defined as complete or partial response, quantified
as at least 30% reduction in metabolic activity, comparing the first post-TARE PET/CT to
the most recent pre-TARE PET/CT.

Toxicity assessment

Total bilirubin, AST, ALT, and platelet count were recorded from within 1 week of TARE
until death or loss of follow up. Chart review determined whether ascites developed
requiring aspiration or drainage after TARE. >=Grade 3 hepatotoxicity was defined as AST,
ALT, or total bilirubin elevation by =3x baseline, platelet count <50x10%/L, or ascites
requiring intervention, within 6 months of TARE [21]. Five patients developed >grade 3
hepatotoxicity due to hepatic or peritoneal progression and were not attributed to TARE.
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Statistical analysis

Results

Primary endpoints were imaging response and measures of hepatotoxicity. Secondary
endpoints included overall survival (OS). Radiation dose and other clinical factors were
summarized descriptively and evaluated for association with response and hepatotoxicity
using Fisher’s exact or Wilcoxon rank sum tests. Means were presented as meanzstandard
deviation. Due to small samples, multivariable analysis was not performed for response
or hepatotoxicity. OS was calculated from the date of TARE until the date of death or

last follow-up visit, and estimated using Kaplan-Meier methods. Radiation dose and other
clinical factors were evaluated for association with OS using Cox proportional hazards
regression. Multivariable analysis was performed on factors with p<0.05 in univariable
analysis.

A landmark analysis (landmark time of 2 months after TARE) estimated the relationship
between OR and OS, because OR was not determined until the first follow-up scan. Analysis
excluded patients without imaging response assessment (n=4) or who were not followed for
at least 2 months (n=2). Hepatotoxicity was evaluated as a baseline variable since median
interval to hepatotoxicity was 5 days (IQR 0—10).

Receiver operating characteristic (ROC) curve analysis [22] assessed whether radiation
dose differentiated patients with and without OR. The area under the curve (AUC) was
computed using the trapezoidal rule and used as a summary measure of discrimination.
Optimal radiation dose threshold was identified using Youden’s index, maximizing the sum
of sensitivity and specificity [23]. Analysis was by statisticians (MH, CM) using R, version
3.6.1 (R Foundation for Statistical Computing, Vienna, Austria). A p value <0.05 was
considered significant.

Sixty-four women with metastatic breast cancer, of mean age 51+11 years (range: 29—76),
were treated with TARE (Table 1). Of the 64 patients, 73% were estrogen receptor-positive,
56% were progesterone receptor-positive, and 17% were HER2-positive. Forty-eight/64
(75%) had bilobar disease (Table 1). Ten (16%) patients had only liver metastases, 16
(25%) had 1 other site of metastatic organ involvement, 17 (27%) had 2 other sites, and 21
(32%) had more than 2 other sites. Nineteen/64 (30%) patients were on anticoagulation or
antiplatelet therapy within 6 months of TARE.

Glass microspheres were used in 42 patients (66%) and resin microspheres in 22 patients
(34%). The average activity administered was 31.58+12.21 mCi for resin and 89.31+46.5
mCi for glass treatments. Of 22 resin microsphere treatments, 6 (27%) did not receive the
full prescribed dose due to early stasis. Mean LSF was 4+2% (range 0—10%). Overall
median dose to tumor was 136 Gy, and median dose to normal liver parenchyma was 68 Gy.

Sixty/64 (94%) patients had response assessment by modified PERCIST. PET/CT was
performed on average 33+28 days before and 57+54 days after TARE. Among the 60
patients with imaging response assessment, 46 (77%, 95% CI 64—86%) achieved OR,
demonstrating a 30% or greater reduction in metabolic activity (Table 2). Among the
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patients with response assessment, 42/46 who had OR and 12/14 without OR had post-
TARE SPECT/CT allowing for estimation of tumoral and nontumoral radiation dose.
Patients with OR had higher median dose delivered to tumor (167 Gy) compared to

patients without OR (54 Gy) (p<0.001). The patients with OR received higher dose
delivered to nontumoral liver parenchyma (85 Gy) compared to patients without OR (32 Gy)
(p=0.002). Treatment with glass microspheres was associated with significantly higher OR
(92%) compared to resin microspheres (45%) (p<0.001). Patients with fewer extrahepatic
metastatic organs involved were more likely to have OR than those with more sites
(p=0.014). Other factors, such as hormone receptor status, anticoagulant therapy, pre-TARE
liver function tests, number of prior systemic therapies, and extent of hepatic metastasis, did
not significantly impact imaging response.

