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Abstract

Purpose Radioembolization of liver metastases of neu-

roendocrine neoplasms (NEN) has shown promising

results; however, the current literature is of limited quality.

A large international, multicentre retrospective study was

designed to address several shortcomings of the current

literature.

Materials 244 NEN patients with different NEN grades

were included.

Methods Primary outcome parameters were radiologic

response 3 and 6 months after treatment according to

RECIST 1.1 and mRECIST. Secondary outcome parame-

ters included clinical response, clinical and biochemical

toxicities.

Results Radioembolization resulted in CR in 2%, PR in

14%, SD in 75% and PD 9% according to RECIST 1.1 and

in CR in 8%, PR in 35%, SD in 48% and PD in 9%

according to mRECIST. Objective response rates improved

over time in 20% and 26% according to RECIST 1.1. and

mRECIST, respectively. Most common new grade 3–4

biochemical toxicity was lymphocytopenia (6.7%). No

unexpected clinical toxicities occurred. Radioemboliza-

tion-specific complications occurred in\ 4%. In symp-

tomatic patients, improvement and resolution of symptoms

occurred in 44% and 34%, respectively. Median overall

survival from first radioembolization was 3.7, 2.7 and

0.7 years for G1, G2 and G3, respectively. Objective

response is independent of NEN grade or primary tumour

origin. Significant prognostic factors for survival were

NEN grade/Ki67 index, C 75% intrahepatic tumour load,

the presence of extrahepatic disease and disease control

rate according to RECIST 1.1.

Conclusion Safety and efficacy of radioembolization in

NEN patients was confirmed with a high disease control

rate of 91% in progressive patients and alleviation of NEN-

related symptoms in 79% of symptomatic patients.

Level of evidence 4.
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Introduction

Neuroendocrine neoplasm (NEN) is a generic term for a

class of rare tumours, consisting of an array of many dif-

ferent tumour types with steadily rising incidence. NEN

can be divided by tumour grading, in accordance with the

World Health Organization/European NeuroEndocrine

Tumour Society (WHO/ENETS) grading system [1, 2]. At

diagnosis, 21% of grade 1 neuroendocrine tumours (NET),

30% of grade 2 NET and 50% of grade 3 NET (or neu-

roendocrine carcinoma = NEC) patients demonstrate dis-

tant metastases, of which the liver is the most commonly

affected site [3, 4]. Once NEN patients are diagnosed with

liver metastasis, only about 20–30% are eligible for sur-

gical resection with curative intent, due to frequently pre-

sent bilobar liver infiltration [3, 5]. With just a few

randomized controlled trials providing evidence for effi-

cacy of systemic therapeutic options in advanced NEN and

no randomized controlled trials comparing efficacy of

locoregional interventions, apart from several guidelines,

there is little evidence to guide the choice of treatment for

these patients [6–10].

Radioembolization has gained interest due to reports on

promising results with limited toxicities. However, in

current studies, NEN patients are often presented within a

mixed population of non-NEN tumour types, and mostly in

small numbers [11, 12]. Furthermore, many publications do

not adequately report baseline characteristics, such as

tumour grading and origin of the primary tumour, and if

reported, these baseline characteristics are mostly not

correlated to response or to survival [11, 12]. At the same

time, large prospective studies and randomized controlled

trials are notoriously difficult for NEN, due to its relatively

rare occurrence, the large heterogeneity among NEN

patients and the heavily pre-treated population that presents

for liver-directed therapies. In this international, multi-

centre, retrospective study, we investigated efficacy and

toxicity of a first radioembolization treatment in NEN with

yttrium-90 (90Y) resin microspheres (SIRSpheres�, Sirtex

Medical, Sydney, Australia) and focussed on missing data

in the current literature.

Methods

All retrospective data were gathered in the period of July

2015 until October 2016 in eight participating hospitals in

Europe and the USA (Supplemental Table 1) by the first

author to ensure consistent data gathering. The inclusion

criteria were patients with histologically proven NEN, of

any origin, with at least baseline and 3 ± 1.5 month fol-

low-up cross-sectional imaging (i.e. contrast-enhanced

computed tomography = CT or magnetic resonance imag-

ing = MRI). Additionally, biochemical and haematological

laboratory data available after radioembolization with 90Y

resin microspheres were gathered. If available, imaging up

to 6 ± 1 months after treatment was collected. Baseline

and follow-up imaging had to be the same imaging

modality (either CT or MRI). If patients received multiple

radioembolization treatments, of one lobe or whole liver,

only the first treatment was evaluated. This to obtain a

comparable and reliable toxicity profile, as repeated

radioembolization treatments are known to have more

treatment-related toxicities [13]. Baseline patient and

tumour characteristics, angiography and treatment specifics

were gathered according to the reporting standards rec-

ommended for radioembolization [14]. Histological diag-

nosis of a NEN was confirmed on a surgical specimen or

biopsy. Intrahepatic tumour load was visually estimated,

and the number of intrahepatic lesions was counted.

