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GEP, gastroenteropancreatic; GI NETs, gastrointestinal neuroendocrine tumors; LAN, lanreotide; LAR, long-acting repeatable; m, metastatic; NANETS, North American Neuroendocrine Tumor Society; NEC, 
neuroendocrine carcinomas; NET, neuroendocrine tumors; NF, nonfunctional; OCT, octreotide; pNET, pancreatic NET; SC, subcutaneous; STZ, streptozocin; TC, typical carcinoid; UICC, Union for International 
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Approved agents for oncologic control before 2011
• pNETs: Streptozocin
• GI NETs: None

Approved agents for oncologic control 
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Other active agents 
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Ala-Gly-Cys-Lys-Asp-Phe-Phe -Trp-Lys-Thr-Phe-Thr-Ser-Cys SST-14 (1973)

� 5 subtype receptors (SSTR1-5)

� predominant expression of SSTR2 in
most NET tumours

� SSTR1 (4): Prostate, Sarcoma
some: Pheochromocytma, GEP

� SSTR3: Inactive Pituitary Adenoma

� SSTR5: Gastric Carcinomas, GH
Pituitary A.
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PRRT of SSTR positive tumors –
NET family and beyond
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cells with 

somatostatin
receptors

� midgut NEN
� undifferentiated NET

� islet cell tumors, insulinoma
� gastrinoma, glucagonoma
� VIPoma and others

� medullary thyroid

� phaeochromocytoma
� paraganglioma
� neuroblastoma

� meningiomas
� glioma

� carcinoids
� small cell lung ca

� ovary, cervix, endometrium, 
breast, kidney, larynx, sinus, 
salivary glands

Adapted from Michael Hofman
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90Yttrium versus 177Lutetium
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high energy
pure beta emitter

max. tissue
penetration
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tumour lesions
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inhomogenous
tumours
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max. tissue
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1972
• somatostatin first isolated (Roger Guillemin)

1987
• octreotide synthesis
• scintigraphy with 123I-octreotide – 40 years ago!!

1991
• 111In-octreotide first employed

1992
• five G-protein coupled somatostatin receptors 

(sst1–5), identified and cloned 

1993
• 111In-octreotide registered

1994
• First PRRT with high-dose 111In-octreotide

1996
• First 90Y-octreotide PRRT - Basel

2000
• First 177Lu-octreotate PRRT - Rotterdam

2012
• Phase III registration trial of 177Lu-octreotate

Autoradiography 1984  

Scintigraphy 1987

PRRT 1994 2016 – Completion of NETTER-1 Trial
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A B S T R A C T

Purpose
Despite the fact that most gastroenteropancreatic neuroendocrine tumors (GEPNETs) are slow-
growing, median overall survival (OS) in patients with liver metastases is 2 to 4 years. In metastatic
disease, cytoreductive therapeutic options are limited. A relatively new therapy is peptide recep-
tor radionuclide therapy with the radiolabeled somatostatin analog [177Lu-DOTA0,Tyr3]octreotate. Here
we report on the toxicity and efficacy of this treatment, performed in over 500 patients.

Patients and Methods
Patients were treated up to a cumulative dose of 750 to 800 mCi (27.8-29.6 GBq), usually in four
treatment cycles, with treatment intervals of 6 to 10 weeks. Toxicity analysis was done in 504
patients, and efficacy analysis in 310 patients.

Results
Any hematologic toxicity grade 3 or 4 occurred after 3.6% of administrations. Serious adverse
events that were likely attributable to the treatment were myelodysplastic syndrome in three
patients, and temporary, nonfatal, liver toxicity in two patients. Complete and partial tumor
remissions occurred in 2% and 28% of 310 GEPNET patients, respectively. Minor tumor response
(decrease in size ! 25% and " 50%) occurred in 16%. Median time to progression was 40
months. Median OS from start of treatment was 46 months, median OS from diagnosis was 128
months. Compared with historical controls, there was a survival benefit of 40 to 72 months
from diagnosis.

Conclusion
Treatment with [177Lu-DOTA0,Tyr3]octreotate has few adverse effects. Tumor response rates and
progression-free survival compare favorably to the limited number of alternative treatment
modalities. Compared with historical controls, there is a benefit in OS from time of diagnosis of
several years.

J Clin Oncol 26:2124-2130. © 2008 by American Society of Clinical Oncology

INTRODUCTION

Gastroenteropancreatic neuroendocrine tumors
(GEPNETs) are relatively rare. The two most
common types of GEPNETs, carcinoids and pan-
creatic neuroendocrine tumors, have incidence
rates of one to 2.5 in 100,000 population per year
and approximately one in 100,000 population per
year, respectively.1-8 However, since 5-year sur-
vival rates in patients with GEPNETs, irrespective
of stage of disease, are over 60%,5,8-11 their prev-
alence is much higher. Despite the fact that most
GEPNETs are slow-growing tumors, and the pop-
ular notion that these are relatively benign tu-
mors, median overall survival (OS) in patients
with metastatic liver disease is 2 to 4 years.9,11-14 In
this respect, data from an analysis in over 10,000
carcinoid patients, reporting nonlocalized disease

at diagnosis in 32% to 47% of cases, is of great
impact.8 This finding is in line with another epi-
demiological study that reports liver metastases at
diagnosis in 22% to 33% of cases.5 Also, metasta-
ses may become apparent only years after the ini-
tial presentation of a carcinoid.

In case of metastatic disease, cytoreductive
therapeutic options are limited. A relatively new
therapy is peptide receptor radionuclide therapy
(PRRT) with radiolabeled somatostatin analogs.
Here we report on the toxicity and efficacy of treat-
ment with [177Lu-DOTA0,Tyr3]octreotate (177Lu-
octreotate), performed in over 500 patients with
somatostatin receptor–expressing tumors. The ra-
dionuclide 177Lu has a half-life of 6.7 days and emits
both beta-radiation and gamma-radiation, allowing
imaging and dosimetry after therapy. Here we
present long-term follow-up and survival data in
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Potential prognostic factors for predicting tumor remission (CR,
PR, or MR) as treatment outcome, that were analyzed using (multi-
variate) logistic regression are marked with an asterisk in Table 1. Two
significant factors resulted: uptake on the OctreoScan (P ! .01), and
KPS greater than 70 (P ! .05).

A small percentage of patients who had either SD or MR at their
first two evaluations after therapy, had a further improvement in

categorized tumor response at 6 months and 12 months follow-up,
occurring in 4% of patients and 5% of patients, respectively.

Three of four patients with clinically nonfunctioning neuroen-
docrine pancreatic tumors that were judged inoperable before treat-
ment with 177Lu-octreotate, and who had PR, were succesfully
operated 6 to 12 months after their last treatment, whereas one died of
postoperative complications.

Table 1. Patient, Treatment, and Tumor Characteristics in Patients With GEP Tumor (n" 310)

Characteristic

Yes No Unknown

No. of Patients % No. of Patients % No. of Patients %

Male 164 53 146 47
Somatostatin analog use at referrral 174 56 136 44
Age ! 70! 45 15 265 85
KPS " 70! 39 13 271 87
Previous surgery 153 49 157 51
Previous radiotherapy 16 5 294 95
Previous chemotherapy 52 17 258 83
Previous somatostatin analog use 168 54 142 46
Tumor type gastrinoma/insulinoma/VIPoma! 19 6 291 94
Baseline tumor progression! 133 43 80 26 97 31
Baseline weight loss! 75 24 235 76
Liver metastases 276 89 34 11
Bone metastases! 68 22 242 78
Ascites! 10 3 300 97
Tumor uptake on baseline OctreoScan, grade!

