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In neuroendocrine neoplasms (NENSs), the presence of distant metas-
tases has a severe impact on survival leading to a relevant decrease in
the 5-y survival rate. Here, °Y radioembolization (°°Y RE) might be an
important treatment option; however, data to support clinical benefits
for °°Y RE are scarce. Therefore, the purpose of this study was to ana-
lyze the use of °°Y RE in NEN patients with hepatic metastases in an
international, multicenter retrospective analysis and assess the poten-
tial role of °°Y RE in a multimodal treatment concept. Methods: In
total, 297 angiographic evaluations in NEN patients before °°Y RE
were analyzed. Baseline characteristics and parameters derived from
imaging evaluation and °°Y RE were analyzed. Tumor response was
assessed using RECIST 1.1, and survival data were collected. Mean
overall survival (OS) between different groups was compared using
Kaplan-Meier curves and the log rank test. A P value of less than
0.05 indicated statistical significance. Results: After °°Y RE, the
disease control rate according to RECIST 1.1 was 83.5% after 3
mo and 50.9% after 12 mo. OS in the entire population was 38.9 =
33.0 mo. High tumor grade (P < 0.006) and high tumor burden
(P = 0.001) were both associated with a significant decrease in
OS. The presence of extrahepatic metastases (P = 0.335) and the
type of metastatic vascularization pattern (P = 0.460) had no influ-
ence on OS. Patients who received °°Y RE as second-line therapy
had a slightly longer but not statistically significant OS than
patients who had ®°Y RE in a salvage setting (44.8 vs. 30.6 mo,
P = 0.078). Hepatic and global progression-free survival after °°Y
RE was significantly decreased in heavily pretreated patients,
compared with patients with second-line therapy (P = 0.011 and
P = 0.010, respectively). Conclusion: %9y RE could be an important
alternative to peptide receptor radionuclide therapy as second-line
treatment in patients with progressive liver-dominant disease pre-
treated with somatostatin analogs.
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Neuroendocrine neoplasms (NENs) are rare, mostly slow-
growing malignancies with an age-adjusted incidence rate of 6.98 per
100,000 in the United States (/). Because of the slow growth of well-
differentiated tumors, overall outcomes are favorable, with a 5-y sur-
vival rate of up to 82%, depending on the tumor’s primary location,
grade according to World Health Organization criteria, and Ki-67
(I-4). As symptoms frequently occur in the later stages of the dis-
ease, distant metastases are present in up to 29% of all patients at the
time of diagnosis (4). The presence of distant metastases has a severe
impact on survival leading to a decrease in the 5-y survival rate from
82% to 35% in well- and moderately differentiated neuroendocrine
tumors (NETs) (4). Distant metastases are located predominantly in
the liver (2), and complete metastatic resection is possible in approxi-
mately only 20% of patients (5). In most cases, somatostatin analog
treatment is considered the first-line treatment because of the favor-
able safety profile and the available evidence (6-8). If hepatic metas-
tases progress during treatment, different therapies including tumor
ablation, angiographic procedures such as bland transarterial emboli-
zation (TAE) or transarterial chemoembolization (TACE), liver
transplantation, and systemic treatments such as chemotherapy or
peptide receptor radionuclide therapy (PRRT) are proposed in the
guidelines to address different clinical scenarios (9—11).

As hepatic metastases are frequently hypervascularized, injection of
an embolic agent into a hepatic artery leads to intrametastatic accumu-
lation of the injected material and consequent necrosis. *°Y radioembo-
lization (*°Y RE) might be an important adjunct to these procedures.
In contrast to TAE or TACE, all patients have to undergo pretherapeu-
tic angiographic evaluation, including local injection of **™Tc-labeled
macroaggregated albumin (*’™Tc-MAA), subsequent planar scintigra-
phy, and SPECT or SPECT/CT to exclude relevant extrahepatic shunt-
ing. In a second session, intraarterial injection of a calculated dose of
Y glass microspheres (TheraSphere; Boston Scientific) or resin
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microspheres (SIR-Spheres; Sirtex Medical) is performed on eligible
patients for whole-liver, lobar, or segmental treatment. As hepatic
metastases of NETs are usually hypervascularized, these microspheres
emit a high local radiation dose to each metastasis. In combination
with the short range of the B~ -radiation emitted by *°Y, effective
local tumor control can be ensured with low systemic toxicity (12,13).
Moreover, repeated therapies, as in the case of TAE or TACE, are not
necessary. However, data to support clinical benefits for °Y RE are
scarce, as previously published, retrospective analyses suffer from the
low number of participants (/4—17) or a lack of essential baseline
characteristics due to a more technical focus (17,18).

