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Radioembolization with yttrium-90 resin microspheres for
neuroendocrine tumor liver metastases
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PURPOSE
We aimed to evaluate the effectiveness and safety of radi-
oembolization with yttrium-90 (°°Y) microspheres in cases
with unresectable neuroendocrine tumor liver metastases
(NETLMs).

METHODS

Thirty patients (mean age, 55 years) underwent resin-based
%Y radioembolization for unresectable NETLM at a single in-
stitution between April 2008 and June 2013. Post-treatment
tumor response was assessed by cross-sectional imaging us-
ing the Response Evaluation Criteria in Solid Tumors (RECIST).
Prognostic variables that affected survival were determined.

RESULTS

The mean follow-up was 23.0+19.4 months and the median
overall survival was 39 months (95% Cl, 12.6-65.4 months),
with one- and two-year survival rates of 71% and 45%, re-
spectively. Imaging follow-up using RECIST at three-month
intervals demonstrated partial response in 43%, complete
remission in 3%, stable disease in 37%, and progressive dis-
ease in 17% of patients. Extent of tumor involvement was
found to have a statistically significant influence on overall
survival (P = 0.03). The existence of extrahepatic disease at
the time of radioembolization, radiographic response, age,
and primary neuroendocrine tumor site were not significant
prognostic factors.

CONCLUSION

The current study demonstrates the effectiveness and safe-
ty of radioembolization for the treatment of unresectable
NETLMs. We identified that the extent of tumor involvement
has a significant effect on overall survival. The use of imaging
methods reflecting metabolic activity or cellularity such as
scintigraphy or diffusion-weighted MRI would be more ap-
propriate, for the response evaluation of liver metastases after
radioembolization.
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euroendocrine tumors (NETs) are a heterogenous group of

slow-growing and hormon-releasing malignant tumors. Even

though primary NETs originate from a number of locations,
40%-70% of all carcinoids arise in the small intestine and appendix
(1, 2). The most common site for metastasis is the liver. Neuroendocrine
tumor liver metastasis (NETLM) results in hormone-secretion-related
symptoms leading to carcinoid syndrome, pressure on structures, or liver
replacement (1-4). Patients with liver metastasis have a five-year survival
rate of less than 20% (5). Over the years, improvements in local treat-
ments yielded better control of the symptoms and survival rates, yet only
10% of the patients have limited illness and are eligible for surgery (6).
Patient symptomatology and survival can be improved by transarterial
treatments like embolization and chemoembolization (6). Limitations of
these techniques include the short duration of the effects and the con-
troversial approaches regarding the optimal timing and sequence of the
procedures due to the variability of tumor progression (7, 8). Long-term
survival benefit was not achieved with systemic chemotherapy (9-11) and
treatment with somatostatin analogues is mostly associated with symp-
tomatic relief; there is no clear knowledge of their effect on survival of
patients who have carcinoid tumor and metastasis (12).

Selective internal radiation therapy (SIRT) has been used to treat un-
resectable primary and secondary liver cancers for over a decade. Yttri-
um-90 (°°Y) is a pure high-energy f emitter with a mean tissue penetra-
tion of 2.5 mm. The radioactive microspheres prefer tumoral vascular
distribution, so that normal liver tissue is relatively spared and high
doses are directed to the tumoral tissue (13). Also, radioembolization-re-
lated acute and subacute toxicities are seemingly more tolerable than
the ones related to other hepatic embolization procedures (14-16). In
this study, we aimed to evaluate the effectiveness and safety of *°Y mi-
crospheres in cases with unresectable NETLMs.

Methods

Thirty patients with histologically proven NETLMs treated by radi-
oembolization using resin *°Y microspheres (SIR-Spheres®; Sirtex, Syd-
ney, Australia) were identified retrospectively. Inclusion criteria were:
unresectable liver metastases; liver-dominant illness (patients diagnosed
with extrahepatic disease were included only if severe symptoms were
present as a result of the hepatic mass such as abdominal pain or carci-
noid syndrome—main goal for these patients was to palliate symptoms
by reducing the tumor size in the liver); disease not responding to al-
ternative treatment modalities including local ablation and surgical in-
tervention; a patent portal vein; adequate hematological, hepatic, renal



function; and arteriovenous shunting
<20% to the pulmonary vascular bed.
Patients with ascites, portal hyperten-
sion, contraindications for angiogra-
phy and selective visceral catheteriza-
tion, or expected survival <3 months
were excluded from the analysis.