4 72 23
3 232 75
2 6 2

Tumor mass on baseline OctreoScan!

Extensive 69 22
Moderate 204 66
Limited 37 12

Liver involvement on baseline CT/MRI!

Extensive 85 27
Moderate 191 62
Absent 34 11

Abbreviations: GEP, gastroenteropancreatic; KPS, Karnofsky performance status; CT, computed tomography; VIPoma, vasoactive intestinal peptide-secreting
tumor; MRI, magnetic resonance imaging.

!Refers to inclusion in multivariate analyses mentioned in the text.

Table 2. Tumor Responses in Patients With GEPNETs, 3 Months After the Last Administration of 177Lu-Octreotate (n " 310)

Tumor Type

Response

CR PR MR SD PD

Total No. of
Patients

No. of
Patients %

No. of
Patients %

No. of
Patients %

No. of
Patients %

No. of
Patients %

Carcinoid 1 1 41 22 31 17 78 42 37 20 188
Nonfunctioning pancreatic 4 6 26 36 13 18 19 26 10 14 72
Unknown origin 10 32 3 10 7 23 11 36 31
Gastrinoma 5 42 4 33 2 17 1 8 12
Insulinoma 3 60 1 20 1 20 5
VIPoma 1 50 1 50 2
Total 5 2 86 28 51 16 107 35 61 20 310

Abbreviations: GEPNETs, gastroenteropancreatic neuroendocrine tumors; CR, complete response; PR, partial response; MR, minimal response; SD, stable disease;
PD, progressive disease; VIPoma, vasoactive intestinal peptide-secreting tumor.
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Time to Progression and Survival
In the 249 patients who did not have progressive disease (PD) as

treatment outcome, median time to progression was 40 months from
start of treatment. Time to progression was analyzed using Cox mul-
tivariate regression model, including the variables that are marked
with an asterisk in Table 1, with an additional dichomotous variable
indicating whether stable disease (SD) or remission (CR, PR, or MR)
was the primary treatment outcome. Significant factors were the pres-
ence of bone metastases (P ! .001), extent of liver involvement (P "
.001), and gastrinoma, insulinoma, or VIPoma tumor type (P ! .01).

Median OS in our 310 GEPNET patients was 46 months (median
follow-up 19 months; 101 deaths). Median disease related survival was
more than 48 months (median follow-up 18 months; 81 deaths).
Median progression-free survival was 33 months. Survival analysis
using Cox regression and using the factors from Table 1 marked with
an asterisk, with in addition a variable indicating whether initial tumor
response was PD, SD, or remission (CR, PR, or MR), resulted in the
same six significant factors both for OS and for disease-specific sur-
vival (Table 3). The most important factor predicting survival was
treatment outcome (Fig 1). Median time from diagnosis to referral
was 21 months, median follow-up from diagnosis 48 months. Median
OS from diagnosis was 128 months, median disease-specific survival
was more than 180 months.

DISCUSSION

From our data, we conclude that the treatment with 177Lu-octreotate
has few adverse effects and is relatively safe. With adequate clinical

scrutiny, patients who have an increased risk to develop hormone-
related crises can be identified and adequate measures to contain such
events can be taken. Less dramatic acute adverse effects, like nausea
and vomiting, occur in a minority of patients and can usually be
successfully countered by administering additional antiemetics. Also,
serious hematologic toxicity is rare. Other, delayed, serious adverse
events that were likely caused by the therapy with 177Lu-octreotate,
comprising MDS and liver toxicity, were rare and occurred in approx-
imately 1% of patients. The MDS cases require further attention and
indicate that either the radiation absorbed dose to the bone marrow or
the susceptibility of the stem cells to radiation varies between patients.
Models, based on the biodistribution of radioactivity in the individual
patient, will therefore have to be developed for future optimization of
this therapy. Using such individualized dosimetry for kidney radiati-
on–absorbed doses, in combination with kidney-protective amino
acid infusion, resulted in the absence of serious kidney toxicity in any
of our patients. Such renal toxicity has been reported in patients
treated with [90Y-DOTA0,Tyr3]octreotide, especially if no amino acids
were coadministered.18-20

We found tumor size reductions, including MR, in 46% of our
patients. MR was included as a separate response class because of the
usual slow growth of GEPNETs, and their often partly cystic appear-
ance, making major tumor size reductions less likely than in fast
growing solid tumors after, for instance, chemotherapy or external-
beam radiation. PR and CR were observed in 30% of patients. This
percentage compares favorably to recent chemotherapy studies in
GEPNETs, which mostly report CR and PR in less than 20% of
patients. Also, the duration of the response, progression-free survival
and OS are more favorable after 177Lu-octreotate (Table 4).

Antiproliferative treatment options for patients with inoperable
GEPNETs are limited. Somatostatin analogs, interferon-alfa, and their
combination have their specific merit in reducing symptomatology
from hormonal overproduction by GEPNETs. However, CT-assessed

Table 3. Significant Factors Predicting Disease-Specific Survival
in Patients (n " 310)

Factor
No. of

Patients
Survival
(months) P

Treatment outcome
PD 61 11
SD 107 # 48 ! .001
Remission 142 # 48

Liver involvement
Extensive 85 25
Moderate 191 # 48 ! .001
None 34 # 48

KPS ! 70
Yes 39 16
No 271 # 48 .001

Baseline weight loss
Yes 75 30
No 235 # 48 .001

Presence of bone metastases
Yes 68 37
No 242 # 48 .004

Tumor type gastrinoma/
insulinoma/VIPoma

Yes 19 33
No 291 # 48 .04

NOTE. Significance levels pertain to Cox regression with analysis of more
factors than are listed in the Table, and which are listed in Table 1 and are
marked with an asterisk.

Abbreviations: PD, progressive disease; SD, stable disease; KPS, Karnofsky
performance status; VIPoma, vasoactive intestinal peptide-secreting tumor.
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Fig 1. Disease-related survival in 310 patients according to treatment outcome.
Patients with progressive disease (PD) have significantly shorter survival. Survival
between other treatment outcomes did not differ significantly. CR, complete
response; PR, partial response; MR, minimal response; SD, stable disease.
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Table 1 PRRT Clinical Results in GEP-NEN Based Upon the Different Treatment Schedules Utilized

Schedule Patients CR PR DCR Progression
at Baseline

Response
Criteria

Outcome (Median PFS or
TTP)

90Y-Octreotide 7.4 GBq/m2 in four cycles49 36 GEP 4% 20% 92% 100% WHO Not assessed
2.96-5.55 GBq/cycle ! 278 21 GEP 0% 28% 71% n.a. WHO TTP 10 months
0.93-2.78 GB/m2/cycle50 58 GEP 0% 9% 71% 81% SWOG TTP 29 months
4.4 GBq/cycle ! 323 90 SI 0% 4% 74.4% 100% SWOG PFS 16 months
1-10 cycles (median ¼ 2), various activity22 821 GEP 0.2% 38% n.a. n.a. RECIST n.a.