Prior to the actual radioembolization treatment, all

patients received a treatment simulation during a prepara-

tory angiography, in which the microcatheter position is

determined for the actual treatment, followed by intra-ar-

terial injection of technetium-99m macroaggregated albu-

min (99mTc-MAA). After the preparatory angiography, the

patient is transported to the nuclear medicine department

for planar imaging and SPECT or SPECT/CT. On planar

imaging, the lung shunt fraction (LSF) is calculated, and

based on the LSF, the physician could consider a dose

reduction for treatment. On SPECT(/CT), extrahepatic

depositions of the radiopharmaceutical were excluded prior

to treatment. Within weeks following the preparatory

angiography and imaging, the patient received radioem-

bolization treatment. Prophylactic intravenous octreotide

infusion or prophylactic antibiotic treatment was given at

the discretion of the treating physician and according to the

institutes’ guideline.

Study Outcome Parameters

The primary outcome parameter was imaging response

after radioembolization of the liver disease only, defined

according to Response Evaluation Criteria In Solid

Tumours, version 1.1 (RECIST 1.1), and modified RECIST

(mRECIST; in case multiphase imaging was available for

hypervascular tumours) after 3 months [15, 16]. RECIST

1.1 was used, because it is currently the most commonly

applied response criterion in the NEN literature. mRECIST

was used for comparison to other previously published

articles, and mRECIST is advised for the assessment of
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hypervascular liver metastases. Imaging evaluation was

performed by three experienced physicians. The largest

diameter in axial plane of two representative intrahepatic

target lesions was selected on baseline imaging, one in

each lobe in the case of a whole liver treatment or one in

different liver segments in case of a lobar treatment, thus

representing the whole treated intrahepatic tumour load.

Objective response rate (ORR) was defined as complete

response (CR) plus partial response (PR). Disease control

rate (DCR) was defined as CR, PR plus stable disease (SD).

Secondary outcome parameters included clinical

response (improvement of symptoms) and clinical toxici-

ties (adverse events) within 3 months, and within 6 months

after treatment. Biochemical and haematological toxicities

at 4–8 weeks and at 3 months were assessed according to

the Common Terminology Criteria for Adverse Events

(CTCAE) version 4.03 [17]. To assess overall survival

(OS), date of death or date of last contact (when lost to

follow up) was collected and as OS might be influenced by

treatments following radioembolization, additional treat-

ments following radioembolization were collected as well.

Progression-free survival (PFS) analysis was not reliable in

this retrospective series.

Statistical Analysis

Survival curves were estimated using the Kaplan–Meier

method and assessed with the log-rank test. The following

variables were tested: tumour origin, NEN grade, Ki67

index, mitotic count, tumour differentiation, number of

intrahepatic lesions, intrahepatic tumour load, resection of

the primary tumour, the presence of extrahepatic disease at

time of treatment, LSF based on 99mTc-MAA and elevated

bilirubin levels at baseline. On the basis of the current

literature, the following variables were studied for their

value in predicting longer OS: NEN grade, elevated

bilirubin levels, intrahepatic tumour load, the presence of

extrahepatic disease, LSF, DCR according to RECIST after

radioembolization [11, 18–23]. Continuous variables of

intrahepatic tumour load (C 75% vs.\ 75%) [20] and LSF

(B 10% vs.[ 10%) [18] were dichotomized in order to

test the influence on OS from radioembolization. Variables

that were not significant in univariate Cox regression

analyses were not excluded for multivariate analyses.

Therefore, we started with all preselected variables and

subsequently eliminated the variables by backwards

selection with a threshold p value of 0.20. Of all analyses,

95% confidence intervals (95% CI) [lower–upper bound-

aries] were reported. p values smaller than 0.05 were

considered significant in all tests. The database was anal-

ysed using IBM SPSS statistics for Windows version 23.0

(IBM, Armonk, NY).