A therapy-planning angiogram (Sie-
mens Artis Zee, Erlangen, Germany)
was performed by transfemoral ap-
proach. Arteriography for °Y micro-
sphere therapy planning is described
elsewhere in detail (17). Later, a 150
MBq dose of 99m technetium-labeled
macroaggregated albumin (99mTc-
MAA) was given through the catheter
to detect arteriovenous shunts from
the hepatic arteries to the pulmonary
vasculature or gastrointestinal tract.
Then, planar images of liver, abdo-
men, and thorax were acquired by a
dual-headed gamma camera (Opti-
ma, GE healthcare, Buckinghamshire,
United Kingdom) and the shunt to the
pulmonary vasculature was calculated
using regions-of-interest from the lung
and the liver.

The *°Y dose was calculated using
body surface area (BSA) method: ac-
tivity (GBq)=(BSA-0.2)+tumor volume/
total liver volume. In cases where ex-
trahepatic deposition of microspheres
were suspected, extrahepatic arteries
originating from the hepatic arteries
were excluded using microcoil embo-
lization (13).

After the initial therapy-planning
arteriography, another hepatic arte-
rial catheterization was performed
and °°Y resin microspheres were in-
jected with intermittent fluoroscopic
visualization. Antegrade hepatic ar-
terial flow was evaluated with inter-
mittently injected contrast material.
Our therapeutic approach for patients
with unilobar disease was treating the
pathologic hepatic lobe. For patients
with bilobar disease we performed
whole hepatic treatment in two seper-
ate injections. Bremsstrahlung images
were obtained within 1-24 hours after
treatment, to confirm that *°Y isotope
is accumulated only in the hepatic
parenchyma. All patients were hos-
pitalized overnight. Analgesics, H2
receptor antagonists and antiemetics
were used, if necessary. Patients were
inspected until acute or late toxicities
were resolved.

Patients were routinely checked via
scheduled laboratory tests and imag-
ing every three-months in the course
of follow-up period until death. Tar-
geted lesions were scanned by con-
trast-enhanced computed tomography
(CT), and Response Criteria in Solid
Tumors (RECIST) guidelines were used
to determine the tumor response (18).

SPSS version 15.0 (SPSS Inc., Chica-
go, Illinois, USA) was used for statis-
tical analysis. Comparison of rates of
radiological response and mortality
in two groups was performed using
the chi-square test. Survival rates were
calculated using the Kaplan-Meier
method. Effects of different factors on
survival rates were analyzed by Cox re-
gression model. Statistical significance
was accepted as P < 0.05.

Results

Between April 2008 and June 2013,
30 patients (11 women and 19 men)
with NETLM underwent radioemboli-
zation using *°Y resin microspheres. The
mean age at the time of treatment was
55.2£11.8 years (range, 27-75 years).
The primary NET site was the pancreas
in seven patients (23%), small bowel
in six patients (20%), large bowel/rec-
tum in five patients (17%), bronchus
in two patients (7%), and unknown in
10 patients (33%). At study entry, nine
patients (30%) had pathological or
radiological evidence of extrahepatic
metastatic disease. Before the interven-
tion, estimated liver involvement was
1%-25% in 11 patients (37%), 26%-
50% in eight patients (27%), 51%-75%
in nine patients (30%), and 76%-100%
in two patients (7%) (Table 1).

Previous treatments included sur-
gery in 17 patients, resection of the
primary tumor and hepatic metastasis
followed by systemic chemotherapy
in 10 patients, chemoembolization in
six patients, octreotide therapy in four
patients, interferon-alpha treatment
in two patients, ablation in two pa-
tients and radionuclide therapy (DO-
TA-TATE) in two patients (Table 1).

A total of 38 therapy sessions were
performed, including eight bilobar he-
patic, 25 right lobar, and five left lo-
bar treatments. Four patients had two
sessions and two patients had three
sessions. Estimated mean therapy dose
was 1.65+0.14 GBq (range, 1.4-2.0
GBq). Decreasing the estimated dose

or terminating the treatment was not
needed, because leakage to the lungs
was less than 20% in all patients.