The radiation dose AUC was 0.916 (95% CI 0.841—0.991). At a threshold of 79.5 Gy, the
sensitivity (proportion of responders who received >79.5 Gy) was 83% and the specificity
(proportion of non-responders who received <79.5 Gy) was 92%; 97% of patients who
received >79.5 Gy to tumor achieved OR, whereas 61% of patients who received <79.5 Gy
had stable or progressive disease.

Of the 64 patients, 8 (12.5%) developed >grade 3 hepatotoxicity attributable to TARE.
Of these, 5 received glass microspheres and 3 received resin microspheres. The 8 patients
included 4 patients with >=grade 3 hyperbilirubinemia, noted on average 23 days after
TARE; 1 of these patients also had >grade 3 transaminitis. Three patients had >grade

3 thrombocytopenia noted on average 42 days after TARE. One patient had ascites
requiring aspiration 64 days after TARE. Of the 8 patients with =grade 3 hepatotoxicity,
6 patients recovered, on average 98 days following TARE, including 3/4 patients with
hyperbilirubinemia and 3/3 patients with thrombocytopenia.

Several factors were assessed to determine which were associated with >grade 3
hepatotoxicity (Table 3). Patients who developed >grade 3 hepatotoxicity had higher
radiation dose to nontumoral liver parenchyma (89 Gy) compared with those that did not

(64 Gy), though the difference was not significant (p=0.068). Patients who developed >grade
3 hepatotoxicity due to TARE had higher pre-TARE total bilirubin (0.9 mg/dL) compared

to those that did not (0.5 mg/dL) (p=0.013). Five/19 (26%) patients on anticoagulation
developed >=grade 3 hepatotoxicity, compared with 3/45 (7%) not on anticoagulation
(p=0.044). Extent of disease, number of lines of systemic therapy, hormone receptor status,
and number of other sites of metastatic disease were not associated with hepatotoxicity after
TARE.

Median OS was 10.9 (95% CI 9.5—18.7) months, with a median follow-up of 19.1

(95% CI1 0.7—38.6) months. Univariable analysis (Table 4) identified bilobar disease, pre-
TARE AST, and pre-TARE ALT as factors associated with reduced survival (p<0.05). In
multivariable analysis, bilobar disease (HR: 2.7 [95% CI 1.1—6.9; p=0.028]) and higher
pre-TARE AST (HR: 1.02 [95% CI 1.01—1.03; p<0.001]) were independently associated
with increased risk of death.
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Grade 3 and greater hepatotoxicity was associated with worse OS (HR: 4.26, 95% ClI
1.84—9.86; p<0.001). Median OS for patients with >grade 3 hepatotoxicity was 6 months
(95% CI 5, —), compared to a median of 16 months (95% CI 11—23) for patients without
hepatotoxicity (Figure 2). OR was associated with longer OS (HR: 0.48, 95% CI 0.24—
0.93, p=0.03). Median OS was 17 months (95% CI 10, —) among responders compared to
10 months (95% CI 4, —) among patients without OR (Figure 3).

Discussion

In this study on TARE performed to treat breast cancer liver metastasis, higher radiation
dose to tumor resulted in higher OR rates by metabolic imaging criteria. A correlation with
higher tumoral dose and outcomes has been reported in HCC with proposed dose thresholds
from 100 to 200 Gy [9-13], and in colorectal cancer with proposed dose thresholds from 40
to 100 Gy [7, 8]. The relationship of dose to tumor and response has not been well studied
in breast cancer. The proposed 79.5-Gy threshold here is lower than thresholds suggested
for HCC, possibly because of differences in assessing outcomes (anatomical vs. metabolic
response vs. survival), estimating dose, tumor biology, or the relatively small sample size

in the present study. In this study, dose to tumor and normal parenchyma was estimated
semi-quantitatively by analyzing post-TARE bremsstrahlung SPECT/CT [9], which results
in poorer spatial resolution than PET/CT [24, 25]. Though most p-particles deposit energy
locally, the activity measured from the broad-spectrum bremsstrahlung photons may reduce
the accuracy of SPECT.

