Safety, Efficacy, and Prognostic Factors After
Radioembolization of Hepatic Metastases from Breast Cancer:
A Large Single-Center Experience in 81 Patients

Wolfgang P. Fendler!, Hanna Lechner!, Andrei Todica!, Karolin J. Paprottka?, Philipp M. Paprottka?, Tobias F. Jakobs?,
Marlies Michl“, Peter Bartenstein!-3, Sebastian Lehner”!, and Alexander R. Haug*!-6

!Department of Nuclear Medicine, Ludwig-Maximilians-University of Munich, Munich, Germany,; *Department of Clinical
Radiology, Ludwig-Maximilians-University of Munich, Munich, Germany; >Department of Diagnostic and Interventional Radiology,
Hospital Barmherzige Brueder, Munich, Germany; *Department of Hematology and Oncology, Ludwig-Maximilians-University of
Munich, Munich, Germany; >Comprehensive Cancer Center Munich (CCCM), Ludwig-Maximilians-University of Munich, Munich,
Germany; and °Division of Nuclear Medicine, Medical University of Vienna, Vienna, Austria

The present study evaluated safety, efficacy, and prognostic factors for
90Y-yttrium microsphere radioembolization of unresectable liver metas-
tases from breast cancer. Methods: Eighty-one patients were treated
with radioembolization. Acute toxicity was monitored through daily
physical examination and serum tests until 3 d after radioembolization;
late toxicity was evaluated until 12 wk after radioembolization. Overall
survival and response according to '8F-FDG PET (>30% decrease of
tracer uptake) and CA15-3 serum level (any decline) were recorded.
Pretherapeutic characteristics, including pretreatment history, liver
function tests, and PET/CT parameters, were assessed by univariate
and subsequent multivariate Cox regression for predicting patient sur-
vival. Results: A toxicity grade of 3 or more based on clinical symp-
toms, bilirubin, ulcer, pancreatitis, ascites, or radioembolization-induced
liver disease occurred in 10% or less of patients. Two patients eventu-
ally died from radioembolization-induced liver disease. Sequential lobar
treatment and absence of prior angiosuppressive therapy were both
associated with a lower rate of serious adverse events. On the basis
of PET/CA15-3 criteria, 52/61% of patients responded to treatment.
Median overall survival after radioembolization was 35 wk (interquartile
range, 41 wk). Pretherapeutic tumor burden of the liver greater than
50% or more (P < 0.001; hazard ratio, 5.67; 95% confidence interval,
2.41-13.34) and a transaminase toxicity grade of 2 or more (P = 0.009;
hazard ratio, 2.15; 95% confidence interval, 1.21-3.80) independently
predicted short survival. Conclusion: Radioembolization for breast can-
cer liver metastases shows encouraging local response rates with low
incidence of serious adverse events, especially in those patients with
sequential lobar treatment or without prior angiosuppressive therapy.
High hepatic tumor burden and liver transaminase levels at baseline
indicate poor outcome.
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RADIOEMBOLIZATION FOR BRCLM: SAFETY AND PROGNOSIS  ®

B reast cancer is the most common malignancy in women other
than nonmelanoma skin tumors. Despite advances in early detection
and treatment, a significant proportion of breast cancer patients de-
velop metastases during the course of their disease (/). Median sur-
vival in patients with liver metastases from breast cancer has been
estimated to be commonly poor (2). In advanced cases, curative re-
section of liver metastases cannot be performed because of a multi-
segmental involvement (3). Radioembolization using *°Y-yttrium mi-
crospheres has emerged as a palliative treatment option in patients
with unresectable liver-dominant disease. Response rates between
39% and 51% have been reported after radioembolization in patients
with breast cancer liver metastases (BRCLM) (4-6). However, radio-
embolization is associated with adverse events, which range in
severity from a mild postembolization syndrome, including fatigue,
abdominal pain, nausea, or fever, to serious complications such as
radioembolization-induced liver disease (REILD), pancreatitis, or gas-
trointestinal ulceration (7,8). Indeed, lethal outcomes after radioembo-
lization for BRCLM have been reported (9,70). Radioembolization is
performed at a stage of terminal disease, with an aim to prolong
patient survival without limiting quality of life. In deciding to admin-
ister radioembolization, the advantages of this additional treatment
have to be carefully weighed against disadvantages, such as compli-
cations or further hospitalization. A better knowledge of the efficacy
and safety of radioembolization will help clinicians to carefully select
suitable candidates to minimize the risk of treatment-related side
effects. Moreover, indicators of poor outcome will help to estimate
a patient’s prognosis before radioembolization is performed. The aim
of the present retrospective single center study was to analyze the
efficacy and safety of radioembolization in a large cohort of patients
with liver metastases from breast cancer. Furthermore, clinical char-
acteristics, radiologic findings, and laboratory tests were examined for
their accuracy to predict patient survival after radioembolization.