Results

Two hundred and forty-four patients were included in this

retrospective analysis and treated between July 2004 and

May 2016. Twenty-four patients received multiple

radioembolization treatments (up to four treatments), of

which only the first treatment was analysed. Patient

demographics and baseline characteristics are shown in

Table 1. Prior to radioembolization, 91% had progressive

disease, clinically (increase in symptoms or tumour mar-

ker) or on imaging. Most patients had diffuse liver

metastases (Table 2) [3, 5]. Median time to radioem-

bolization after diagnosis was 4.0 years (range 75 days–

33 years).

At 3 months, all 244 patients had follow-up imaging and

47.5% had multiphase contrast-enhanced imaging. At

6 months, follow-up imaging was available in 51.6% and

multiphase contrast-enhanced imaging in 28.7%. Pre-

treatment and follow-up imaging was performed with

contrast-enhanced CT in 190 patients and with gadolinium

enhanced MRI in 54 patients.

Treatments received after radioembolization are sum-

marized in Supplemental Table 2. Follow-up period for

available clinical data ranged from 51 days (patient lost to

follow-up) to 12 years (patient alive at time of analysis). At

time of analysis, 128/244 (52.5%) patients had died.

Procedure Details

No extrahepatic depositions of 99mTc-MAA were found.

Median LSF was 5.6% (range 0.7–33%), with just one

patient having an LSF exceeding 20% (i.e. 33%), who

received a whole liver treatment in one session without an

activity reduction. He did not develop a radiation pneu-

monitis afterwards. Median net administered 90Y activity

was 1.8 GBq and mostly calculated by the body surface

area (BSA) method (Table 2).

Efficacy

DCR of[ 90% was observed at 3 and 6 months follow-up

(Table 3). Achieved response rates after treatment

according to both RECIST 1.1 and mRECIST are not

correlated to NEN grade (Fig. 1). A similar figure arises

when looking at the most common primary tumour origins.

Figure 2 depicts the changes in response assessments over

time between the assessment at 3 versus 6 months, which

improves in 20–26% of patients in time.

Of all patients, 60% had malignancy-related symptoms

prior to radioembolization; mainly flushing (43%) and

diarrhoea (40%). Clinical response defined as improvement

and complete resolution of pre-treatment complaints
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occurred in 44% and 35%, respectively. After radioem-

bolization, 21% remained symptomatic after

radioembolization.

Clinical Toxicity

Complications related to the angiography procedure itself

were arterial dissection in two patients (0.8%). During 90Y

resin microsphere administration, three patients

experienced complaints necessitating early cessation of

administration (Table 2).

Three and six months after radioembolization, no clin-

ical toxicities occurred in 32% and 55% of patients,

respectively. Known radioembolization-related adverse

events occurred in 56% within the first 3 months (fatigue

28%, abdominal pain 27% and nausea 23%) and persisted

in 6% at 6 months (mainly abdominal pain). Unfortunately,

clinical toxicities were not registered by the treating

Table 1 Baseline characteristics

N % N % N %

Performance score Histopathology Prior treatments

ECOG 0 115 47.2 WHO/ENETS grade Multiple treatments 232 95.1

ECOG 1 105 43.0 1 96 39.3 Surgical treatment only 8 3.3

ECOG 2 17 7.0 2 87 35.7 Treatment naive 4 1.6

ECOG 3 3 1.2 3 25 10.2 Systemic treatments

Unknown 4 1.6 Unknown 36 14.8 Somatostatin analogue 163 66.8

Primary tumour site Ki67 index Chemotherapyd 95 38.9

Unknown origin 34 13.9 \ 3% 50 20.5 Newer agentsf 86 35.2

Pancreas NF 76 31.2 3–20% 69 28.3 Liver-directed treatments

Functioning NENa 9 3.7 [ 20 27 11.1 Bland embolization 13 5.3

Small bowelc 85 34.9 Unknown 98 40.1 Chemoembolization 11 4.5

Large bowele 24 9.8 Mitotic count per 10 HPF RFA/MWA/CA 16 6.6

Lung/bronchus 13 5.3 \ 2 48 19.7 Surgical treatments for liver metastases

Otherg 3 1.2 2–20 25 10.2 Left hemihepatectomy 6 2.5

Primary tumour [ 20 2 0.8 Right hemihepatectomy 2 0.8

Surgically resected 111 45.5 Unknown 169 69.3 Right posterior sectionectomy 2 0.8