177Lu-octreotate 27.8-29.6 GBq in three to four cycles26 310 GEP 2% 28% 81% 43% SWOG PFS 33 months
3.7-29.2 GBq in four to six cycles of 3.7-7.4 GBq21 39 GEP 3% 31% 88% 76% RECIST TTP 36 months
Mean 25.5 GBq in five cycles, normal subjects; mean
17.8 GBq in risk patients56

52 P 8% 21% 81% 88% SWOG PFS 20 months in reduced
dosage, not reached in full
dosage

32 GBq in four cycles48 68 P 0% 60.3% 85.3% 67.6% SWOG PFS 34 months
Median 25.7 vs 18.4 GBq (normal vs risk patients)58 43 SI 7% 0% 84% 100% SWOG PFS 36 months
32 GBq in four cycles59 61 SI 0% 13.1% 91.8% 75.4% SWOG PFS 33 months
27.8-29.6 GBq in three to four cycles vs octreotide LAR
60 mg/mo60

201 SI 19% (Lu) vs
3% (LAR)
CR þPR

58% (Lu) vs
20% (LAR)

100% RECIST PFS not reached (Lu) vs
8.4 months (LAR)

Combinations
with 177Lu

31 GB1 in four cycles þ capecitabine, 1650 mg/m2

(14 d per cycle)64
33 GEP 0% 24% 94% 100% RECIST Median PFS not reached in a

16-month follow-up
31 GBq in4three cycles þ 5-FU65 68 GEP 0% 29% 68% 85.2% RECIST n.a.
31 GB1 in four cycles þ capecitabine 1500 mg/m2 (14
days d per cycle) þ temozolomide (100-200 mg/m2)66

33 GEP 16% 41% 94% 100% RECIST PFS 31 months

31GB1 in four cyclesþ everolimus (from 5-10 mg daily for
24 weeks)67

16 GEP 0% 44% 94% 100% RECIST n.a.

CR, complete response; DCR, disease-control rate (CR þ PR þ stability); n.a., not available or assessed; P, pancreatic; PR, partial response; SI, small intestine.
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Peptide receptor radionuclide therapy (PRRT) has been utilized formore than two decades and
has been accepted as an effective therapeutic modality in the treatment of inoperable or
metastatic gastroenteropancreatic neuroendocrine neoplasms (NENs) or neuroendocrine
tumors (NETs). The two most commonly used radiopeptides for PRRT, 90Y-octreotide and
177Lu-octreotate, produce disease-control rates of 68%-94%, with progression-free survival
rates that compare favorablywith chemotherapy, somatostatin analogues, and newer targeted
therapies. In addition, biochemical and symptomatic responses are commonly observed. In
general, PRRT is well tolerated with only low to moderate toxicity in most individuals. In line
with the need to place PRRT in the therapeutic sequence of gastroenteropancreatic NENs, a
recently sponsored phase III randomized trial in small intestine NENs treated with 177Lu-
octreotate vs high-dose octreotide long-acting release demonstrated that 177Lu-octreotate
significantly improved progression-free survival. Other strategies that are presently being
developed include combinationswith targeted therapies or chemotherapy, intra-arterial PRRT,
and salvage treatments. Sophisticated molecular tools need to be incorporated into the
management strategy to more effectively define therapeutic efficacy and for an early
identification of adverse events. The strategy of randomized controlled trials is a key issue
to standardize the treatment and establish the position of PRRT in the therapeutic algorithm of
NENs.
Semin Nucl Med 46:225-238 C 2016 Elsevier Inc. All rights reserved.

Introduction

Neuroendocrine neoplasms (NENs) or neuroendocrine
tumors (NETs) generally exhibit slow-growing behavior,

but may sometimes be aggressive.1Most of the NENs originate
in the gastroenteropancreatic (GEP) and bronchopulmonary
system.2 GEP NENs were previously considered as a rare
disease; however, it is now apparent that both their incidence
(3.65/100,000/y) and prevalence are increasing (35 of
100,000).3,4 Patients may present either with symptoms

related to excessive bioactive peptide and amine secretion or,
if nonfunctional, with symptoms related to local effects (mass,
obstruction, or bleeding).5 Given the ubiquity of the lesions
and the nonspecific nature of the symptomatology, as well as a
general lack of awareness of the disease, diagnosis is often at a
late stage of the disease. Thus, most (60%-80%) are metastatic
at presentation. Even functional tumors are diagnosed late
because their protean symptoms (flushing, diarrhea, sweating,
and bronchospasm) are frequently misinterpreted as represen-
tative of menopause, irritable bowel disease, anxiety states,
allergy, or asthma, respectively. As a result, in many instances
at initial identification of the disease, curative treatments are no
longer possible.2 Extension beyond the primary lesion usually
involves regional lymph nodes, and the commonest site of
distantmetastasis is hepatic. Therapeutic strategies for themost
part are, therefore, directed at primary resection followed by a
focus on the eradication or control of hepatic metastatic
disease.6 Advanced disease involves peritoneal deposits, bone,
brain, and pulmonary sites, although other less common
locations including the breast, heart, and skin may rarely
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Difícil	comparar	resultados:	numerosas	variables	selección	pacientes,	
dosis	y	esquema	de	administración,	
valoración	de	la	respuesta	al	ttº.
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Abstract
Purpose This study was performed to evaluate the efficacy of
177Lu-labelled peptide receptor radionuclide therapy (PRRT)
in patients with inoperable or metastatic neuroendocrine tu-
mours (NETs).
Methods Systematic searches of MEDLINE and EMBASE
databases were performed using the keywords of “neuroendo-
crine”, B177Lu^ and Bprognosis^. All published studies of neu-
roendocrine tumours treated with 177Lu-labelled radiopharma-
ceuticals and evaluated with either Response Evaluation
Criteria in Solid Tumours (RECIST) 1.0 or Southwest Oncol-
ogy Group (SWOG) criteria or both were included. If there
was more than one published study from the same institution,
only one report with the information most relevant to this
study was included. Each response criteria group was
analysed for disease response rates and disease control rates,
defined as the percentages of patients with complete response
(CR)+partial response (PR), and CR+PR+stable disease
(SD), respectively, to a therapeutic intervention in clinical tri-
als of anticancer agents. The pooled proportions are presented
with both a fixed-effects model and random-effects model.

Results Six studies with 473 patients (4 in RECIST criteria
group with 356 patients, 3 in SWOG criteria group with 375
patients and 1 in both groups) were included. The RECIST
criteria group demonstrated disease response rates ranging
between 17.6 and 43.8 % with a pooled effect of 29 %
[95 % confidence interval (CI) 24–34 %]. Disease control
rates ranged from 71.8 to 100 %. The random-effects model
showed an average disease control rate of 81 % (95 % CI 71–
91 %). The SWOG criteria group demonstrated disease re-
sponse rates ranging between 7.0 and 36.5 % with a pooled
effect of 23 % (95 % CI 11–38 %). Disease control rates
ranged from 73.9 to 89.1 %. The random-effects model
showed an average disease control rate of 82 % (95 % CI
71–91 %).
Conclusion 177Lu-labelled PRRT is an effective treatment op-
tion for patients with inoperable or metastatic NETs.