Therefore, our study aimed to provide a retrospective analysis
on the current use of *°Y RE in different clinical scenarios and to
assess why “°Y RE was not performed on eligible patients to pro-
vide data missing from current publications.

MATERIALS AND METHODS

Data Collection

A retrospective data collection of patients with NETs who had under-
gone angiographic evaluations, including local **™Tc-MAA injection
for °°Y RE of hepatic metastases between May 2007 and August 2019,
was performed in 6 tertiary-care centers in Europe (Germany and The
Netherlands) and 1 in America.

All data were collected using a unified data collection form consist-
ing of these subsections: baseline characteristics; imaging evaluation,
including *™Tc-MAA injection; °°Y RE; follow-up examinations after
3 and 12 mo, including tumor response (complete response, partial
response, stable disease, and progressive disease) assessed at the con-
tributing center based on RECIST 1.1 (/9); and overall survival (OS).
Additionally, hepatic and global progression-free survival (PFS) was
assessed according to RECIST 1.1 (Supplement 1; supplemental mate-
rials are available at http://jnm.snmjournals.org).

Statistical Analysis

For all patients after undergoing the first °°Y RE, survival character-
istics were investigated using Kaplan—Meier curves and the log rank
test for tumor grade, hepatic tumor burden, tumor vascularization, the
presence of extrahepatic metastases, and the type of microspheres used
for °°Y RE. In addition, Kaplan—Meier curves and the log rank test
were used to analyze differences in OS, as well as hepatic and global
PFS, between patients who had undergone only surgery for the primary
tumor or metastases and somatostatin analog treatment before °°Y RE
(second-line °°Y RE) and patients with extensive systemic pretreatment
(therapy additional to surgery for the primary tumor or metastases and
somatostatin analog treatment before °°Y RE [salvage *°Y RE]).

A P value of less than 0.05 was considered statistically significant.
SPSS Statistics 27 (IBM) was used for statistical analysis. Because of
the exploratory nature of this study, no correction for a-error accumu-
lation was performed (Supplement 2).

RESULTS

Baseline Characteristics

In total, 297 angiographic evaluations including local **™Tc-MAA
injection were performed on 210 patients (91 women and 119 men;
mean age * SD, 59.1 * 37.3 y) between May 2007 and August
2019 (Fig. 1). Multiple evaluations were performed on 72 patients
(2 evaluations in 57 patients, 3 in 7 patients, and 4 in 4 patients).
NETs were present in 90.9% (270/297), and neuroendocrine carcino-
mas in 9.1% (27/297), of all angiographic evaluations. In NET, a
tumor grade of 1 was found in 25.6% (76/297), of 2 in 50.5%
(150/297), and of 3 in 5.7% (17/297); the grade was unknown in
9.1% (27/297). Hypersecretion symptoms were observed in 32.7%
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297 angiographic evaluations including
local MAA injection in patients with NEN

Angiographic reevaluation in 15 patients

i

Radioembolization not possible in 67
patients

230 radioembolizations performed in

patients with NEN

128 radioembolizations performed in a
salvage setting

102 radioembolizations performed as
second-line treatment

FIGURE 1. Flowchart of analyzed patient cohort.

(97/297), and extrahepatic metastases were observed in 41.4% (122/
297) (Table 1; Supplemental Table 1). Before angiographic evalua-
tion including *™Tc-MAA injection, different treatments were used
in 91.6% (272/297), including external-beam radiotherapy in 1.7%
(5/297), primary-tumor surgery in 64.3% (191/297), treatment of
hepatic metastases by surgery in 18.2% (54/297), local ablation (e.g.,
radiofrequency ablation or microwave ablation) in 4.0% (12/297),
and TACE or TAE in 8.8% (26/297). PRRT was used in 20.2% (60/
297), antibody-based therapy in 2.4% (7/297), somatostatin analog
therapy in 57.2% (170/297), prior *°Y RE in 9.8% (29/297), liver
transplantation in 0.3% (1/297), chemotherapy in 29.3% (87/297),
and targeted therapy in 7.7% (23/297).