MATERIALS AND METHODS

Patients

90Y-yttrium microsphere radioembolization was performed between
March 2003 and August 2013 in the Department of Nuclear Medicine,
University Hospital of the Ludwig-Maximilians-University Munich.
The inclusion criteria were similar to those reported in our previous
studies (/1,12): age, more than 18 y; unresectable, progressive

Fendler et al. 517


mailto:wolfgang.fendler@med.uni-muenchen.de

BRCLM refractory to systemic therapy; no evidence of a second ma-
lignancy of different origin at time of radioembolization; preserved liver
function, as defined by a serum total bilirubin of 2.0 mg/dL or less;
performance status of functional impairment of 60% or greater as mea-
sured with the Karnofsky index (/3); preradioembolization life expec-
tancy of at least 3 mo; and fitness to undergo angiography. Patients with
limited extrahepatic metastases were not excluded if the hepatic metas-
tases were deemed to be the predominant and presumably life-limiting
tumor site. Exclusion criteria were liver failure, evidence of any un-
correctable hepatic arterial blood flow to the gastrointestinal tract,
pulmonary shunt from the hepatic artery greater than 20%, or com-
plete portal venous occlusion as described previously (6). A flow dia-
gram for selection of the study cohort is shown in Supplemental Figure
1 (supplemental materials are available at http://jnm.snmjournals.org).
All patients gave written consent to undergo radioembolization. The
observation period for overall patient survival ended on August 30,
2014. The retrospective study protocol was approved by the local
ethics committee, and written informed consent for entry into the
study was waived.

Radioembolization

Fifty-eight patients underwent whole-liver (WL) radioembolization
by application of SIR-spheres (SIRTEX Medical) directly into the
right and left hepatic artery in a single session (single WL group) as
reported previously (6). In 23 patients, lobes were treated separately
(separate lobar [SL] group): the liver lobe presenting a higher tumor
burden in preradioembolization imaging was treated first; in 15 of
these 23 patients, radioembolization of the remaining lobe was admin-
istered after a 4-wk interval. The second radioembolization was not
performed in the case of aberrant vessels (n = 1) or absence of tumor
(n = 7). In 54 of 81 (67%) patients, the administered activity of
microspheres was calculated using the body surface area method
(14): activity in GBq = (body surface area — 0.2) + (liver involvement
in %/100). In earlier cases (n = 27 of 81, 33%), dose was determined
using the empiric method (2.0 GBq when < 25% involvement; 2.5 GBq
when > 25% involvement) (/4). None of the patients received REILD
prophylaxis with methyl-prednisolone or ursodeoxycholic acid.

Imaging and Pretherapeutic Examinations

Within 1-4 wk before radioembolization, all patients underwent
angiography with application of 100 MBq of %°™Tc-MAA (GE
Healthcare) directly into the right and left hepatic artery to identify
any relevant aberrant vessel and to calculate the shunt fraction of
labeled microspheres to the lung. Prophylactic coiling of extrahepatic
arteries was performed, if deemed necessary. Imaging with whole-
body '8F-FDG PET/CT was performed using a Gemini scanner
(Philips) or a Biograph 64 TruePoint PET/CT scanner (Siemens
Healthcare) as described previously (6). The tumor-to-liver volume
ratio was categorized on CT images by 2 authors with together more
than 15 y of experience in PET/CT interpretation into <25%,
25%-50%, or = 50%. On admission, 1 d before radioembolization,
serum tests for liver function (including bilirubin, alanine transami-
nase [ALT], aspartate transaminase [AST], y-glutamyl transpeptidase
[GGT]), coagulation profiles, metabolic panel, blood count, and the
tumor markers carcinoembryonic antigen, and CA15-3 were obtained.