In situ 99 40.6 Differentiation Left lateral sectionectomy 1 0.4

Unknown primary 34 13.9 Well 55 22.5 Segmentectomy 11 4.5

Extrahepatic metastases Moderate 11 4.5 Metastasectomy 12 4.9

No 83 34.0 Poor 6 2.5 Other invasive treatments

Yesb 161 66.0 Unknown 172 70.5 Bilioenteric anastomosis 24 8.2

Lymph nodes 115 47.1 Biliary stenting 4 1.6

Bone 44 18.0 Radionuclide treatments

Peritoneum 31 12.7 131I-MIBG 2 0.8

Lungs 15 6.1 90Y-PRRT 7 2.9

Other 21 8.6 177Lu-PRRT 41 16.8

ECOG Eastern Cooperative Oncology Group Performance Score, NF non-functioning, NEN neuroendocrine neoplasm, HPF high power fields,

RFA radiofrequency ablation, MWA microwave ablation, CA cryoablation, MIBG metaiodobenzylguanidine, PRRT peptide receptor radionuclide

therapy
aDifferent functioning NET: Gastrinoma 1.2%, Glucagonoma 1.2%, Insulinoma 0.4%, VIPoma 1.2%
bMost patients had a combination of involved organ systems, category ‘Other’ includes splenic, pancreatic, soft tissue, cardiac, renal, ovary,

breast and gallbladder metastases
cIncluding 5 gastric NEN
dApproximately 30 different chemotherapeutic regimens without a distinct preference
eIncluding 1 appendiceal NET
fNewer drugs include, among others, tyrokinase inhibitors (e.g. pazopanib, sunitinib or sorafenib), mammalian target of rapamycin inhibitor

(mTOR; e.g. everolimus), vascular endothelial growth factor inhibitor (e.g. bevacizumab)
gOther primaries include thymus (0.4%), kidney (0.4%) and ovary (0.4%) NEN
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physician in 12% and 39% of patients, at 3 and 6 months,

respectively (missing data).

Radioembolization-specific complications occurred

in\ 4%. Radiation-induced gastric ulcer occurred in seven

patients (2.8%; all seven had endoscopy, four of which had

histological confirmation with biopsy), radioembolization-

induced liver disease (REILD) in two patients (0.8%),

radiation pneumonitis in one patient (0.4%; with a 99mTc-

MAA LSF of 3.1%), liver abscess in one patient (0.4%)

with bilioenteric anastomosis (without antibiotic prophy-

laxis) and cholangitis in one patient (0.4%) with bilioen-

teric anastomosis (without antibiotic prophylaxis).

Biochemical and Haematological Toxicity

New CTCAE grade 3–4 biochemical and haematological

toxicities were limited; most common was lymphocytope-

nia in 6.7%. Grade 1–2 biochemical toxicities were

encountered in up to 51%; however, grade 1–2 bilirubin

elevation and/or decreased albumin levels occurred in 6%.

Apart from an incidence of grade 1–2 lymphocytopenia in

52%, thrombocytopenia occurred in 17%, and a grade 1–2

anaemia or leukopenia occurred in\ 8%. Coagulation was

unaffected as measured by the international normalized

ratio (INR).

Table 2 Tumour

characteristics and

radioembolization-related

parameters

N % N %

Intrahepatic tumour load Activity calculation method [35]