The technical performance was
100% successful. We did not experi-
ence any intervention-related compli-
cations. Post-radioembolization syn-
drome (mild abdominal pain, nausea,
and subfebrile fever) was seen in all
patients and they were given H2 recep-
tor blocker, non-opioid analgesic, and
antiemetics to overcome this compli-
cation. Symptoms were relieved within
one week and totally resolved within
30 days. Bremsstrahlung imaging per-
formed 24 hours after the therapy did
not show any activity outside the he-
patic parenchyma. Two patients had
radiation-induced gastritis confirmed
by endoscopy/biopsy at one, two,
and six months after therapy. One of
these patients died at six months with
progressive liver disease. The other
patient had persisting ulceration at
nine-month follow-up. Screening an-
giogram/99mTc-MAA scans were re-
assessed in these two patients, but no
aberrant anatomy was detected before
Y treatment. We coiled the gastro-du-
odenal artery to prevent *°Y reflux to
the stomach in these patients.

The mean follow-up was 23.0+19.4
months (range, 2-62 months); 17 of
30 patients (57%) were still alive at the
time of analysis. The median overall
survival was 39.0 months (95% con-
fidence interval, 12.6-65.4 months)
(Fig. 1), with 71% one-year survival
and 45% two-year survival.

Contrast-enhanced CT images were
available in 29 patients, while one pa-
tient was lost to imaging follow-up.
Imaging follow-up using RECIST at
three-month intervals demonstrated
partial response in 43% (Fig. 2), com-
plete remission in 3%, stable disease in
37%, and progressive disease in 17% of
patients.

Patients with and without extrahe-
patic metastasis did not differ signifi-
cantly in terms of mortality (44% [4/9]
vs. 42% [9/21], P=0.936) and radiolog-
ic response (33% [3/9] vs. 52% [11/21],
P =0.338).

We analysed five clinical factors for
their prognostic value on overall sur-
vival by Cox regression model (P =
0.030). Extent of tumor involvement,
evaluated in four groups of 1%-25%,
26%-50%, 51%-75%, and 76%-100%,
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Table 1. Baseline characteristics of patients

Gender
Male
Female
Age (years), median (range)
Primary tumor site
Pancreas
Small bowel
Large bowel/rectum
Bronchus
Unknown
Previous treatment
Surgery
Chemotherapy
Chemoembolization
Octreotide
Interferon o
RFA
Radionuclide therapy (DOTA-TATE)
Surgery and TACE
Surgery and systemic therapy
Surgery, TACE, and systemic therapy
Surgery and RFA
Tumor volume
<25%
26%-50%
51%-75%
76%-100%
Extrahepatic disease
Present

Absent

19 (63)
11 37)
55 (27-75)

7(23)
6 (20)
5(17)
2(7)
10 (33)

17 (57)
10 (33)
6 (20)
4(13)
2(7)
2(7)
2(@7)
13)
5(17)
3(10)
13)

11 (37)
8 (27)
9 (30)
2(@7)

9 (30)
21 (70)

Unless otherwise specified, data are given as n (%).

RFA, radiofrequency ablation; DOTA-TATE, tetraazacyclododecane tetraacetic acid-octreotate; TACE,

transarterial chemoembolization.

was found to have a statistically signif-
icant influence on overall survival (P =
0.033). The existence of extrahepatic
disease at the time of radioemboliza-
tion (P = 0.742), radiographic response
(P=0.251), age (P =0.653), and prima-
ry NET site (P = 0.335) were not signifi-
cant prognostic factors (Table 2).

Discussion

Patients with NETLMs have a five-
year survival rate of 40%, while pa-
tients with nonhepatic metastatic

disease have a five-year survival rate
of 75%-99% (19). Surgical interven-
tion in selected patients may increase
five-year symptom-free survival rate
up to 70%. However, options for sur-
gical interventions are limited, and
thus, aggressive local therapies such
as embolization with or without che-
motherapy (20-23) and external beam
radiotherapy (24-27) have been used
to treat hepatic metastases from NETs
(28). For unresectable NETLM, radio-
embolization with °°Y microspheres
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has emerged as a novel treatment op-
tion.