Keywords Neuroendocrinetumour .Lutetium .Radionuclide
therapy . Peptide receptor therapy

Introduction

The annual incidence of neuroendocrine tumours (NETs) has
been rising over the past 30 years from 1.09/100,000 to 5.25/
100,000 according to the Surveillance, Epidemiology, and
End Results (SEER) Program registries [1]. In addition,
40 % of the patients with NETs present with localized disease
only, 17 % with regional disease and 20 % with distant me-
tastases [1]. Surgery is the only potentially curative therapy;
however, NETs are no longer resectable if metastatic disease is
present [1]. For unresectable metastatic disease, treatment op-
tions include octreotide therapy, chemotherapy, interferon al-
pha, molecular targeted agents or interventional treatments for
hepatic metastases [2].
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Disease response and control rates

Disease response rates and disease control rates of included
studies are presented in Table 3 according to the response
criteria adopted in each study. The pooled rates are present-
ed with both a fixed-effects model and random-effects
model.

RECIST criteria group (Fig. 2 )

Four studies with 356 patients were included in the group
analysis of RECIST criteria [6, 13, 14, 17]. The test for het-
erogeneity demonstrated no observed heterogeneity for dis-
ease response rates (I2 =0 %). Disease response rates ranged
between 17.6 and 43.8 % with a pooled effect of 29 % (95 %
CI 24–34 %). Disease control rates ranged from 71.8 to
100 %. The random-effects model showed an average disease
control rate of 81 % (95 % CI 71–91 %).

SWOG criteria group (Fig. 3 )

Three studies with 374 patients were included in the group
analysis of SWOG criteria [15–17]. The test for heterogeneity
showed a significant result for disease response rates (I2 =
86.5 %). Disease response rates ranged between 7.0 and
36.5 % with a pooled effect of 23 % (95 % CI 11–38 %).
Disease control rates ranged from 73.9 to 89.1 %. The
random-effects model showed an average disease control rate
of 82 % (95 % CI 71–91 %).

Discussion

NETs have shown a fivefold increase over the last 30 years,
greater thanmany other gastrointestinal malignancies, 20% of
which are diagnosed with distant disease at the time of pre-
sentation [1]. Although a number of different systems have

Fig. 1 Flowchart of the study selection process

Table 2 Studies included in the current meta-analysis

First author Year Country Compound Dose (GBq) 177 Lu
cycles

Cumulative
Activity
(GBq)

No. of
patients

% of
pancreatic
NETs

Study design Follow-up
(months):
median
(range)

Response
criteria

Bodei [13] 2011 Italy DOTATATE 3.7~7.4 4~6 3.7~29.2 51 14 P (phase I–II) 60 (5~86) RECIST

Romer [6] 2013 Switzerland DOTATOC – 1~5 13.5 16 – – 9 (1~80.1) RECIST

van Vliet
[17]

2013 Netherlands DOTATATE 3.7/7.4 4 22.2~29.6 257 27 R – RECIST/
SWOG

Delpassand
[14]

2014 USA DOTATATE 7.4 1~4 29.6 32 – P (phase II) 0.3~26.8 RECIST

Paganelli
[15]

2014 Italy DOTATATE 3.7/5.5 5 14.4~27.8 43 0 P (phase II) 38 (11~59) SWOG

Ezziddin
[16]

2014 Germany DOTATATE 7.9 4 - 74 45 R 47 SWOG

P prospective, R retrospective

Table 3 Disease response and control rates of 177Lu-labelled PRRT

Criteria Effects No. of
studies

Models Pooled proportion
(95 % CI)

I2

(%)

RECIST Response
rates

4 Fixed-effects 0.29 (0.24–0.34) 0
Random-effects 0.29 (0.24–0.34)

Control
rates

4 Fixed-effects 0.78 (0.73–0.82) 72.3
Random-effects 0.81 (0.71–0.91)

SWOG Response
rates

3 Fixed-effects 0.25 (0.21–0.30) 86.5
Random-effects 0.23 (0.11–0.38)

Control
rates

3 Fixed-effects 0.78 (0.74–0.82) 78.8
Random-effects 0.82 (0.71–0.91)

I2 the percentage of total variation across studies due to heterogeneity
rather than chance, I2 =100 % x (Q − df)/Q, where Q is Cochran’s het-
erogeneity statistics and df, the degree of freedom

Eur J Nucl Med Mol Imaging (2015) 42:1964–1970 1967

different among the centres and complete remission was
extremely rare, the pooled efficacy results of PRRT includ-
ing all protocols were satisfactory; disease response and
disease control rates were 29 and 81 % using the RECIST
1.0 criteria, respectively, and 23 and 82 % using the
SWOG criteria. In a clinical setting, when a patient is sta-
bilized by the new treatment such as PRRT after progres-
sion, this is considered as a response.

The pooled effects of the SWOG criteria group are sim-
ilar to those of the RECIST criteria group. However, there
are several major differences between RECIST and SWOG
criteria. RECIST 1.0 measures the longest diameters of up
to five lesions per organ and ten lesions in total; SWOG
calculates the sum of products of perpendicular diameters
of up to three lesions per organ. They also have different
definitions for response criteria of CR, PR, SD and pro-
gressive disease. Caution should be used for the interpre-
tation of the results of the SWOG criteria group, for the
group had very large inconsistency (I2=78.8–86.5 %) in
the included studies’ results. The results of the current
study are similar to those of a study published by
Claringbold et al. using the RECIST 1.1 criteria [18]: dis-
ease response rate of 24 % and disease control rate of 94 %.
Despite these similar good results from several studies,
PRRT is often criticized as an investigational approach in
large part due to the lack of any prospective randomized
controlled trials. Nowadays, there is an ongoing
multicentre randomized trial comparing 177Lu-labelled
PRRT with supportive care of octreotide (NETTER-1,
NCT01578239).

Conclusion

In conclusion, although the treatment protocols are not stan-
dardized and the treatment effects should be further verified
through prospective randomized controlled trials, 177Lu-la-
belled PRRT is an effective treatment option for patients with
inoperable or metastatic NETs, based on this meta-analysis of
the published data.
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Abstract
Purpose Peptide receptor radionuclide therapy (PRRT) with
90Yand 177Lu provides objective responses in neuroendocrine
tumours, and is well tolerated with moderate toxicity. We
aimed to identify clinical parameters predictive of long-term
renal and haematological toxicity (myelodysplastic syndrome
and acute leukaemia).
Methods Of 807 patients studied at IEO-Milan (1997–2013),
793 (98%) received 177Lu (278, 34.4%), 90Y (358, 44.4%) or
177Lu and 90Y combined (157. 19.5 %), and 14 (2%) received
combinations of PRRT and other agents. Follow-up was