Assessment of Toxicity

After radioembolization, all patients were monitored for 3 d as
inpatients for acute toxicity by daily physical examination; interview;
and serum tests of liver function, coagulation profiles, and metabolic
panel. Patients with worsening symptoms or liver function tests were not
discharged before substantial improvement. Late toxicity was evaluated
in all patients at 12 wk after first radioembolization by physical
examination, standardized interview, and serum tests including tumor
marker levels. The National Cancer Institute’s Common Terminology
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Criteria for Adverse Events (CTCAE; version 4.0) were used (15).
REILD was defined as the presence of a serum total bilirubin of
3.0 mg/dL or greater and a grade of 2 or more ascites within 3 mo after
radioembolization, in the absence of tumor progression or bile duct
obstruction. A toxicity grade of 3 or more, including occurrence of ulcer,
pancreatitis, and REILD, was defined as a serious adverse event (SAE).
The schedule for radioembolization and follow-up visits is illustrated in
Supplemental Figure 2.

Assessment of Response and Survival

The primary endpoint was overall survival (OS) after radioemboliza-
tion. OS was defined as the interval between date of radioembolization
until the last date of contact as censored observation or until disease-
related death as the event of interest. Secondary endpoints were response
by '"8F-FDG PET or serum tumor marker level. '8F-FDG PET/CT was
performed in 56 of 81 (69%) patients at the time of late follow-up. PET
response was defined as a greater than 30% decrease of SUV,,,, from
baseline to follow-up determined in up to 5 lesions in accordance with
our previous report (6). In patients with CA15-3 serum level above the
upper limit of normal at baseline, tumor marker response was defined by
any decrease in CA15-3 level at the time of late follow-up based on
findings from Guadagni et al. (/6). One subgroup (n = 30) underwent
continuous surveillance by 3F-FDG PET/CT at 3-mo intervals after
radioembolization until death. We defined time-to-liver-progression
(TTPyyye,) in this group as the time interval between date of radioembo-
lization until any increase of at least 30% in SUV,,,, in at least 1 liver
lesion relative to baseline.

Statistical Analysis

Quantitative data are presented as total number (percentage) or
median (interquartile range [IQR]). Kaplan—-Meier analysis and the log
rank test were used for comparison of survival rates. Prior systemic
therapy, in 8 subgroups defined by differing antineoplastic mechanism
of action, was tested for association with toxicity by odds ratio (OR)
and the x test. After Pearson intercorrelation was excluded, univariate
Cox regression analysis was performed to examine the association be-
tween pretherapeutic parameters and OS. Any parameter with a P value
of less than 0.20 in the univariate analysis was entered into a multivar-
iate Cox regression model. The Wald stepwise selection method with a
P value of 0.05 as entry probability and a P value of 0.10 as removal
probability was applied in the multivariate analysis. Hazard ratio with
95% confidence interval was calculated to quantify the strength of the
association between parameters and OS. A statistically significant dif-
ference was defined as a P value of less than 0.05. The SPSS software
package (version 15.0; SPSS Inc.) was used for all statistical analysis.

RESULTS

Patients

Patient characteristics are given in Table 1. At the time of radio-
embolization, patients presented with a high rate of extrahepatic
metastases (54/81, 67%). Presence of extrahepatic metastases was
not significantly associated with OS according to the log-rank test
(P = 0.558, Supplemental Fig. 3) and univariate regression anal-
ysis (P = 0.299). The median OS was 41 wk (IQR, 51 wk) for
patients without extrahepatic metastases (n = 27), 32 wk (IQR,
34 wk) for patients with bone metastases (n = 34), and 34 wk (IQR,
29 wk) for patients with other sites (lymph node n = 3, pancreas/
lung each n = 1) or multiple sites (n = 15) of metastases.