Paprottka et al. (29) worked on 42 pa-
tients treated with resin microspheres.
The mean follow-up for 40 patients was
16.2 months. Three-month follow-up
demonstrated partial response (22.5%),
stable disease (75%), and progressive
disease (2.5%). Hepatic lesions were
partially necrotic or hypovascular in
97.5% of patients. King et al. (30) re-
ported that the mean survival rate for
34 patients treated with *°Y resin mi-
crospheres was 27.6 months, and com-
plete or partial response was obtained
in 50% of these patients. Another study
by Rhee et al. (31) compared the effec-
tiveness of resin-based and glass-based
microbeads. Results indicated that the
median survival for patients exposed to
resin-based microsphere therapy (20 of
42 patients) was 28 months, whereas
patients who received glass-based ther-
apy (22 of 42 patients) had a median
survival time of 22 months. A recent
multicenter retrospective review of 148
patients by Kennedy et al. (32) showed
that the median survival of 63.2% of
patients having a good radiologic re-
sponse to treatment with resin-based
Y microspheres was 70 months. Their
study was the largest to date, with a me-
dian follow-up of 42 months and 7%
lost to follow-up; however, it did not
include information on prognostic fac-
tors for a favorable survival. Like previ-
ous studies (29-32), our data also shows
the effectiveness of this treatment,
with 13 patients (43%) obtaining par-
tial response and one patient (3%) ob-
taining complete remission. The mean
follow-up was 23.0£19.4 months, and
the median survival in our study was
39.0£13.5 months with a two-year sur-
vival of 45%. Our results indicate that
radioembolization with °°Y resin micro-
spheres is an effective treatment modal-
ity in patients with treatment-resistant
NETLMs. However, patients were not
uniform in their previous treatments,
since many patients received chemo-
therapy, surgery, chemoembolization,
ablation, or a combination of thera-
pies before radioembolization. Previous
treatment might affect the overall result
of subsequent radioembolization.

Cao et al. (33) reported that among
51 patients who had evaluable disease,
six (12%) showed complete remission,

Peker et al.
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Figure 1. Kaplan Meier cumulative survival curve of the whole patient group.

Table 2. Investigation of multiple risk factors for possible predictors of overall survival by
multivariate cox proportional hazard regression method

95% Cl for Exp(B)

P Exp(B) Lower Upper
Presence of extrahepatic metastases 0.742 1.30 0.26 6.36
Presence of radiological response 0.251 2.28 0.55 9.41
Advanced age 0.653 0.98 0.92 1.04
Tumor volume (1%-25%)* 0.033
Tumor volume (26%-50%) 0.465 1.85 0.35 9.79
Tumor volume (51%-75%) 0.031 6.33 1.18 33.82
Tumor volume (76%-100%) 0.009 16.56 2.00 136.85
Primary location (unknown)* 0.335
Primary location (pancreas) 0.579 0.49 0.04 6.05
Primary location (appendix) 0.799 1.45 0.08 26.41
Primary location (ileum) 0.817 0.66 0.02 22.33
Primary location (rectum) 0.975 0.00 0.00 0.00
Primary location (colon) 0.143 9.39 0.46 188.71
Primary location (lung) 0.682 0.51 0.02 11.99

*Reference category.

14 (27%) showed partial response, 14
(27%) had stable disease, and 17 (33%)
showed progressive disease. There was
complete remission in six patients with
NETLMs; this may be due to lesser tu-

mor burden and earlier disease stages.
The median survival was 36 months.
The significant prognostic factors for
overall survival were radiological re-
sponse to treatment, extent of tumor

involvement, tumor grade, and extra-
hepatic disease.

Saxena et al. (34) included 48 pa-
tients who received resin-based mi-
crospheres. The median survival of
the group was 35 months. Imaging
results showed that, among the treat-
ed patients, seven (15%) had com-
plete remission, 19 (40%) had partial
response, 11 (23%) had stable disease,
and 11 (23%) had progressive disease.
Complete remission/partial response,
well-differentiated tumor, female gen-
der, low hepatic tumor burden, and
absence of extrahepatic metastasis
were found to have a statistically sig-
nificant impact on overall survival.

In contrast to the studies of Cao et
al. (33) and Saxena et al. (34), existence
of extrahepatic disease at the time of
radioembolization and radiographic
response were not significant prognos-
tic factors in our study. This may be
due to smaller number of patients in
our study. But in line with their results
we found that the extent of tumor in-
volvement had a statistically signifi-
cant impact on overall survival.