30months (1–180months). The parameters evaluated included
renal risk factors, bone marrow toxicity and PRRT features.
Data analysis included multiple regression, random forest fea-
ture selection, and recursive partitioning and regression trees.
Results Treatment with 90Y and 90Y+177Lu was more likely
to result in nephrotoxicity than treatment with 177Lu alone
(33.6 %, 25.5 % and 13.4 % of patients, respectively;
p<0.0001). Nephrotoxicity (any grade), transient and persis-
tent, occurred in 279 patients (34.6 %) and was severe (grade
3+4) in 12 (1.5 %). In only 20–27 % of any nephrotoxicity
was the disease modelled by risk factors and codependent
associations (p<0.0001). Hypertension and haemoglobin tox-
icity were the most relevant factors. Persistent toxicity oc-
curred in 197 patients (24.3 %). In only 22–34 % of affected
patients was the disease modelled by the clinical data
(p<0.0001). Hypertension (regression coefficient 0.14,
p<0.0001) and haemoglobin toxicity (regression coefficient
0.21, p<0.0001) were pertinent factors. Persistent toxicity was
associated with shorter PRRT duration from the first to the last
cycle (mean 387 vs. 658 days, p<0.004). Myelodysplastic
syndrome occurred in 2.35 % of patients (modelled by the
clinical data in 30 %, p<0.0001). Platelet toxicity grade (2.05
±1.2 vs. 0.58±0.8, p<0.0001) and longer PRRT duration
(22.6±24 vs. 15.5±9 months, p=0.01) were relevant. Acute
leukaemia occurred in 1.1 % of patients (modelled by the
clinical data in 18 %, p<0.0001).
Conclusion Identified risk factors provide a limited (<30 %)
risk estimate even with target tissue dosimetry. These data
strongly suggest the existence of unidentified individual sus-
ceptibilities to radiation-associated disease.
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value), FDG positivity, clinical syndrome, metastases and site
(liver, lymph nodes, bone, lung, peritoneum, other), therapy
with somatostatin analogues, and previous therapy, including
surgical resection of the primary, chemotherapy, radiotherapy,
interferon, transarterial (chemo)embolization (TACE, TAE)
and radiofrequency ablation. The following risk factors for
nephrotoxicity were also included: diabetes (controlled/un-
controlled), hypertension (controlled/uncontrolled), and other
factors, such as chemotherapywith nephrotoxic agents, TACE
or TAE, renal NET lesions, kidney encasement by a tumour
lesion, renal tumours or cysts, congenital or acquired absence
of one kidney, congenital or acquired kidney malformation,
nephrolithiasis, renal outflow obstruction, reduced renal func-
tion at baseline and kidney diseases (autoimmune, acquired).
The following bone marrow risk factors were included: che-
motherapy with myelotoxic agents and other factors, such as
tumour invasion of bone marrow, radiotherapy (bone marrow
fields), immunosuppressive agents, previous radionuclide
therapies with 131I or 131I-MIBG, previous bone marrow
toxicity, previous anaemia (including minor/minimal beta-
thalassaemia, macrocytosis, leucopenia, thrombocytopenia
and monoclonal gammopathies), and prior myeloproliferative
diseases including myelogenous leukaemia in one patient and
lymphoblastic leukaemia in one.

Toxicity parameters included haematological toxicity
grade (worst grade during follow-up) evaluated as
haemoglobin (Hb), white blood cell (WBC) count and platelet
(PLT) count, whether haematological toxicity grade 2 or
more persisted after PRRT, creatinine toxicity grade,
whether renal toxicity grade 1 or more persisted after
PRRT, creatinine clearance with persistent toxicity of any
grade, MDS and AL. These were also tested separately as
codependent associations with toxicity, together with the
cumulative administered activity (in microcuries), number
of cycles, approximate activity per cycle, and the type of
radiopeptide used.

Other clinical factors considered in the analysis were the
date of diagnosis, the date of the start and end of PRRT,
salvage/adjunctive PRRT, and the date of the start and end
of salvage/adjunctive PRRT. Cohort parameters included: last
follow-up or contact, length of follow-up, whether the indi-
vidual was alive, date of death, and if death was NET-related,
as determined from the institutional tumour registry. Clinical
information was obtained from hospital charts (including in-
patient episodes and outpatient visits), when feasible, and
when unavailable, from patient contact (phone calls, faxes,
emails). Haematological criteria were assessed biweekly dur-
ing PRRT treatment, monthly in the first year of follow-up,
and every 3–6 months in the subsequent period, until death,
loss to follow-up, or a different treatment was initiated. In a
subset of 34 patients, dosimetric data were available and could
be correlated with outcome (Table 2). According to previously
published data, a lower renal threshold for toxicity (biologi-
cally effective dose, BED, 30 Gy) was considered in patients
with risk factors, in contrast to 40 Gy in those without such
factors [13, 14]. The conventional threshold of 2 Gy was
considered for the bone marrow.

Toxicity parameters

Toxicity was graded according to Common Terminology
Criteria for Adverse Events (CTCAE) version 4.0 (NCI,
Bethesda, MD.).

Statistical analysis

Multiple regression and data subanalysis Multiple linear re-
gression analysis was undertaken. The variables to model the
disease (e.g., nephrotoxicity) in the dataset of 807 patients
included known clinical risk factors (six covariates, e.g. pre-
vious chemotherapy) and codependent associated factors
(eight covariates, e.g. Hb toxicity). Four outcomes were

Table 1 PRRT treatment protocols in 807 patients

Protocol No. of patients Cumulative activity (GBq) No. of cycles

Median Range Median Range

PRRT protocol (n=793) 177Lu-octreotate 278 22.9 1.7–31.8 5 1–10
90Y-octreotide+177Lu-octreotate 157 6.4+12.7 0.4–31.7, 1.9–36.2 5 1–19
90Y-octreotide 358 10.1 1.1–26.4 4 1–11

PRRT protocol+Other Agents (n=14) 177Lu-octreotate+capecitabine 1,500 g/day 12 16.5–30.7 6 3–9
90Y-octreotide+CDDP/VP16 1
90Y-octreotide+153Sm 1

Adjunctive salvage PRRT (n=93) 90Y-octreotide 26 3.5 1–12.9
177Lu-octreotate 55 13 1.9–21.3
90Y-octreotide+177Lu-octreotate 11 2.8+5.6 1.9–7.8, 2.2–19
177Lu-octreotate+metronomic capecitabine 1 18
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22 % of affected patients (adjusted R2=0.038, F=5.82,
p<0.0001). Codependent associations modelled the disease
in 34 % of affected patients (adjusted R2=0.104, F=11.5,
p<0.001). Variables significantly related to persistent nephro-
toxicity are shown in Table 6. The variables associated with
persistent nephrotoxicity were the same as those for any grade
of nephrotoxicity except that other previous therapies were
included in the model. Codependent associations included Hb
toxicity and the number of cycles as positively related to
persistent nephrotoxicity, while the radiopeptide type (177Lu
and 177Lu+90Y, as well as the cumulative number of cycles
and WBC toxicity were negatively associated with the devel-
opment of persistent nephrotoxicity.