Toxicity

Adverse events after radioembolization are given in Table 2. On
the basis of liver transaminase, SAEs were seen for 31 of 81 (38%)
patients; on the basis of GGT, SAEs were seen for 29 of 81 (36%)
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TABLE 1
Baseline Characteristics of Study Cohort

Total or
Characteristic (n = 81) median
Age (y) 61 (15)
Time between diagnosis 6.0 (7.3)
and radioembolization (y)
Prior local treatment 20 (25%)
Surgery 8 (10%)
RFA 9 (11%)
TACE 4 (5%)
LITT 1 (1%)
Multiple 2 (2%)
UICC stage at initial diagnosis
1 4 (5%)
2a 29 (36%)
2b 13 (16%)
3a 11 (14%)
3b 8 (10%)
4 16 (20%)
Tumor expression profile
PR+ 40 (49%)
ER+ 60 (74%)
Her2/neu+ 28 (35%)
CA15-3 (U/mL) 137 (395)
Carcinoembryonic antigen (ng/mL) 12 (28)
Tumor-to-liver ratio
<25% 49 (60%)
25%-50% 24 (30%)
=50% 8 (10%)
Radioactivity delivered (GBq) 1.6 (0.6)

RFA = radiofrequency ablation; TACE = transcatheter arterial
chemoembolization; LITT = laser-induced thermotherapy; UICC =
International Union Against Cancer; PR+ = progesterone receptor
status positive; ER+ = estrogen receptor status positive; Her-
2/neu+ = Her-2/neu status positive.

Given are total numbers (with percentages in parentheses) or
median (with IQRs in parentheses).

patients. By all other CTCAE criteria, the rate of SAE was below
10%. Two patients developed pancreatitis after radioembolization,
both of whom had full remission after conservative treatment.
Gastrointestinal ulceration occurred in 5 patients, 4 cases of which
occurred before our introduction of monitoring of hepatic arterial
flow by intermittent application of contrast agent during the ther-
apy. Bilirubin toxicity of grade 3 or 4 was observed in 8 of 81
(10%) patients. REILD was diagnosed in 3 of 58 (5%) patients
after WL radioembolization in 1 session (WL group). Two of these
3 patients had further deterioration of liver function and died
11 and 12 wk after radioembolization. The remaining patient re-
covered from REILD and died 70 wk after radioembolization
because of tumor progression. Eight patients in the WL group

RADIOEMBOLIZATION FOR BRCLM: SAFETY AND PROGNOSIS  ®

had an appearance of grade 2 ascites after radioembolization,
albeit without substantial bilirubin elevation (Fig. 1). None of
the patients with lobar radioembolization in 2 separate sessions
(SL group) experienced REILD until 3 mo after radioemboliza-
tion. The rate of SAEs was lower in the SL group than WL group
based on reported nausea, abdominal pain, ulcer, bilirubin, and
REILD by a sum of 31% (Fig. 2). The rate of grade 1-2 nausea
was 23% lower in the SL group, whereas mild abdominal pain was
experienced in equal measure for both groups (74% for SL, 67%
for WL). The prior administration of monoclonal antibodies (i.e.,
bevacizumab alone, n = 18; trastuzumab alone, n = 13; both, n =
4) was significantly associated with occurrence of SAE (Table
3), whereas the other systemic treatments were not. Two of 3
(67%) patients with REILD, 4 of 6 (67%) with grade 3 or more
nausea, 5 of 7 (71%) with pancreatitis or ulceration, and both pa-
tients (100%) with grade 3 or higher abdominal pain had undergone
monoclonal antibody treatment before radioembolization.

Response and Survival

OS, TTPjiye,, and response rates based on '3F-FDG PET and
CAI15-3 are presented in Table 4. The median OS of the entire
cohort was 35 wk (IQR, 41 wk) after radioembolization and 7.2 y
(IQR, 7.3 y) after initial diagnosis. Six patients were still alive
at the end of the observation period. OS after radioembolization
and diagnosis did not differ significantly between the WL and
SL groups according to the log-rank test (36 [IQR, 37] vs. 29 [IQR,
45] wk; P = 0.932). Twenty-nine of 56 (52%) patients responded
to radioembolization based on '8F-FDG PET criteria. Forty-six
of 81 (57%) patients had an elevated CA15-3 level at baseline.
Twenty-eight of these 46 (61%) patients responded to radio-
embolization based on CA15-3 level. The median TTPj;ye,
was 26 wk (IQR, 18 wk) in the '8F-FDG PET/CT surveillance
group (n = 30).

Regression Analysis

Noncategoric variables were dichotomized on the basis of the
median. Results of univariate Cox regression analysis are given
in Table 5. Several variables were associated with OS in the
univariate analysis and were consequently included in the mul-
tivariate analysis. Table 6 gives results of the multivariate anal-
ysis. Corresponding Kaplan—Meier survival curves are shown in
Figure 3. Two variables were independently associated with sig-
nificantly reduced OS after radioembolization. The relevant var-
iables were a baseline transaminase toxicity grade of 2 or more
(P = 0.009) and tumor-to-liver ratio of 50% or more (P < 0.001),
which increased the risk of short survival by about 2- and 6-fold,
respectively.