We observed that most of the stable
lesions in our patient group appeared
hypovascular and partially necrotic
after treatment, but they did not meet
the criteria for response according to
RECIST (Fig. 3). Using '"'In-octreotide
scintigraphy, five of 11 patients with
stable disease showed metabolic in-
activation, which can be regarded as
a therapy performance (Fig. 4). De-
creasing standardized uptake value in
high metabolic lesions, as well as the
absence of new lesions are considered
to indicate good metabolic response
and outcome (35). Therefore, we sug-
gest that, imaging methods reflecting
metabolic activity like ''In-octreotide
scintigraphy or cellularity like diffu-
sion-weighted MRI can be preferred for
the evaluation of liver metastases after
radioembolization.

Our study has a number of limita-
tions. The major limitation is that our
patients had various kinds of thera-
pies before radioembolization, which
might have affected the overall result
of subsequent radioembolization. In
addition, our study has a retrospective
design; the number of patients is less
than the previous studies; and it is fo-
cused on radiological response, with-
out considering serological markers.
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Figure 2. a, b. Axial pretreatment (a) and post-treatment (b) CT images show reduction in size

which is consistent with partial response.

Figure 3. a, b. Axial pretreatment (a) and post-treatment (b) CT images. As there is no significant
size reduction, it is accepted as stable disease. However, necrosis has developed at the central

portion of the lesion.

Figure 4. a, b. Pretreatment (a) and post-treatment (b) planar '"'In-octreotide scintigraphy images
of a 65-year-old female patient who received 1.6 GBq selective internal radiation therapy for

neuroendocrine tumor liver metastases.

Also, it would have been better to have
multiphase CT for determining the re-
sponse, because NETs are hypervascu-
lar, which is another limitation of our
study.

In conclusion, our study demon-
strates the effectiveness and safety of
radioembolization for the treatment
of hepatic metastases from NETs. We
identified that the extent of tumor
involvement has a significant effect

on overall survival. We suggest that
it would be better to choose imaging
methods like scintigraphy or diffusion
weighted MRI, for the evaluation of
treatment response of liver metastases
after radioembolization. Future studies
should focus on significant factors that
may influence patient selection pro-
cess and choosing the right imaging
methods for evaluating the post-ther-
apy response.

58 ¢ January-February 2015 ¢ Diagnostic and Interventional Radiology

1.

10.

11.

12.

13.

14.

Akerstrom G, Hellman P, Hessman O,
Osmak L. Management of midgut carci-
noids. ] Surg Oncol 2005; 89:161-169.
[CrossRef]

Oberg K. Carcinoid tumours: molecular
genetics, tumour biology, and update of
diagnosis and treatment. Curr Opin On-
col 2002; 14:38-45. [CrossRef]

Delcore R, Friesen SR. Gastrointestinal
neuroendocrine tumours. ] Am Coll Surg
1994; 178:187-211.

Modlin IM, Kidd M, Latich I, Zikusoka
MN, Shapiro MD. Current status of gas-
trointestinal carcinoids. Gastroenterology
2005; 128:1717-1751. [CrossRef]

. Oberg K. Neuroendocrine gastrointestinal

tumours. A condensed overview of diag-
nosis and treatment. Ann Oncol 1999;
10(suppl 2): 3-8. [CrossRef]

Madoff DC, Gupta S, Ahrar K, Murthy
R, Yao JC. Update on the management
of neuroendocrine hepatic metastases. ]
Vasc Interv Radiol 2006; 17:1235-1250.
[CrossRef]

Gupta S, Johnson MM, Murthy R, et al. He-
patic arterial embolization and chemoem-
bolization for the treatment of patients with
metastatic neuroendocrine tumours: vari-
ables affecting response rates and survival.
Cancer 2005; 104:1590-1602. [CrossRef]
Ruszniewski P, Malka D. Hepatic arterial
chemoembolization in the management
of advanced digestive endocrine tumours.
Digestion 2000; 62:79-83. [CrossRef]
Sutcliffe R, Maguire D, Ramage ], et al.
Management of neuroendocrine liver
metastases. Am ] Surg 2004; 187:39-46.
[CrossRef]

O’Toole D, Hentic O, Corcos O, et al. Che-
motherapy for gastro-enteropancreatic
endocrine tumours. Neuroendocrinology
2004; 80:79-84. [CrossRef]

Sun W, Lipsitz S, Catalano P, et al. Phase
11/111 study of doxorubicin with fluoroura-
cil compared with streptozocin with fluo-
rouracil or dacarbazine in the treatment
of advanced carcinoid tumours: Eastern
Cooperative Oncology Group Study
E1281. J Clin Oncol 2005; 23:4897-4904.
[CrossRef]