Subanalysis showed that Hb toxicity grade was higher in
patients with persistent nephrotoxicity (1.42±0.75 vs. 1.024±
0.62, p<0.0001) andmore patients were exposed to 90Y-based
PRRT (83 % vs. 59 %, p<0.05). There was no relationship
between the grade of nephrotoxicity and the duration of PRRT
exposure from the first to the last cycle (Fig. 2e). However,
individuals who developed persistent toxicity had a signifi-
cantly shorter duration of PRRT exposure (mean 387 days vs.
658 days for transient toxicity, p<0.004; Fig. 2f). Subanalysis
of transient versus persistent nephrotoxicity did not identify
any known clinical risk factor; Hb toxicity grade was the only
covariate identified as significantly different (1.42±0.75 vs.
1.02±0.63, p<0.0001).

MDS

MDS occurred in 19 patients (2.35 %). Clinical risk factors
modelled the disease in 16 % of affected patients (adjusted

R2=0.02, F=5.16, p<0.0001) whereas codependent asso-
ciations modelled the disease in 30 % of affected patients
(adjusted R2=0.08, F=9.9, p<0.0001). The risk factors
associated with MDS were previous chemotherapy and
other bone marrow risk factors, such as tumour invasion
of bone marrow and other previous myelotoxic therapies,
while the PLT toxicity grade was also significant (p=0.01;
Table 7).

Acute leukaemias

AL occurred in eight patients (1.1 %, six of whom convert-
ed from MDS: one promyelocytic, three myeloid, three
lymphoblastic and one non-specified form). In 14 % of
affected patients the disease was modelled by the clinical
risk factor data (adjusted R2=0.015, F=4.16, p=0.002).
Codependent associations modelled the disease in only
18 % of affected patients (adjusted R2=0.021, F=3.19, p=
0.001). As found for MDS, the only risk factors associated
with AL were previous chemotherapy and other bone mar-
row risk factors, while PLT toxicity grade was also signif-
icant (p=0.03; Table 7). As expected, AL and MDS were
correlated. Subanalysis comparing patients with MDS who
developed AL and those who did not failed to identify
significant differences between the two groups. The times
between the start of PRRT and the development of MDS
and AL (mean 1,351 days and 1,699 days, respectively)
were not significantly different. However, both conditions
developed significantly later than persistent nephrotoxicity
(p<0.01; Fig. 3d).

Table 6 Clinical parameters as-
sociated with nephrotoxicity Any nephrotoxicity (n=279) Persistent nephrotoxicity (n=197)

Coefficient Significance Coefficient Significance

Risk factors

Previous chemotherapy −0.11 0.81 −0.035 0.477

Previous radiotherapy 0.008 0.82 0.018 0.624

Other previous therapy 0.067 0.055 0.092 0.012

Diabetes 0.051 0.144 0.065 0.075

Hypertension 0.144 <0.0001 0.144 <0.0001

Other nephrotoxic risk 0.133 0.005 0.149 0.003

Codependent associations
177Lu treatment −0.114 0.58 −0.154 0.013
177Lu+90Y treatment −0.102 0.026 −0.099 0.039

Cumulative activity −0.136 0.088 −0.169 0.046

Number of cycles 0.151 0.01 0.187 0.003

Hb toxicity grade 0.162 <0.000 0.213 <0.0001

WBC toxicity grade −0.068 0.096 −0.094 0.029

PLT toxicity grade −0.063 0.255 −0.063 0.269

PLT toxicity score 0.077 0.187 0.079 0.194
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Any nephrotoxicity

This analysis included 279 patients (34.6 %) with any neph-
rotoxicity including transient. In 20 % of affected patients the
disease was modelled by the risk factor data (adjusted R2=
0.032, F=5.46, p<0.0001). Codependent associations
modelled the disease in 27 % of affected patients (adjusted
R2=0.063, F=7.78, p<0.001). Variables significantly related
to the development of nephrotoxicity are shown in Table 6. Of
the known risk factors, hypertension and other risks for neph-
rotoxicity, e.g. nephrotoxic chemotherapy and TACE, were
significantly associated with the development of nephrotoxi-
city. Of the codependent associative factors, Hb toxicity grade
was most significantly related to the development of disease,
possibly as a consequence of nephrotoxicity. Other factors

included the number of cycles. However, the combination of
177Lu and 90Y was negatively associated, i.e. inversely related
to the development of nephrotoxicity. Subanalysis showed
that Hb toxicity grade was higher in patients with nephrotox-
icity (1.30±0.74 vs. 1.0±0.73, p<0.0001; Fig. 2a), and these
patients were older (56.7±12.3 years vs. 52.6±13.2 years,
p<0.0001; Fig. 2b) and were more frequently men (63.4 %
vs. 53.9 %, p<0.05; Fig. 2c), and nephrotoxicity occurred
more often in those receiving 90Y or a combination of 177Lu
and 90Y (73.5 % vs. 59 %, p<0.05; Fig. 2d).

Persistent nephrotoxicity

This analysis included 197 patients (24.3 %) with persistent
nephrotoxicity. Clinical risk factors modelled the disease in

Table 5 Haematological toxicity
in patients receiving PRRT: group
analysis. Given the lack of differ-
ences among different haemato-
logical lineages, data are grouped

aAccording to CTCAE version
4.0

Gradea All 90Y 90Y+177Lu 177Lu

No. of
patients

Percent of
patients

No. of
patients

Percent of
patients

No. of
patients

Percent of
patients

No. of
patients

Percent of
patients

0 67 8.3 33 9.2 11 7.0 23 7.9

1 410 50.8 147 40.8 75 47.8 188 64.8

2 253 31.4 129 35.8 54 34.4 70 24.1

3 63 7.8 39 10.8 15 9.6 9 3.1

4 14 1.7 12 3.3 2 1.3 0 0

Total 807 100 360 100 157 100 290 100

1/2 82.2 76.7 82.2 89.0

3/4 9.5 14.2 10.8 3.1

Fig. 1 Comparison of the three treatment groups, 177Lu (290 patients),
177Lu/90Y combination (157 patients) and 90Y alone (360 patients. a
Development of nephrotoxicity. MDS and AL in the three treatment
groups. 90Y+177Lu and 90Y alone were associated with significantly
higher levels of nephrotoxicity. The data are presented as means

(*p<0.0001 vs. 177Lu alone, two-tailed Mann-Whitney U test). LU
177Lu, LU+YT combination, YT=90Y. b Nephrotoxicity, transient and
persistent (grade 1/2), occurred in 279 patients (34.6 %) and was severe
(grade 3/4) in 1.5 %
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Toxicidad	hematológica

22 % of affected patients (adjusted R2=0.038, F=5.82,
p<0.0001). Codependent associations modelled the disease
in 34 % of affected patients (adjusted R2=0.104, F=11.5,
p<0.001). Variables significantly related to persistent nephro-
toxicity are shown in Table 6. The variables associated with
persistent nephrotoxicity were the same as those for any grade
of nephrotoxicity except that other previous therapies were
included in the model. Codependent associations included Hb
toxicity and the number of cycles as positively related to
persistent nephrotoxicity, while the radiopeptide type (177Lu
and 177Lu+90Y, as well as the cumulative number of cycles
and WBC toxicity were negatively associated with the devel-
opment of persistent nephrotoxicity.