DISCUSSION

The aim of this study was to analyze safety, efficacy, and
prognostic factors after radioembolization for hepatic metastases
from breast cancer. For this purpose, we examined data from the
largest series of breast cancer patients who received radioemboliza-
tion for liver metastases so far. Though data were analyzed
retrospectively, detailed information about the patients’ medical his-
tory, adverse events, and outcome was available based on our in-
stitutional standards for patient inclusion, treatment, and follow-up.
The median survival of our patients (35 wk) falls within the range of
previous reports (5,6,/0) and did not significantly differ between
patients with radioembolization of the WL in a single session versus
lobar radioembolization in 2 separate sessions (36 vs. 29 wk). The
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TABLE 2
Adverse Events After Radioembolization

Adverse event All grades Grade 1 Grade 2 Grade 3 Grade 4
Fever 19 (23%) 18 (22%) 1 (1%) — —
Nausea 41 (51%) 15 (19%) 20 (25%) 6 (7%) —
Abdominal pain 58 (72%) 19 (23%) 37 (46%) 2 (2%) —
Ulcer — — — 5 (6%)

Pancreatitis — — — 2 (2%)

Bilirubin 50 (62%) 20 (25%) 22 (27%) 5 (6%) 3 (4%)
Transaminase 80 (99%) 29 (36%) 20 (25%) 24 (30%) 7 (9%)
GGT 70 (86%) 25 (31%) 16 (20%) 24 (30%) 5 (6%)
INR 74 (91%) 62 (77%) 10 (12%) 2 (2%) —
Ascites 29 (36%) 20 (25%) 9 (11%) — —
REILD — — — 3 (4%)

INR = international normalized ratio.
Given are total numbers (with percentages in parentheses).

liver is among the 5 leading sites of metastatic involvement, al-
though the incidence of tumor spread is higher still in other organs
such as bone or lymph nodes (/7). Indeed, our patients presented
with a high rate of extrahepatic metastases (67%) but were only
admitted to radioembolization when their extrahepatic tumor load
was lower and presumably not life-limiting, as compared with the
hepatic metastases. Even though radioembolization targets only he-
patic tumor lesions, we detected no association between presence or
location of extrahepatic disease and OS in our patient cohort. This
supports our initial decision to include patients with limited extra-
hepatic metastases. About half of our patients had metabolic re-
sponse by '8F-FDG PET. Our rate of metabolic response falls below

the rate of 84% metabolic responders reported by Gordon et al. in a
subgroup of 25 patients (/0). This difference may in part be
explained by the definition of metabolic response, which was de-
termined by a visual decease in glycolytic activity in 1 lesion by
Gordon et al. versus a 30% decrease in quantitative SUV in up to 5
lesions in our study. On the basis of our previous study on a sub-
group of the present cohort, which showed limited prognostic value
of tumor size criteria, we did not include CT-based response into our
analysis (6). Median TTPy;,., was 26 wk in our subgroup of patients
with '8F-FDG PET/CT surveillance after radioembolization; this
result for hepatic progression is consistent with the 13- to 27-wk
range of time-to-progression reported in 2 previous studies (/0,18).

Such prolonged progression-free intervals

emphasize the potential of radioemboliza-

Before RE Bremsstrahlung

Bili: 0.9 mg/dL
AST/ALT: 48/22 U/l

90Y-sphere dose: 1.9 GBq

After RE

Bili: 2.0 mg/dL
AST/ALT: 134/49 U/

tion to halt or slow hepatic progression in
patients with chemorefractory BRCLM.
Previous trials, including 1 study from
our department, reported a high incidence of
postembolization syndrome (67% and 100%)
after radioembolization for BRCLM (5,9).
In our expanded cohort, we likewise found
mild to moderate symptoms of fever, nau-
sea, or abdominal pain in 23%-72% of pa-
tients. However, radioembolization was also
associated with severe adverse events: 3 of
81 (4%) patients developed REILD, a life-
threatening condition. Indeed, 2 of these 3
patients died within 12 wk from liver toxic-
ity as compared with an overall median sur-
vival of 35 wk after radioembolization. The
present incidence of high-grade toxicity was

FIGURE 1.