In this study, OR rates were higher after glass compared with resin microsphere treatments.
This might reflect higher radiation doses delivered with glass microspheres, or that 27% of
resin treatments in this study reached stasis before delivering the entire prescribed dose, a
phenomenon reported previously in breast cancer patients undergoing resin TARE [5]. Other
possible factors impacting response were assessed; patients with fewer sites of extrahepatic
metastasis were more likely to achieve OR after TARE, possibly reflecting underlying tumor
biology [2].

In this study, 12.5% of patients developed >grade 3 hepatotoxicity attributable to TARE,
manifest as grade 3 or greater elevation in liver function tests or ascites requiring
intervention. However, 75% recovered in an average of 3 months. Concordant with prior
reports, higher pre-TARE bilirubin levels were associated with post-TARE >grade 3
hepatotoxicity [26]. There was no association with the number of lines of systemic therapy.
Unlike prior research in colorectal cancer patients undergoing TARE [27], anticoagulant
therapy was associated with increased rates of >grade 3 hepatotoxicity. This discordance
may reflect differences between breast and colorectal cancer or the use of pentoxifylline and
ursodeoxycholic acid in addition to low molecular weight heparin [27]; future trials may
eliminate the anticoagulant and achieve similar if not better results. In HCC, dose thresholds
of 50—100 Gy to normal parenchyma have been proposed as predictors of hepatotoxicity
[14-16]. In this study, the association of dose to nontumoral liver parenchyma with >grade 3
hepatotoxicity was not significant, so a dose threshold could not be estimated. Patients who
developed >=grade 3 hepatotoxicity received a median dose to normal parenchyma of 89 Gy,
whereas those who did not received 64 Gy.
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In this study, poorer pre-TARE liver function and increased tumor burden were associated
with shorter survival, similar to prior reports [28, 29]. Findings here confirm that breast
cancer patients who achieve OR on short interval follow-up PET/CT after TARE have
prolonged survival, compared with those that do not [2]. Combined with the observation
that anatomic/size-based imaging response criteria do not reflect post-treatment pathological
response in hypovascular metastatic tumors [30], these observations highlight that PET/CT
response assessments are essential prognostication tools. Metabolic imaging may better
represent pathologic response and predict survival. The repeated observation that PET/CT
response predicts survival outcomes suggests that strategies aimed at optimizing imaging
response after TARE may confer a survival benefit. Maximizing radiation dose to tumor
may be one such strategy. Predicting how Y90 microspheres will distribute into tumor vs.
normal liver parenchyma is challenging, particularly in hypovascular tumors such as breast
cancer. Dose distribution is poorly predicted during mapping, because technetium-99m
macroaggregated albumin and Y90 differ significantly in regard to size, with post-mapping
SPECT/CT overestimating eventual dose delivered to tumor [31]. Mapping and treating with
the same particle, such as holmium, could more accurately predict TARE dosimetry during
mapping prior to administration and improve patient selection [32].

Study limitations reflect its retrospective nature and small sample size. Patients’ imaging
follow-up was conducted at different times, introducing variability and potential bias

into outcome assessment. The use of different types of microspheres is another study
limitation, representing a potential confounding variable that should be addressed in larger
prospective studies. The SPECT semi-quantitative method is limited, but more accurate
quantitative methods (e.g., direct Monte Carlo reconstruction or dose kernel convolution)
are complex, requiring more computing power [33, 34]. These preliminary results are
hypothesis-generating; prospective studies involving PET/CT may provide clarity on dose
thresholds for response and toxicity. Proposed radiation dose thresholds must be validated in
future independent data from other institutions.

Conclusions

In summary, higher radiation doses to tumor were associated with increased rates of OR
assessed by metabolic imaging response, which in turn were associated with longer OS.
Most patients achieve OR when at least 79.5 Gy is administered to tumor. These findings
suggest the need for accurate techniques to calculate expected dose to tumor vs. nontumoral
liver prior to treatment, to better select patients and potentially avoid toxicities including
abnormalities in liver function tests and development of ascites requiring intervention.
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Highlights

Higher radiation dose to breast cancer liver metastases during
radioembolization is associated with objective response

A dose threshold to tumor of 79.5 Gy is proposed to achieve objective
response

Longer survival is associated with objective response

Shorter survival is associated with worse pre-radioembolization liver function,
bilobar disease, and radioembolization-associated liver impairment