Imaging Evaluation Including **™Tc-MAA Injection

Before the angiographic evaluation, a CT scan was performed on
84.2% of patients (250/297) and an MRI scan on 24.2% (72/297). A
hepatic tumor burden of 25% or less was present in 50.2% (149/297),
25%-50% in 31.0% (92/297), and 50% or more in 16.2% (48/297);
the hepatic tumor burden was unknown in 2.7% (6/297). Metastases
were hypervascularized in 63.6% (188/297), hypovascularized in
18.2% (54/297), and of a mixed or atypical appearance in 15.5% (46/
297). The vascularization type was unknown in 3.0% (9/287).

Before **™Tc-MAA injection, vessel occlusion was necessary in
39.1% (116/297). Preexistent vessel occlusion due to prior coiling
was found in 6.1% (18/297) (Table 2; Supplemental Table 2).

A central ™Tc-MAA injection was performed on 17.8% (53/
297), a lobar *™Tc-MAA injection on 71% (211/297), and a seg-
mental *™Tc-MAA injection on 2.7% (8/297). Other types of
9mTc-MAA injection were performed on 8.4% (25/297).

Complications occurred in 19 (6.4%) of the 297 patients, with
4 (1.4%) having vascular occlusion, 2 (0.7%) having dissection, and
1 each (0.3%) having the following complications: vasospasm,
hypertension, a combination of pain/hypertension and tachycardia,
complications associated with contrast medium, and coil dislocation.
Complications in 8 additional patients were not specified (2.8%).

A mean lung shunt fraction of 5.7% = 5.6% was observed in
9mMTc-MAA scintigraphy (261 with a lung shunt fraction of
=10%, 29 with >10%, and 7 with an unknown fraction).

9°Y RE

20y RE was performed after 77.4% of angiographic evaluations
including local **™Tc-MAA injection (230/297; glass microspheres,
46.8% [139/297]; resin microspheres, 30.6% [91/297]) across a
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TABLE 1
Baseline Characteristics of All Performed Imaging Evaluations

TABLE 2

Imaging Evaluation Including %°™Tc-MAA Injection

Parameter % n Parameter % n
Localization of primary tumor Hepatic tumor burden
NET 90.9 270 <25% 50.2 149
Lung 3.0 9 25%-50% 31 92
Esophagus 0.7 2 >50% 16.2 48
Stomach 4.4 13 Unknown 2.7 8
Pancreas 24.9 75 Vascularization pattern
Small bowel or pancreas 0.7 2 Hypervascularization 63.3 188
Small bowel 31.1 92 Hypovascularization 18.2 54
Appendix 1.1 3 Mixed/atypical 15.5 46
Colon 4.4 13 Unknown 3.0 9
Rectum 5.1 15 Vessel coiling present 39.1 116
Unknown primary 7.4 22 Lateral left hepatic artery 2 0.7
Not specified 8.1 24 Medial left hepatic artery 2.7 8
Neuroendocrine carcinoma 9.1 27 Gastroduodenal artery 253 75
Grading Left gastric artery 0.7 2
NET Right gastric artery 14.8 44
Grade 1 25.6 76 Falciforme artery 0.3 1
Grade 2 50.5 150 Accessory vessel 11.0 33
Grade 3 5.7 17 Prior coiling
Unknown 9.1 27 Present 6.1 18
Neuroendocrine carcinoma 9.1 27 Absent 54.8 163
Extrahepatic metastases Preexisting portal vein thrombosis
Yes 411 122 Partial 2.0 6
No 58.9 175 Complete 0.0 0
Endocrine symptoms None 96.0 285
Yes 28.7 85 Unknown 2.0 6
Carcinoid syndrome 5.7 17 Complications
Diabetes 6.4 19 Present 6.4 19
Flush 9.7 29 Vasospasm 0.3 1
Hedinger syndrome 1 3 Dissection 0.7 2
Hypertonia 0.7 2 Vascular occlusion 1.4 4
Hypoglycemia 1.3 4 Hypertonia 0.3 1
Zollinger-Ellison syndrome 0.7 2 Pain, hypertonia, or tachycardia 0.3 1
Unspecified 2.7 8 Complication associated with 0.3 1
No 67.3 200 contrast medium
Unknown 4.0 12 Coil dislocation 0.3 1
Therapy before Y RE Not specified 2.8 8
Yes 916 272 Absent 92.2 274
No 8.4 25 Unknown 1.4 4
Lung shunt fraction
=10% 87.9 261
total of 176 patients (1 treatment, 71.6% [126/176]; 2 treatments, 10% 9.8 29
26.7% [47/176]; 3 treatments, 0.7% [2/176]; 4 treatments, 0.3% Unknown 2.4 7

[1/176]). For glass microspheres, dosimetry planning was per-
formed using the single-compartment model with a perfused target
volume dose of 80—150 Gy. For resin microspheres, the body-sur-
face-area model was used. For resin microspheres, a mean activity
of 1.26 + 0.59 GBq was used for *°Y RE, and for glass micro-
spheres, the mean activity was 3.78 * 2.24 GBq.