A 39-y-old female patient with new onset of ascites after radioembolization (RE) of

also comparable to rates given in the liter-

WL in single session. Axial CT and fused '8F-FDG PET/CT images are shown at baseline (A and D)
and 12 wk after radioembolization (C and F). Respective serum levels of bilirubin (Bili), AST,
and ALT are given. Follow-up CT reveals signs of hepatic cirrhosis with appearance of ascites
(arrow). Patient developed grade 2 toxicity for bilirubin/AST and grade 1 toxicity for ALT. Patient
eventually recovered from liver toxicity but died from tumor progression at 23 wk after radio-
embolization. (B and E) Axial low-dose CT (E) and fused Bremsstrahlung SPECT/CT (B) after
radioembolization of WL.
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ature: SAEs occurred in 10% of patients
based on bilirubin. Similarly, Gordon et al.
and Bangash et al. found grade 3 or higher
bilirubin toxicity in 6% and 11% of their
patients (4,10). SAEs occurred in 39% of
our patients based on liver transaminase



REILD and grade 3 or 4 adverse events
WL (n = 58) SL (n=23)

Fever 0%
Nausea -10%*
Abdominal pain -3%
Ulcer -5%*
Pancreatitis +2%
Bilirubin -8%*
Transaminase +14%*
REILD -5%*

50 40 30 20 10 0 10 20 30 40 50

Patients (%)

FIGURE 2. Incidence of adverse events by treatment group (n = 81).
Difference between treatment groups (i.e., incidence toxicity SL minus
WL) is depicted, with those exceeding 5% marked with *.

and in 36% based on GGT. Elevation of liver enzymes, however,
was only transient, and serum levels declined to a low grade of
toxicity in most patients after 3 mo. Indeed, only 9 of 81 (11%)
patients had grade 3 to 4 elevation of liver enzymes at the time of

TABLE 3
Therapy-Associated Risk for SAE After Radioembolization

95% confidence

interval
Odds Lower Upper
Variable n P ratio bound bound
TAX 59 0.805 1.13 0.44 2.87
ANT 57 0.449 1.45 0.55 3.80
5-FU/ 22 0.805 1.13 0.44 2.87
MTX
PBA 20 0.222 1.89 0.68 5.28
CLA 59 0.194 1.94 0.71 5.31
mAb 35 0.043* 2.33 0.95 5.73
Other 43 0.448 0.71 0.30 1.71
CTx
HTx 63 0.154 2.20 0.73 6.59
*Significant.

TAX = taxanes; ANT = anthracyclines; 5-FU = fluorouracil;
MTX = methotrexate; PBA = platinum-based agents; CLA =
DNA cross-link agents; mAb = monoclonal antibodies; CTx
chemotherapy; HTx = hormone therapy.

late follow-up. For all other categories, we find radioembolization
to be associated with severe toxicity in only 2%—10% of BRCLM
patients. Our data indicate that this toxicity can be further reduced
by administering radioembolization in 2 separate sessions. The
summed incidence rate for SAEs was lower by about 15% in the
group with SL radioembolization. Most importantly, there was no
case of REILD in the SL group. Prior therapy with monoclonal
antibodies emerges as an independent risk factor for high-grade
toxicity in our cohort. In particular, prior administration of bevaci-
zumab or trastuzumab significantly increased the risk for SAEs by
2.3-fold. Both of these agents are known to effectively suppress
angiogenesis (/9). Because antiangiogenic treatment is associated
with increased risk for stasis or retrograde flow, we suppose that
these phenomena might cause tissue damage due to inadvertently
excessive microsphere loading in healthy liver or even adjacent
organs (20,21). Our data suggest that radioembolization should,
whenever possible, be performed before administration of angio-
suppressive therapy, so as to decrease the risk for SAEs.