Subanalysis showed that Hb toxicity grade was higher in
patients with persistent nephrotoxicity (1.42±0.75 vs. 1.024±
0.62, p<0.0001) andmore patients were exposed to 90Y-based
PRRT (83 % vs. 59 %, p<0.05). There was no relationship
between the grade of nephrotoxicity and the duration of PRRT
exposure from the first to the last cycle (Fig. 2e). However,
individuals who developed persistent toxicity had a signifi-
cantly shorter duration of PRRT exposure (mean 387 days vs.
658 days for transient toxicity, p<0.004; Fig. 2f). Subanalysis
of transient versus persistent nephrotoxicity did not identify
any known clinical risk factor; Hb toxicity grade was the only
covariate identified as significantly different (1.42±0.75 vs.
1.02±0.63, p<0.0001).

MDS

MDS occurred in 19 patients (2.35 %). Clinical risk factors
modelled the disease in 16 % of affected patients (adjusted

R2=0.02, F=5.16, p<0.0001) whereas codependent asso-
ciations modelled the disease in 30 % of affected patients
(adjusted R2=0.08, F=9.9, p<0.0001). The risk factors
associated with MDS were previous chemotherapy and
other bone marrow risk factors, such as tumour invasion
of bone marrow and other previous myelotoxic therapies,
while the PLT toxicity grade was also significant (p=0.01;
Table 7).

Acute leukaemias

AL occurred in eight patients (1.1 %, six of whom convert-
ed from MDS: one promyelocytic, three myeloid, three
lymphoblastic and one non-specified form). In 14 % of
affected patients the disease was modelled by the clinical
risk factor data (adjusted R2=0.015, F=4.16, p=0.002).
Codependent associations modelled the disease in only
18 % of affected patients (adjusted R2=0.021, F=3.19, p=
0.001). As found for MDS, the only risk factors associated
with AL were previous chemotherapy and other bone mar-
row risk factors, while PLT toxicity grade was also signif-
icant (p=0.03; Table 7). As expected, AL and MDS were
correlated. Subanalysis comparing patients with MDS who
developed AL and those who did not failed to identify
significant differences between the two groups. The times
between the start of PRRT and the development of MDS
and AL (mean 1,351 days and 1,699 days, respectively)
were not significantly different. However, both conditions
developed significantly later than persistent nephrotoxicity
(p<0.01; Fig. 3d).

Table 6 Clinical parameters as-
sociated with nephrotoxicity Any nephrotoxicity (n=279) Persistent nephrotoxicity (n=197)

Coefficient Significance Coefficient Significance

Risk factors

Previous chemotherapy −0.11 0.81 −0.035 0.477

Previous radiotherapy 0.008 0.82 0.018 0.624

Other previous therapy 0.067 0.055 0.092 0.012

Diabetes 0.051 0.144 0.065 0.075

Hypertension 0.144 <0.0001 0.144 <0.0001

Other nephrotoxic risk 0.133 0.005 0.149 0.003

Codependent associations
177Lu treatment −0.114 0.58 −0.154 0.013
177Lu+90Y treatment −0.102 0.026 −0.099 0.039

Cumulative activity −0.136 0.088 −0.169 0.046

Number of cycles 0.151 0.01 0.187 0.003

Hb toxicity grade 0.162 <0.000 0.213 <0.0001

WBC toxicity grade −0.068 0.096 −0.094 0.029

PLT toxicity grade −0.063 0.255 −0.063 0.269

PLT toxicity score 0.077 0.187 0.079 0.194

12 Eur J Nucl Med Mol Imaging (2015) 42:5–19
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High risk of myelodysplastic syndrome 
and acute myeloid leukemia after 
177Lu-octreotate PRRT in NET patients 
heavily pretreated with alkylating 
chemotherapy

Dear Editor, 

Gastroenteropancreatic neuroendocrine tumors (GEP-NETs) 
are rare but seen with increasing incidence. Current 
medical options for the management of nonresectable 
GEP-NETs include somatostatin analogs, targeted therapies, 
chemotherapies, and radiological and radionuclide 
therapies.

Peptide receptor radionuclide therapy (PRRT) is 
a modern therapeutic approach using radionuclide 
combined with somatostatin analog peptide whose 
affinity with somatostatin receptors (SSRs) allows 
targeting disseminated tumor disease. According to 
the ENETS guidelines, PRRT is indicated for patients 
with nonresectable, progressive, grade 1 or 2 GEP-NETs  
with high uptake on SSR scintigraphy (Pavel et  al. 
2012). In a large retrospective study of 310 GEP-NETs, 
46% had tumor response with 177Lu-octreotate therapy 
(Kwekkeboom et  al. 2008) with good progression-free 
and overall survival. In addition, first results of the 
prospective randomized NETTER-1 trial comparing 
177Lu-octreotate PRRT and octreotate LAR 60 mg have 
recently showed a median progression-free survival not 
reached at 25 and 8.4 months, respectively (Strosberg 
et al. 2015). PRRT is generally well tolerated, short-term 
side effects include mild fatigue, hematological and 
renal toxicity. Regarding longer term hematological 
side effects, myelodysplastic syndrome (MDS) or acute 
myeloid leukemia (AML) was reported in 0.2–5.4% of the 
patients in large series (Kwekkeboom et al. 2008, Imhof 
et al. 2011, Sabet et al. 2013, Kesavan et al. 2014, Bodei 
et al. 2015). Here, we report a much higher occurrence 
of MDS or AML in a single-center experience in patients 

treated with 177Lutetium-octreotate at late disease stage, 
after alkylating-based chemotherapy.

Our study included all 20 consecutive patients 
treated with 177Lutetium-octreotate PRRT between 
January 2004 and January 2011 at our center. All 
patients had progressive metastatic GEP-NETs. PRRT was 
performed in the Department of Nuclear Medicine of 
the Erasmus Medical Center of Rotterdam (Rotterdam, 
the Netherlands) due to the unavailability of PRRT in 
France. This unavailability explained why relatively 
few patients received this treatment in our center, and 
generally after first-line chemotherapy. As defined in 
previous reports from Rotterdam’s team (Kwekkeboom 
et al. 2001), the radiochemical purity of 177Lu-octreotate 
was 88%, and then reached yield after addition of 
DTPA (diethylenetriaminepentaacetic acid) approached 
99.99%. Patient medical records were reviewed to collect 
relevant data on demographics, tumor characteristics, 
surgery, treatments, and tolerability. A Student’s t-test was 
used to evaluate prognostic variables for the occurrence 
of therapy-related MDS or AML (t-MDS/AML).

Baseline clinical characteristics of the 20 patients are 
described in Table 1. Median follow-up from PRRT was 3.1 
years (range 0.3–8.9). Treatment with 177Lu-PRRT consisted 
of four cycles of 7.5 GBq; 16 patients received the four full 
dose cycles (one of them received two additional cycles) 
and 4 received lower dose due to early hematological 
toxicity (one of them one cycle).

PPRT induced short-term thrombocytopenia, 
neutropenia, and anemia in 25, 15, and 10%, 
respectively. However, four (20%) patients developed 
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targeting disseminated tumor disease. According to 
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46% had tumor response with 177Lu-octreotate therapy 
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reached at 25 and 8.4 months, respectively (Strosberg 
et al. 2015). PRRT is generally well tolerated, short-term 
side effects include mild fatigue, hematological and 
renal toxicity. Regarding longer term hematological 
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myeloid leukemia (AML) was reported in 0.2–5.4% of the 
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et al. 2015). Here, we report a much higher occurrence 
of MDS or AML in a single-center experience in patients 

treated with 177Lutetium-octreotate at late disease stage, 
after alkylating-based chemotherapy.