%9y RE N NEUROENDOCRINE NEOPLASMS  +  Schaarschmidt et al.

In 44.3% (102/230) of all cases, patients had been treated only by
surgery or somatostatin analog therapy before °°Y RE (second-line
treatment, Fig. 2). In most other cases (55.7% [128/230]), *°Y RE
was performed in a salvage setting after extensive prior therapy.
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0.4% were lost to follow-up, and in 12.5%
(22/176) the last follow-up visit was used
for survival analysis. Mean OS after *°Y
RE was 38.9 = 33.0 mo.

After °Y RE, OS was longer in NET
patients (40.8 mo; 95% CI, 27.0-54.7 mo)
than in NEC patients (19.3mo; 95% CI,
8.1-35.1 mo) (Fig. 3A). Differences between

FIGURE 2. A 67-y-old man with grade 2 gastric NET and hepatic metastases. Hepatic tumor pro-
gression was observed with somatostatin analog treatment. (A) At time of °°Y RE, hepatic tumor bur-
den was less than 25%. (B) In angiographic evaluation, hypervascularized metastases were
detected in both liver lobes; thus, same-session sequential therapy of whole liver with °°Y glass
microspheres was performed. (C) At follow-up, partial response was observed, with residual metas-

tases in liver segment 4.

90y RE of the whole liver was used in 44.9% (108/230), and
sequential whole-liver therapies was used in separate sessions in
33.1% (76/230). °°Y RE was performed for a single lobe in 19.6%
(45/230) and for a selected liver part in 0.4% (1/230).

Second-line °°Y RE after a minimum of prior therapy (including
surgery of the primary tumor or hepatic metastasis and somato-
statin analog therapy) was used in 44.3% (102/230), whereas exten-
sive prior therapy was used in 55.7% (128/230).

Procedural complications were observed in 4.8% of all cases (11/
230, including 3 with vasospasm; 2 each with liver organ necrosis,
pain, or stasis of blood flow; and 1 each with sepsis/pain and hemody-
namic instability). No complications were observed in 73.7% (219/
230). °Y RE was not performed on 22.6% (67/297) (Table 3; Supple-
ment 3).

Survival Analysis
Entire Population. At the time of data collection, 59.7% of all
patients (105/176) were deceased, 27.3% (48/176) were still alive,

TABLE 3
Reasons for Canceling °°Y RE

Parameter % n
90y RE performed 77.4 230
%Y RE not performed 226 67
Reasons for canceling °°Y RE
Extrahepatic shunting 8.1 24
Lack of ®°™Tc-MAA accumulation 34 10
Worsening of patient’s general condition 2.0 6
Extrahepatic tumor progression 1.3 4
Different therapy 1.1 3
Hepatic tumor burden too high 1.1 3
Unfavorable vessel anatomy 1.1 3
Worsening of hepatic laboratory parameters 0.7 2
Residual primary tumor 0.3 1
Hepatic vessel occlusion 0.3 1
Inhomogeneous *°*™Tc-MAA distribution 03 1
Technical problems with vial 0.3 1
Contrast agent-associated problem 0.3 1
Patient did not appear 0.3 1
Unknown 2.0 6
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the 2 groups were found by the log rank test
(X(, = 6.88, P < 0.009). In NET patients,
patients with a grade 1 tumor had a more
prolonged median OS (79.3mo; 95% CI,
42.6-116.0 mo) than patients with a grade 2
tumor (30.6mo; 95% CI, 25.2-36.0 mo) or
grade 3 tumor (21.4mo; 95% CI, 10.7-32.1
mo) (Fig. 3B). According to the log rank
test, the survival distributions for the 3 different tumor grades were
statistically significant (sz) = 10.21, P < 0.006).

An increase in hepatic tumor burden was associated with a
reduction in median OS (burden < 25%: 63.2mo, 95% CI of
36.0-90.4mo; burden of 25%-50%: 30.3mo, 95% CI of
25.8-34.8 mo; burden > 50%: 22.5mo, 95% CI of 16.6-28.4 mo).
Significant differences among these 3 survival groups were
detected by the log rank test (X(zz) = 14.10, P = 0.001) (Fig. 3C).