We investigated clinical, radiologic, and laboratory findings
regarding their prognostic value for OS. Of the included
parameters, tumor burden of the liver and baseline transaminase
toxicity each turned out to be independent predictors of patient
survival. Disease burden of the liver has been previously described
to be predictive for REILD or short survival after radioembo-
lization in patients with hepatic and nonhepatic malignancies
including breast cancer (7,8,10,18). In our study, median sur-
vival was 41 wk (IQR, 35 wk) in patients with less than 25%
replacement of liver parenchyma by tumor. Conversely, median
survival was only 30 wk (IQR, 36 wk) in patients with 25%-50%
and 17 wk (IQR, 14 wk) in patients with 50% or more tumor
burden. This difference underlines the need to carefully evaluate
the suitability of patients with a high degree of liver involvement
for radioembolization. The degree of tumor involvement is associated

TABLE 4
OS, TTPjiver, and Response by '8F-FDG PET or CA15-3

Response category Total or median

(05}
n 81
After radioembolization (wk) 35 (41)
After initial diagnosis (y) 7.2 (7.3
TTPiver
n 30
After radioembolization (wk) 26 (18)
PET
n 56
Responder 29 (52%)
Nonresponder 27 (48%)
CA15-3
n 46
Responder 28 (61%)
Nonresponder 18 (39%)

Given are total numbers (with percentages in parentheses) or
median (with IQRs in parentheses).
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TABLE 5
Univariate Cox Regression Analysis for OS After Radioembolization

95% confidence

interval

Subcategories based Hazard Lower Upper
Variable Median on rounded median n P ratio bound bound

Prior local treatment No 61 1.0
Yes 20 0.152* 0.66 0.38 1.16

Treatment group SL 23 1.0
WL 58 0.938 1.02 0.60 1.75

Tumor-to-liver ratio <25% 49 1.0
25%-50% 24 0.048* 1.64 0.99 2.72
=50% 8 <0.001* 6.36 2.74 14.79

Chemo < 3 mo before No 53 1.0

radioembolization

Yes 28 0.186* 1.39 0.85 2.25
Dose (GBq) 1.6 <1.6 40 0.352 1.25 0.78 1.98

=1.6 41 1.0

Baseline CA15-3 137 <137 40 1.0
=137 41 0.065* 1.55 0.97 2.48

Baseline transaminase toxicity WNL 61 1.0
Grade = 2 20 0.001* 2.48 1.44 4.26

Baseline GGT toxicity WNL 36 1.0
Grade = 2 45 0.008* 1.89 1.18 3.03

Baseline bilirubin toxicity WNL 73 1.0
Any grade 8 0.279 1.51 1.72 3.16

Extrahepatic metastasis No 27 1.0
Yes 54 0.299 1.30 0.79 2.12

*P < 0.20, variables were included into multivariate analysis.
WNL = within normal limits.

with severity of liver damage after radioembolization as report-
ed by Sangro et al. (8). Therefore, blood tests, including trans-
aminase and bilirubin serum levels, are routinely obtained to
estimate baseline liver function. We analyzed the prognostic
values of baseline levels of AST, ALT, GGT, and bilirubin,
and found a CTCAE toxicity grade 2 and greater for ALT or
AST to be an independent predictor of short survival after radio-
embolization. Both extensive tumor involvement of the liver and
high-grade transaminase toxicity indicate reduced liver capacity.

Radioembolization should thus be avoided in patients presenting
with both risk factors.

The retrospective design of this study may have resulted in false
low-toxicity findings arising from underreporting. However, the
incidence of adverse events was similar to that reported in
previous trials, especially for events with severity of grade 3 or
higher. Our patients received no further liver-directed therapy until
routine follow-up at 3 mo after radioembolization. However, we
did not analyze the effect of subsequent treatments. Cancer-directed

TABLE 6
Multivariate Cox Regression Analysis of Selected Variables

Multivariate Cox regression

Variable n Hazard ratio 95% confidence interval P
Total 81
Tumor-to-liver ratio = 50% 8 5.67 2.41-13.34 <0.001*
Baseline transaminase toxicity grade = 2 20 2.15 1.21-3.80 0.009*

*Significant.
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FIGURE 3. OS after radioembolization (RE) for entire study cohort (A), separated by tumor-to-
liver ratio (B) and transaminase toxicity (C). Log-rank P is given. WNL = within normal limits.

therapy after the 3 mo follow-up might have influenced survival in
the late-line setting.

CONCLUSION

Radioembolization for BRCLM is associated with good treat-
ment response and a low incidence of severe adverse events. The
most favorable safety was encountered in patients with sequential
lobar radioembolization and in patients without prior angiosup-
pressive therapy. A hepatic tumor burden of 50% or more and
transaminase toxicity grade of 2 or greater at baseline indepen-
dently indicate short survival.
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