Accurate pre-treatment dosimetry may help optimize response to
radioembolization of breast cancer liver metastasis
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Figure 1. Case example.
A. Axial PET/CT image demonstrates bilobar FDG-avid hepatic metastases in a 57-year-

old woman with liver-dominant metastatic breast cancer. The patient was treated with
radioembolization, starting with the right lobe. B. Immediate post-procedure SPECT/CT
demonstrates preferential tumoral uptake of yttrium-90. C. PET/CT images were loaded
into Hermes software, and the liver (yellow line) and tumors (red line) were contoured.
In this case, an estimated 212 Gy was delivered to tumor, whereas 72 Gy was delivered
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to nontumoral parenchyma. D. Follow-up PET/CTdemonstrates complete response in right
hepatic tumors, with interval progression of the untreated left lobe tumors.
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Figure 2. Kaplan-Meier curve of overall survival by hepatotoxicity.
Patients with >grade 3 hepatotoxicity attributed to transarterial radioembolization (TARE)

had a significantly lower median survival of 6 months compared with patients without
toxicity who survived a median of 16 months (p<0.001).
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Figure 3. Kaplan-Meier curve of overall survival (OS) by objective response (OR).
Patients who achieved OR after transarterial radioembolization (TARE) had a significantly

longer median OS of 17 months compared with patients that did not who survived a median
of 10 months (p=0.03). Response was landmarked at 2 months after TARE, since response
status was not known until the first follow-up PET/CT. The analysis includes patients with
imaging response assessment who were followed for at least 2 months (n=58).

Eur J Radiol. Author manuscript; available in PMC 2022 March 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Ridouani et al.

Table 1.
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Chart and imaging review revealed patient and treatment characteristics, summarized descriptively. Statistics
are presented as median [minimum—maximumy]; n (%).

Characteristic
Dose to tumor (Gy)
Unknown
Dose to normal parenchyma (Gy)

Unknown

Number of extrahepatic metastatic sites

0

g A~ W N

TARE device
Glass microspheres
Resin microspheres
Extent of disease
Unilobar
Bilobar
Lung shunt fraction (%)
Number of systemic therapy lines
Hormone receptor st ‘us
ER+
PR+
HEr 2 +
Pre-TARE laboratory values
Total bilirubin (mg/dL)
AST (units/L)
ALT (units/L)
Platelets (x10"9/L)

Percent of normal parenchyma treated

Unknown

Anticoagulation

n=64

136 [19—445]
6

68 [12—244]
6

10 (16%)
16 ( 25%)
17 (2'%)
15 (23%)
5(7.8%)
1 (1.6%)

42 (66%)
22 (34%)

16 (25%)
48 (75%)
3[0-10]
8 [1-19]

47 (73%)
36 (56%)
11 (17%)

0.55 [0.20—2.50]
35 [12—373]

34 [9—193]

201 [54—590]
50 [11—83]

6

19 (30%)

Eur J Radiol. Author manuscript; available in PMC 2022 March 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Ridouani et al. Page 20

Table 2.
Association of radiation dose and clinical factors with objective response (OR).

Sixty patients had follow-up PET/CT imaging available to determine response, with 46 patients achieving OR.
Wilcoxon rank-sum tests and Fisher’s exact tests were performed, with median (IQR); n (%) presented.

Characteristic No objective response (n=14)  Objective response (n=46)  p-value
Dose to tumor (Gy) 54.0 (45.2—61.5) 167.0 (97.0—216.8) <0.001
Unknown 2 4
Dose to normal parenchyma (Gy) 31.5 (27.5—52.8) 85.0 (46.2—107.8) 0.002
Unknown 2 4
Number of extrahepatic metastatic sites 2.5 (2.0—3.0) 1.5(1.0—2.8) 0.014
TARE device <0.001
Glass microspheres 3(7.5) 37 (92%)
Resin microspheres 11 (. 5%) 9 (45%)
Extent of disease 0.3
Unilobar 2 (12%) 14 (88%)
Bilobar 12 (27%) 32 (73%)
Number of systemic therapy lines 8.0 (6.2—12.5) 8.5 (5.0, 12.0) 0.5
Hormone receptor status
Estrogen receptor 0.5
ER-negative 2 (13%) 13 (87%)
ER-positive 12 (27%) 33 (73%)
Progesterone receptor >0.9
PR-negative 6 (24%) 19 (76%)
PR-positive 8 (23%) 27 (77%)
HER?2 receptor 0.4
HER2-negative 13 (26%) 37 (74%)
HER2-positive 1 (10%) 9 (90%)
Pre-TARE laboratory values
Total bilirubin (mg/dL) 0.6 (0.4—1.0) 0.5 (0.3—0.9) 0.2
AST (units/L) 57.5 (28.0—73.8) 30.5 (21.5—72.0) 0.2
ALT (units/L) 39.0 (23.2—54.0) 33.5 (18.0—53.8) 0.5
Platelets (x10"9/L) 197.0 (156.5—287.8) 202.5 (156.0—268.5) 0.9
Percent of normal parenchyma treated 45 (28—64) 50 (34—69) 0.6
Unknown 2 4
Anticoagulation 0.7
Not anticoagulated 11 (25%) 33 (75%)
Anticoagulated 3 (19%) 13 (81%)
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Table 3.
Association of radiation dose and clinical factors with >grade 3 hepatotoxicity.