Only slight differences were observed in OS after *°Y RE in
patients with different vascularization patterns of hepatic metastases
(hypervascularization: 40.5mo, 95% CI of 17.4-63.6 mo; hypovas-
cularization: 30.3 mo, 95% CI of 20.1-40.5 mo; and mixed appear-
ance: 17.7mo, 95% CI of 26.5-95.9). The log rank test found no
significant differences among the survival distributions for these 3
hepatic vascularization patterns (sz) = 1.6, P = 0.460) (Fig. 3D).

Median OS was similar in patients with extrahepatic metastases
(30.6mo; 95% CI, 19.4-41.8) and without (44.8mo; 95% CI,
29.8-59.8). No significant differences between the 2 survival
groups were observed in the log rank test (Xﬁz) = 0.931, P = 0.335)
(Fig. 3E; Supplements 4 and 5; Supplemental Fig. 1).

Second-Line Therapy Versus Salvage Setting. Patients who
received °°Y RE as second-line therapy had a slightly longer OS
(44.8mo; 95% CI, 24.2-65.4 mo) than patients who had °°Y RE
in a salvage setting (30.6 mo; 95% CI, 18.5-42.7) (Fig. 4A). How-
ever, the log rank test did not yield a statistically significant result
(X?z) = 3.109, P = 0.078).

Median hepatic PFS (15.9mo; 95% CI, 10.6-21.2 mo) and global
PFS (14.7 mo; 95% CI, 10.5-18.9 mo) were worse in patients under-
going *°Y RE in a salvage setting than in patients with °Y RE as sec-
ond-line therapy (hepatic PFS: 18.6mo, 95% CI of 14.0-23.2mo;
global PFS: 18.8mo, 95% CI of 8.3-29.3 mo). The log rank test
detected significant differences between the 2 survival groups for
hepatic PFS (X%Z) = 6.44, P = 0.011) and global PFS (X(zz) =6.63, P
= 0.010) (Figs. 4B and 4C; Supplement 6; Supplemental Fig. 2).

In patients receiving *°Y RE as salvage therapy, OS in patients
with prior PRRT (30.3 mo; 95% CI, 26.2-34.3 mo) was comparable
to that in patients who did not receive prior PRRT (36.2 mo; 95%
CI, 19.8-52.5 mo). No significant differences between the 2 groups
were found in the log rank test (Xﬁz) = 0.16, P = 0.692) (Fig. 5).

DISCUSSION

%Y RE is a possible alternative to a surgical approach to achieve
local tumor control in metastatic liver disease. However, alternatives
to *°Y RE are manifold, and systemic approaches such as PRRT or
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FIGURE 3. Kaplan—-Meier survival curves investigating influence of 6 different parameters on survival in entire population: tumor type (A), NET tumor
grading (B), hepatic tumor burden (C), metastatic vascularization (D), and extrahepatic metastases (E).

new chemotherapies challenge the concept of local liver *°Y RE in
general. Therefore, further data are necessary to balance the advan-
tages and disadvantages of all available therapies in NEN patients
with hepatic metastases. In this context, the results of this retrospec-
tive international multicenter study hold 3 key messages. First, sec-
ond-line ®°Y RE is associated with increased OS and a significant
increase in hepatic and global PFS, with OS slightly superior to that
seen in published PRRT data. Second, the vascularization type of
hepatic metastases does not significantly affect survival after
90Y RE. Third, the presence of extrahepatic metastases in patients
with liver-dominant disease does not significantly affect OS in
patients undergoing *°Y RE—neither in the entire population nor in
patients receiving *°Y RE as second-line therapy.

Successful surgical removal of hepatic metastases is associated
with 5-y survival rates of 64%—-100% (5,20), but only a minority
of patients is eligible for this procedure (5). In patients with
increased somatostatin expression who cannot undergo surgery,

systemic treatment using somatostatin analogs is considered the
treatment of choice in the latest guidelines (9—117). In patients with
progressive hepatic metastases, angiographic procedures such as
TAE, TACE, or °°Y RE or PRRT are possible treatment options.
Although comparative studies among these options are not avail-
able, PRRT is recommended as the second-line therapy of choice
in the most recent guidelines (9—/7). Because of the lack of data,
the treatment of sole hepatic metastases or liver-dominant disease
remains a controversial topic. In a recent recommendation by
Frilling et al., TAE, TACE, or °°Y RE is proposed as a possible
alternative in these 2 scenarios (21).

Our study results support these recommendations and further
raise the question of whether *°Y RE should be primarily per-
formed in specific scenarios as second-line treatment before PRRT.