Oberg K, Kvols L, Caplin M, et al. Con-
sensus report on the use of somatostatin
analogs for the management of neuroen-
docrine tumours of the gastroenteropancre-
atic system. Ann Oncol 2004; 15:966-973.
[CrossRef]

Kalinowski M, Dressler M, Konig A, et al.
Selective internal radiotherapy with Yttri-
um-90 microspheres for hepatic metastat-
ic neuroendocrine tumours: a prospec-
tive single center study. Digestion 2009;
79:137-142. [CrossRef]

Murthy R, Nunez R, Szklaruk J. Yttri-
um-90 microsphere therapy for hepatic
malignancy: Devices, indications, techni-
cal considerations, and potential compli-
cations. Radiographics 2005; 25(suppl 1):
41-55. [CrossRef]

Peker et al.


http://dx.doi.org/10.1002/jso.20188
http://dx.doi.org/10.1097/00001622-200201000-00008
http://dx.doi.org/10.1053/j.gastro.2005.03.038
http://dx.doi.org/10.1093/annonc/10.suppl_2.S3
http://dx.doi.org/10.1097/01.RVI.0000232177.57950.71
http://dx.doi.org/10.1002/cncr.21389
http://dx.doi.org/10.1159/000051860
http://dx.doi.org/10.1016/j.amjsurg.2003.04.007
http://dx.doi.org/10.1159/000080747
http://dx.doi.org/10.1200/JCO.2005.03.616
http://dx.doi.org/10.1093/annonc/mdh216
http://dx.doi.org/10.1159/000209849
http://dx.doi.org/10.1148/rg.25si055515

15.

16.

17.

18.

19.

20.

Gray B, Van Hazel G, Hope M, et al. Ran-
domised trial of SIR-Spheres plus chemo-
therapy vs. chemotherapy alone for treat-
ing patients with liver metastases from
primary large bowel cancer. Ann Oncol
2001; 12:1711-1720. [CrossRef]

Carr B. Hepatic arterial 90Yttrium glass mi-
crospheres (Therasphere) for unresectable
hepatocellular carcinoma: interim safety
and survival data on 65 patients. Liver
Transpl 2004; 10:107-110. [CrossRef]
Salem R, Thurston KG. Radioemboliza-
tion with yttrium-90 microspheres: a
state-of-the-art brachytherapy treatment
for primary and secondary liver malig-
nancies. Part 3. Comprehensive literature
review and future direction. J Vasc Interv
Radiol 2006; 17:1571-1593. [CrossRef]
Therasse P, Arbuck SG, Eisenhauer EA,
et al. New guidelines to evaluate the re-
sponse to treatment in solid tumours.
European Organization for Research and
Treatment of Cancer, National Cancer In-
stitute of the United States, National Can-
cer Institute of Canada. Natl Cancer Inst
2000; 92:205-216. [CrossRef]

Veenendaal LM, Borel Rinkes IH, Lips CJ,
van Hillegersberg R. Liver metastases of
neuroendocrine tumours: early reduction
of tumour load to improve life expec-
tancy. World ] Surg Oncol 2006; 4:35.
[CrossRef]

Brown KT, Koh BY, Brody LA, et al. Par-
ticle embolization of hepatic neuroendo-
crine metastases for control of pain and
hormonal symptoms. ] Vasc Interv Radiol
1999; 10:397-403. [CrossRef]

21.

22.

23.

24.

25.

26.

27.

28.

Kress O, Wagner HJ, Wied M, Klose KJ, Ar-
nold R, Alfke H. Transarterial chemoem-
bolization of advanced liver metastases
of neuroendocrine tumours retrospective
single-center analysis. Digestion 2003;
68:94-101. [CrossRef]

Osborne DA, Zervos EE, Strosberg J, et al.
Improved outcome with cytoreduction
versus embolization for symptomatic
hepatic metastases of carcinoid and neu-
roendocrine tumours. Ann Surg Oncol
2006; 13:572-581. [CrossRef]