0–25% 67 27.5 Body surface area 206 84.4

25–50% 62 25.4 50 Gy average liver absorbed dose 32 13.1

50–75% 79 32.4 Partition model 6 2.5

[ 75% 36 14.5 Radioembolization treatment

Intrahepatic lesions Whole liver; single session 137 56.1

\ 10 33 13.5 Whole liver; sequentiallyb 34 13.9

10–19 37 15.2 Right lobar 63 25.9

20–29 46 18.8 Left lobar 8 3.3

30–39 18 7.4 Selective 2 0.8

40–49 12 4.9 Administration complicationsd

[ 50 98 40.2 No complications 201 82.5

Liver involvementa Slow flow 25 10.2

Type I 1 0.4 Stasis 9 3.7

Type II 11 4.5 Reflux 4 1.6

Type III 232 95.1 Arterial dissection 2 0.8

Treatment planning Abdominal pain 2 0.8

Median lung shunt fraction – 5.6 Carcinoid crisis 1 0.4

Activity reduction applied 18 7.4 Activities used

High lung shunt fractionc 15 6.2 Median 99mTc-MAA activity 179 MBq

Clinical reasons 2 0.8 Median prescribed 90Y activity 1.93 GBq

Prior chemoembolization 1 0.4 Range 0.74–4.14 GBq

Median activity reductione – 20 Median net administered 90Y activity 1.83 GBq

Coil embolization 121 49.6 Range 0.40–5.50 GBq

Prophylactic embolization 101 41.4 Median residual activity 90Y activity 74 MBq

Parasitic vessel 14 5.7 Range 0–2257 MBq

For redistribution 31 12.7 Median % of prescribed dose 3.93%

Use of cone-beam CT 110 45.1 Range (% of prescribed dose) 0–71%

N with[ 10% residual activity (%) 38 (15.6%)

99mTc-MAA technetium-99m macroaggregated albumin, MBq megabecquerel, Gy gray, GBq gigabecquerel
aClassified according to Frilling et al. [5] and ENETS guideline [3]
bSequential treatment (first right lobe and then left lobe or other way around) with a median interval of

43 days (range 14–152 days)
cHigh lung shunt fraction all between 10 and 20%
dPer-procedural complications necessitating an early termination of activity administration
eIn cases where activity reduction was applied
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Overall Survival

Median OS after radioembolization for the entire popula-

tion was 2.6 years (range: 51 days–12 years) [95% CI

2.2–3.0 years]. Median OS in G1NET and G2NET was

significantly longer than in G3NET/NEC in the Kaplan–

Meier analysis (p\ 0.001). Median OS was 3.1 years

[95% CI 2.6–3.7] in G1NET, 2.4 years [95% CI 1.9–3.0] in

G2NET and 0.9 years [95% CI 0.1–1.9] in G3NET/NEC

(Fig. 3A).

Kaplan–Meier analyses identified Ki67, intrahepatic

tumour load C 75% and the presence of extrahepatic dis-

ease as significant negative prognostic factors for OS (all

p\ 0.003; Fig. 3B–D). In the Kaplan–Meier analyses, OS

was independent of tumour origin (also when stratified by

tumour grade), tumour differentiation, mitotic count,

number of intrahepatic lesions, resection of the primary

tumour, LSF based on 99mTc-MAA and elevated bilirubin

levels at baseline.

DCR and ORR according to either RECIST 1.1

(p = 0.001 and p = 0.032, respectively; Fig. 4A, B) or

mRECIST (p = 0.002 and p = 0.007, respectively; Fig. 4C,

D) after 3 months showed a longer survival. The same was

seen after 6 months (p\ 0.01 in all four categories).

Patients experiencing improvement or resolution of pre-

treatment symptoms had no significant improved OS

(p = 0.85).

In the multivariate analysis, DCR according to RECIST

1.1 at 3 months was predictive of a better OS (hazard ratio;

HR 0.4; p\ 0.01), whereas G3NET/NEC (HR 3.3;

p\ 0.01), unknown NEN grade (HR 1.7;

p = 0.03), C 75% intrahepatic tumour load (HR 2.2;

p\ 0.01) and the presence of extrahepatic disease (HR

1.7; p = 0.04) were predictive of a worse OS (Table 4).

Discussion

In this study, the efficacy of radioembolization of neu-

roendocrine liver metastases was confirmed with high

DCR[ 90%, concordant between the two radiologic

response assessment criteria (RECIST 1.1 and mRECIST),

and a long median OS of 2.6 years (i.e. 31 months) for the

entire study population. This is the first time a prolonged

response for at least 6 months has been objectively

demonstrated in patients with available imaging after

6 months and in approximately one-quarter of those

patients, the optimal time to evaluate treatment might be

later than 3 months (Fig. 2). Additionally, a high percent-

age of patients benefited from improvement (44%) or

complete resolution (35%) of their malignancy-related

symptoms, an important finding in this specific patient

population.

Compared to a recent meta-analysis by Devcic et al. and

other more recently published studies in the period of

2015–2016, radioembolization in NEN shows consistent

results, with a median OS ranging between 24.7 and

39.0 months and a DCR of between 83 and 94% according

to either RECIST 1.1 or mRECIST, in line with the

31 months [95% CI 26–36] and DCR of 91% according to

either RECIST 1.1 or mRECIST in the presented popula-

tion [11, 18, 20, 24].