We found that patients who had undergone °°Y RE as second-
line treatment did show a relevant increase in OS and a significant
increase in hepatic and global PFS, compared with patients with a
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more extensive pretreatment. OS in patients with °°Y RE as sec-
ond-line treatment was only slightly worse than the results of PRRT
in the Rotterdam cohort, with overlapping 95% Cls (44.8 mo, 95%
CI of 24.2-65.4 mo, vs. 63 mo, 95% CI of 55-72 mo) (22). Further-
more, the presence of extrahepatic metastases does not influence
OS after °Y RE as second-line therapy. In contrast to °Y RE in a
salvage setting, hepatic tumor burden has no significant impact on
0S if °Y RE is performed as a second-line therapy. Additionally,
our data indicate that in 22.6% of all cases, °°Y RE could not be
performed because of contraindications associated with advanced
hepatic disease such as shunting, a high tumor burden, or liver func-
tion deterioration. These findings further suggest that early *°Y RE
before PRRT could be beneficial in patients with the liver-dominant
disease. In this clinical pathway, a successful local, liver-directed
therapy using °°Y RE could be ensured independently of hepatic
tumor burden, and the risk of contraindications for °°Y RE caused
by advanced oncologic disease such as shunting could be avoided.

In certain scenarios, °°Y RE might yield even further benefits.
Although PRRT is limited to patients with increased somatostatin
receptor expression compared with the background hepatic uptake
(23), this requirement does not hinder °°Y RE. Even hypovascula-
rization of hepatic metastases in contrast-enhanced cross-sectional
imaging does not influence OS after °°Y RE. Additional benefits
of °°Y RE as second-line therapy in comparison to PRRT are
the possibility of continuing somatostatin analog therapy during
%Y RE, the absence of hematologic and renal toxicity, and the
possibility of performing °°Y RE as a l-stop-shop treatment in
contrast to the prolonged treatment duration of PRRT (/2,22).

Furthermore, the benefits to this therapeutic approach do not
seem to be limited to patients without extrahepatic metastases.
The presence of extrahepatic metastases in liver-dominant disease
did not have a significant impact on OS in our analysis and was
not associated with a significant hazard ratio, in contrast to previ-
ous studies (/2,24).

Hence, our findings stress the need for a prospective study com-
paring PRRT and *°Y RE as second-line treatment in patients with
progressive liver-dominant disease treated with somatostatin analogs.

Our study had some limitations. Because of its retrospective
nature and the combined analysis of °°Y RE performed with resin
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and glass microspheres, differences in the procedural technique
could be possible. These limitations could be circumvented only
by a prospective study. We did not perform a comparison between
20y RE and TAE or TACE. Because PRRT is recommended as
the therapy of choice, TAE and TACE are considered by some
authors as advantageous over °°Y RE to avoid radiation-induced
liver failure when PRRT and °°Y RE are combined (25). However,
recent findings by Braat et al., as well as our own findings on
0Y RE as salvage therapy in patients with and without prior
PRRT, indicate that *°Y RE can be performed safely after PRRT
without an increased risk of radiation-induced liver failure (26,27).
Furthermore, there are several distinct disadvantages of TAE or
TACE compared with °°Y RE, most notably the higher proportion
(=61%) of patients with pain, nausea, or treatment-associated
fever (25,28,29) and the need to perform multiple therapies (30).
Especially in the current raging coronavirus disease 2019 pan-
demic, °°Y RE might be advantageous because of the reduced
number of procedures necessary to achieve a favorable result and
lower therapy-associated complications. However, a randomized
trial between TAE or TACE and °°Y RE might improve the accep-
tance of interventional procedures in general in NET patients with
liver-dominant disease.

CONCLUSION

Our results show that °°Y RE has potential as second-line ther-
apy in patients with NENs with liver-dominant disease and thus
could be an important alternative to PRRT in certain scenarios.
However, a prospective study is necessary to support these prom-
ising data.
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KEY POINTS

QUESTION: Is °°Y RE a potential a treatment option in patients
with NENs?

PERTINENT FINDINGS: In this retrospective multicenter study,
second-line *°Y RE was associated with a significant increase in
PFS, with satisfactory OS rates. The presence of extrahepatic
metastases in patients with liver-dominant disease undergoing
9%Y RE did not affect OS.

IMPLICATIONS FOR PATIENT CARE: This study showed the
potential of *°Y RE as a treatment option in patients with NENs
with liver-dominant disease and thus could be an important alter-
native to PRRT.
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