Eight patients (12.5%) developed >grade 3 hepatotoxicity attributable to TARE. Wilcoxon rank-sum tests and
Fisher’s exact tests were performed to compare groups, with median (IQR); n (%) presented.

Characteristic No hepatotoxicity (n=56) Hepatotoxicity (n=8) p-value
Dose to tumor (Gy) 140.0 (64.0—200.0) 97.0 (73.0—218.0) 0.9
Unknown 5 1
Dose to normal parenchyma (Gy) 64.0 (34.5—100.0) 89.0 (68.5—129.5) 0.068
Unknown 5 1
Number of extrahepatic metastatic sites 2.0 (1.0—3.0) 2.0(1.0—3.0) 0.7
TARE device >0.9
Glass microspheres 37 (88%) 5 (12%)
Resin micropheres 19 (86 %) 3 (14%)
Extent of disease 0.2
Unilobar 16 (100%) 0 (0%)
Bilobar 40 (83%) 8 (17%)
Number of systemic therapy lines 8.0 (5.0—11.2) 7.5(5.5—14.2) >0.9
Hormone receptor status
Estrogen receptor 0.4
ER-negative 14 (82%) 3(18%)
ER-positive 42 (89%) 5 (11%)
Progesterone receptor 0.3
PR-negative 23 (82%) 5 (18%)
PR-positive 33 (92%) 3(8.3%)
HER?2 receptor >0.9
HER2-negative 46 (87%) 7 (13%)
HER2-positive 10 (91%) 1(9.1%)
Pre-TARE laboratory values
Total bilirubin (mg/dL) 0.5 (0.4—0.7) 0.9 (0.9—1.1) 0.013
AST (units/L) 33.0 (23.0—66.2) 75.5 (28.5—118.0) 0.13
ALT (units/L) 30.0 (18.8—50.2) 47.0 (35.0—57.5) 0.3
Platelets (x1079/L) 201.5 (159.8—271.0) 1845 (1345—3432) 0.7
Percent of normal parenchyma treated ~ 49.0 (34.0—67.5) 59.0 (43.5—69.0) 0.5
Unknown 5 1
Anticoagulation 0.044
Not anticoagulated 42 (93%) 3(6.7%)
Anticoagulated 14 (74%) 5 (26%)
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Table 4.
Association of radiation dose and clinical factors with overall survival.

Univariable analysis was performed using Cox proportional hazards regression. HR: Hazard Ratio, CI:
Confidence Interval.

Covariate n HR 95% ClI p-value
Dose to tumor (Gy) 58 1.00 0.99—1.00 0.13
Dose to normal parenchyma (Gy) 58 1.00 0.99—1.01 >09

Number of extrahepatic metastatic sites 64 1.17 0.91—151 0.2
TARE device 64

Glass microspheres — —

Resin microspheres 142 0.78—258 0.3
Extent of disease 64

Unilobar — —

Bilobar 335 141—7.96 0.006
Number of systemic therapy lines 64 101 095—1.08 0.7
Hormone receptor status

ER-positive 64 067 035—1.30 0.2

PR-positive 64 096 053—1.75 >0.9

HER2-positive 64 069 0.29—1.66 0.4
Pre-TARE laboratory values

Total bilirubin (mg/dL) 64 117 057—2.40 0.7

AST (units/L) 64 102 101—1.02 <0.001

ALT (units/L) 64 101 1.00—1.02 0.032

Platelets (x1079/L) 64 100 1.00—1.01 0.11

Percent of normal parenchyma treated 58 1.00 0.99—1.02 >0.9
Anticoagulation 64 118 0.64—2.21 0.6
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