This study addressed several shortcomings of the current

literature on radioembolization in NEN, by analysing all

available retrospective data. The current literature consists

of small single-centre patient cohorts only, except for one

large retrospective study by Kennedy et al. with 148 NEN

patients [22, 25]. As stated by Devcic et al., including the

study by Kennedy et al., most studies described a hetero-

geneous group of NEN patients and lacked proper baseline

parameter description [11]. A major limitation of prior

Table 3 Radiologic response Assessment Firsta Secondb Firsta Secondb

Response assessment RECIST 1.1 mRECIST

Mean interval ± SD (days) 68 ± 34 187 ± 48 89 ± 78 189 ± 38

Number of patients 244 116 126 70

Complete response (%) 4 (1.7) 1 (0.9) 10 (7.9) 6 (8.6)

Partial response (%) 34 (14.0) 32 (27.6) 44 (34.9) 38 (54.3)

Stable disease (%) 185 (75.6) 73 (62.9) 61 (48.4) 38 (28.6)

Progressive disease (%) 21 (8.7) 10 (8.6) 11 (8.7) 6 (8.6)

Objective response rate (%) 38 (15.7) 33 (28.5) 54 (42.8) 44 (62.9)

Disease control rate (%) 223 (91.3) 106 (91.4) 115 (91.3) 64 (91.4)

RECIST 1.1 Response Evaluation Criteria In Solid Tumours version 1.1, mRECIST modified RECIST, SD

standard deviation
aFirst assessment around 3 months after radioembolization
bSecond assessment around 6 months after radioembolization
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published cohorts was the lack of data referring to the NEN

histopathological characteristics, especially NEN grading

according to the current WHO/ENETS classification, and

its effect on tumour response and survival. ORR and DCR

in this study are independent of the NEN grade (Fig. 1),

Ki67-index, mitotic index or tumour differentiation, and

NEN grade is a prognostic factor for OS. Previously

published data suggest a poorer response rate for patients

with pancreatic NEN [11]. However, in accordance with

three other studies, no significant difference in survival was

observed between different origins of NEN (p[ 0.3)

[18, 20, 21]. The present study does confirm that the

presence of extrahepatic disease is a significant factor for

poorer survival [22, 26, 27]. Comparable to most other

Fig. 1 Distribution of response 3 months and 6 months after

radioembolization according to RECIST 1.1 and mRECIST per

NEN grade. A RECIST 1.1 after 3 months (n = 244), B mRECIST

after 3 months (n = 126), C RECIST 1.1 after 6 months (n = 116),

D mRECIST after 6 months (n = 70). mRECIST measured in patients

with available multiphased contrast-enhanced imaging at baseline and

follow-up. RECIST 1.1 shows mainly stable disease, whereas

mRECIST shows more objective response in all NEN grades

compared to RECIST 1.1
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studies, a poorer OS with an intrahepatic tumour load

C 75% was found (p\ 0.01) [20].

Radioembolization has some benefits over other liver-

directed treatments in NEN, of which trans-arterial (bland)

embolization (TAE) and trans-arterial chemoembolization

(TACE) are most commonly applied. To date, only one

retrospective study addresses the differences [23]. In that

study, radioembolization resulted in a similar hepatic PFS

(15.7 months) compared to TAE (15.0 months), while

achieving a significantly longer hepatic PFS compared to

TACE (8.1 months). However, a significantly higher

number of patients experienced abdominal pain after TAE

compared to either radioembolization or TACE. On the

other hand, radioembolization showed more biochemical

toxicities compared to TAE and TACE. However, the total

number of severe toxicities between radioembolization,

Fig. 2 Changes in objective response in time. Response assessment

3 months (X-axis) and 6 months (Y axis) after radioembolization.

A Response assessment according to RECIST 1.1 in 116/244 patients.

B Response assessment according to mRECIST in 70/244 patients.

Most patients show a durable response (grey area). Just several

patients show a poorer response after 6 months compared to the

3 months assessment (orange area; A 6/166 = 4%; B 5/70 = 7%).