Therasse E, Breittmayer F, Roche A, et al.
Transcatheter chemoembolization of pro-
gressive carcinoid liver metastasis. Radiol-
ogy 1993; 189:541-547.[CrossRef]
Abrams RA, King D, Wilson JF. Objective
response of malignant carcinoid to ra-
diation therapy. Int J Radiat Oncol Biol
Physiol 1987; 13:869-873. [CrossRef]
Chakravarthy A, Abrams RA. Radiation
therapy in the management of patients
with malignant carcinoid tumours. Can-
cer 1995; 75:1386-1390. [CrossRef]
Samlowski WE, Eyre HJ, Sause WT. Evalua-
tion of the response of unresectable carcinoid
tumours to radiotherapy. Int ] Radiat Oncol
Biol Physiol 1986; 12:301-305. [CrossRef]
Schupak KD, Wallner KE. The role of ra-
diation therapy in the treatment of lo-
cally unresectable or metastatic carcinoid
tumours. Int J Radiat Oncol Biol Physiol
1991; 20:489-495. [CrossRef]

Musunuru S, Chen H, Rajpal S, et al. Met-
astatic neuroendocrine hepatic tumours:
resection improves survival. Arch Surg
2006; 141:1000-1004. [CrossRef]

29.

30.

31.

32.

33.

34.

35.

Paprottka PM, Hoffmann RT, Haug A, et al.
Radioembolization of symptomatic, unre-
sectable neuroendocrine hepatic metastases
using yttrium-90 microspheres. Cardiovasc
Interv Radiol 2012; 35:334-342. [CrossRef]
King J, Quinn R, Glenn DM, et al. Radi-
oembolization with selective internal ra-
diation microspheres for neuroendocrine
liver metastases. Cancer 2008; 113:921-
929. [CrossRef]

Rhee TK, Lewandowski RJ, Liu DM, et al.
Radioembolization for metastatic neuroen-
docrine liver tumours: preliminary results
from a multi-institutional experience. Ann
Surg 2008; 247:1029-1035. [CrossRef]
Kennedy AS, Dezarn WA, McNeillie P, et
al. Radioembolization for unresectable
neuroendocrine hepatic metastases using
resin 90Y-Microspheres: early results in
148 patients. Am J Clin Oncol 2008; 31:
271-279. [CrossRef]

Cao CQ, Yan TD, Bester L, Liauw W, Mor-
ris L. Radioembolization with yttrium
microspheres for neuroendocrine tumour
liver metastases. Br J Surg 2010; 97:537-
543. [CrossRef]

Saxena A, Chua TC, Bester L, Kokandi A,
Morris DL. Factors predicting response
and survival after yttrium-90 radioembo-
lization of unresectable neuroendocrine
tumour liver metastases: a critical apprais-
al of 48 cases. Ann Surg 2010; 251:910-
916. [CrossRef]

Peynircioglu B, Cil B, Bozkurt F, Aydemir
E, Ugur O, Balkanci F. Radioembolization
for the treatment of unresectable liver
cancer: initial experience at a single cen-
ter. Diagn Interv Radiol 2010; 16:70-78.

Radioembolization with *Y microspheres for neuroendocrine tumor liver metastases ¢ 59


http://dx.doi.org/10.1023/A:1013569329846
http://dx.doi.org/10.1002/lt.20036
http://dx.doi.org/10.1097/01.RVI.0000236744.34720.73
http://dx.doi.org/10.1093/jnci/92.3.205
http://dx.doi.org/10.1186/1477-7819-4-35
http://dx.doi.org/10.1016/S1051-0443%2899%2970055-2
http://dx.doi.org/10.1159/000074522
http://dx.doi.org/10.1245/ASO.2006.03.071
http://dx.doi.org/10.1148/radiology.189.2.7692465
http://dx.doi.org/10.1016/0360-3016%2887%2990101-5
http://dx.doi.org/10.1002/1097-0142%2819950315%2975:6%3C1386::AID-CNCR2820750622%3E3.0.CO%3B2-U
http://dx.doi.org/10.1016/0360-3016%2886%2990342-1
http://dx.doi.org/10.1016/0360-3016%2891%2990061-8
http://dx.doi.org/10.1001/archsurg.141.10.1000
http://dx.doi.org/10.1007/s00270-011-0248-1
http://dx.doi.org/10.1002/cncr.23685
http://dx.doi.org/10.1097/SLA.0b013e3181728a45
http://dx.doi.org/10.1097/COC.0b013e31815e4557
http://dx.doi.org/10.1002/bjs.6931
http://dx.doi.org/10.1097/SLA.0b013e3181d3d24a