Remarkably, in a relatively large number of patients an increase in

objective response can be noticed after 6 months compared to the

3 months assessment (green area; A 23/116 = 20%; B 18/70 = 26%)
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TAE and TACE was similar [23]. The percentage of total

clinical toxicities in the radioembolization group of that

study (85%) was higher than the current study (56%), while

severe biochemical toxicities were similar (7.5% vs. 7%)

[23]. Compared to TAE and TACE, lately some concerns

have been risen on the late onset cirrhosis after radioem-

bolization [28]. With our limited follow-up of 6 months,

we could not investigate this phenomenon. Other

radioembolization-induced complications were limited

(\ 4%). REILD and gastric ulceration were consistent with

other studies in different disease groups [29]. One patient

received a whole liver treatment without dose reduction,

while having a LSF of 33%. On planar imaging, a lot of

free pertechnetate could be acknowledged and 99mTc-MAA

is known to significantly overestimate LSF [30]. Based on

these findings, LSF was recalculated on SPECT/CT, which

was 7.8%, and patient was treated without a dose reduction.

This study has several limitations because of its retro-

spective design. Some histopathological characteristics

could not be obtained for some patients, because the WHO/

ENETS classification was not reported by pathologists

before its introduction in 2011. Retrospective review of

medical records did not allow comprehensive CTCAE

grading of clinical toxicities and incorporated a reporting

bias by the treating physician. PFS could not be measured

reliably in this retrospective series since follow-up imaging

intervals were not standardized across all centres. Follow-

up was limited to 6 months after treatment in this cohort as

most patients went on to receive subsequent treatment even

before intrahepatic PD was documented according to either

RECIST 1.1 or mRECIST, while some other patients were

lost to follow-up after the first- or second-response

assessment. Patients lost to follow-up and subsequent

treatments prior to intrahepatic PD after radioembolization

made imaging and toxicity follow-up beyond 6 months

unreliable. If patients received a new treatment within the

6-month follow-up, patients were excluded to avoid con-

tamination of toxicity and imaging response data. Not all

centres acquired post-treatment imaging, making dosimet-

ric evaluation impossible, and half of patients had no

Fig. 3 Kaplan–Meijer survival curves on the effect of four significant parameters influencing survival. A Neuroendocrine neoplasm grade

according to WHO/ENETS classification, B Ki67 index. C Intrahepatic tumour load. D Presence of extrahepatic disease
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multiphasic imaging after treatment to assess response

according to mRECIST. In recent years, a lot has changed

in treatment of NEN patients, so treatment sequencing is

different in the patients evaluated in this study, making

these results more difficult to interpret. Additionally,

radioembolization was performed relatively late in the

treatment regimen of patients, negatively influencing the

reported OS after radioembolization.

Prospective randomized controlled studies on radioem-

bolization in NEN are desperately needed, although it

should also be recognized that clinical experience, captured

in high-quality retrospective study cohorts, is indispensable

in this difficult-to-study heterogeneous patient population.

Currently, treatment algorithms typically place radioem-

bolization after failure of systemic treatments [3]. How-

ever, in NEN patients with disease limited or ‘dominant’ to

the liver, radioembolization might be a more appropriate

choice prior to, or in combination with first-line systemic

treatment. Future studies need to address the sequencing of

radioembolization along or amongst other treatment (sys-

temic) options, like peptide receptor radionuclide therapy

(PRRT) or chemotherapy consisting of capecitabine ? te-

mozolomide (CAPTEM) in first or second line, and have

longer follow-up after treatment [31, 32]. Technical

advances in radioembolization should lead to better treat-

ment planning and dosimetry in eligible patients, which

may improve ORR and OS [33–35]. Currently literature on

dosimetry in NEN is limited. Based on 99mTc-MAA

SPECT/CT, a mean tumour absorbed dose of[ 190 Gy

with 90Y resin microspheres has been suggested to predict

tumour response with high specificity [36]. Dosimetry is of

particular importance for future studies. The combination

of a relatively favourable prognosis with lifestyle-limiting

symptomatic disease in NEN patients favours quality of

life as an important endpoint [37–39]. Quality of life

indices should definitely be included in future studies as

well.

Fig. 4 Kaplan–Meier survival curves on the effect of response

3 months after radioembolization on overall survival. Objective

response rate and disease control rate according to the Response

Evaluation Criteria In Solid Tumours, version 1.1 (RECIST 1.1;

A ? B) or modified RECIST (mRECIST; C ? D)
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Conclusion

In a broad spectrum of NEN and at different moments of

the disease, radioembolization is safe, effective and can

relieve symptoms, even in heavily pre-treated, progressive

patients with high intrahepatic tumour load. In one-fourth

of patients, objective response might improve after the

commonly used 3-month evaluation scan.
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