Our study included all 20 consecutive patients 
treated with 177Lutetium-octreotate PRRT between 
January 2004 and January 2011 at our center. All 
patients had progressive metastatic GEP-NETs. PRRT was 
performed in the Department of Nuclear Medicine of 
the Erasmus Medical Center of Rotterdam (Rotterdam, 
the Netherlands) due to the unavailability of PRRT in 
France. This unavailability explained why relatively 
few patients received this treatment in our center, and 
generally after first-line chemotherapy. As defined in 
previous reports from Rotterdam’s team (Kwekkeboom 
et al. 2001), the radiochemical purity of 177Lu-octreotate 
was 88%, and then reached yield after addition of 
DTPA (diethylenetriaminepentaacetic acid) approached 
99.99%. Patient medical records were reviewed to collect 
relevant data on demographics, tumor characteristics, 
surgery, treatments, and tolerability. A Student’s t-test was 
used to evaluate prognostic variables for the occurrence 
of therapy-related MDS or AML (t-MDS/AML).

Baseline clinical characteristics of the 20 patients are 
described in Table 1. Median follow-up from PRRT was 3.1 
years (range 0.3–8.9). Treatment with 177Lu-PRRT consisted 
of four cycles of 7.5 GBq; 16 patients received the four full 
dose cycles (one of them received two additional cycles) 
and 4 received lower dose due to early hematological 
toxicity (one of them one cycle).

PPRT induced short-term thrombocytopenia, 
neutropenia, and anemia in 25, 15, and 10%, 
respectively. However, four (20%) patients developed 
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Table 2 Prognostic factors of occurrence of MDS and AML in patients treated with PRRT

Patients who developed MDS/AML,  
n (%)

Other patients,  
n (%) P-value

Total 4 (20) 16 (80)
Gender (F/M)  3 (75) 4 (25) 0.16
Median age at diagnosis (years) (range) 53.8 (45–66) 51 (16–71) 0.63
Mean number of cycles of previous chemotherapy (range) 13.8 (6–25) 4.7 (0–19) 0.001 
Alkylating-based chemotherapy mean number of cycles (range) 12.5 (6–20) 3.75 (0–9) 0.001
Bone metastases before PRRT 3 (75) 8 (50) 0.39
Immunosuppressive treatment 2 (50) 0 (0) 0.006
Mean dose of PRRT (GBq) 29 30.5 0.94
Mean number of cycles of PRRT 4 4 0.97
Early hematological toxicity grade 3–4 3 (75) 2 (13) 0.03
Number of deaths 4 (100) 4 (29) –
Cause of deaths: underlying tumor 0 (0) 4 (29) –
MDS/AML 4 (100) 0 (0) –

Abbreviations: AML, acute myeloid leukemia; F, female; M, male; MDS, myelodysplastic syndrome; PRRT, peptide receptor radionuclide therapy.  
Bold indicates significant values.

The impact of bone metastases in the occurrence of 
MDS/AML remained unclear, and it had no significant 
impact in our study (P = 0.39). In a pilot study in 
11 patients with GEP-NETs and florid bone metastases 
(with advanced widespread metastatic bone disease) 
receiving PRRT (Sabet et  al. 2014), a higher than usual 
rate of hematological toxicity was reported, with grade 
3–4 reversible hematotoxicity of in 35% of the patients, 
but delayed hematological toxicity was not reported. 
In other studies, no statistical correlation between 
bone metastases after PRRT and the recovery of acute 
hematotoxicity or the subsequent occurrence of MDS/AML  
was seen (Sabet et al. 2013, Bergsma et al. 2015). 

In conclusion, our study, although based on a  
limited number of patients, suggests a high occurrence 
of MDS/AML in patients with GEP-NETs treated with  
PRRT after previous chemotherapy with alkylating 
agents. The indication of PRRT should take into 
consideration the importance of previous chemotherapy. 
Exposure to alkylating agents should be avoided in 
patients with low-grade NET, who have a long survival 
expectancy and a significant likelihood of benefiting 
from PRRT, because it may compromise the safety 
and future applicability of this more effective therapy. 
Regular and prolonged monitoring of blood counts is 
mandatory, especially in patients experiencing early 
hematological toxicity after PRRT.
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regrettably depicts anecdotal events defined in a selected 
subset, thereby providing a degree of bias that has led 
to an unreasonable overall conclusion. As currently 
presented, this engenders an erroneous assertion to 
a physician unfamiliar with the complexities of the 
subject that PRRT, used in a multidisciplinary fashion 
together or after chemotherapy (a registered treatment), 
has a significant risk (20%) of causing MDS/AML. As 
noted, the pessimistic conclusions are reached in a small 
subset of over 700 patients treated with 177Lu-octreotate 
at the EMC Rotterdam (Kwekkeboom et  al. 2008). In 
this group, the estimated incidence of these events is 
~2% (Kwekkeboom & Krenning 2016). Of additional 
concern is the argument that the occurrence of t-MN 
in the GEP–NET population treated with alkylating-
based chemotherapy is only 1% (i.e., 1 of 95). This is 
misleading because patients are neither numerically 
matched nor matched for individual chemotherapy, 
years of follow-up, skeletal involvement, and so on. 
The presented analysis of a small subgroup of heavily 
pretreated and progressive patients referred to another 
center to receive salvage PRRT unfortunately reflects 
the current practice of utilizing PRRT in very advanced 
stages of disease. Such data cannot be utilized to signal 
a spurious negative alert regarding safety. In order to 
better define the issue and render it balanced, we have 
evaluated the occurrence of t-MN in patients treated 
with various myelotoxic treatments.

Myeloid neoplasms are considered either the 
consequence of mutational events induced by cytotoxic 
therapies or to arise via the selection of a myeloid clone 
with a mutator phenotype that has a markedly elevated 
risk for mutational events (Boehrer et al. 2009). MDS and 
AML secondary to chemo- or radiotherapy are a recognized 
category in the WHO 2008 classification (t-MN), as a 
nosologic group with a heterogeneous clinical outcome 
(Vardiman et al. 2009). The latency between diagnosis and 
therapy-related disease ranges from a few months to more 
than 10 years, depending on the cumulative dosage or 
dose intensity of therapy and exposure to specific agents 
(Godley & Larson 2008). The incidence of primary MDS 
is estimated at 3–20/100,000 and tends to increase with 
age (Rollison et  al. 2008). No rigorous data that define 
the incidence of t-MN are available; estimates indicate a 
range of 10–15% of all MDSs. The overall risk of t-MDS 
is therefore low but not negligible. In the assessment 
of clinical trials of alkylating therapy, an incidence of 
0.25–1% per year beginning 2 years after the initiation of 
therapy and decreasing 7 years after the completion has 
been reported (Churpek & Larson 2013).

The incidence of t-MN after chemotherapy trials 
exhibits large variations due to inherent selection 
biases, with the highest percentages reported with 
older forms of intensive treatments and smaller series  
(Churpek & Larson 2013, Candelaria & Duenas-Gonzalez 
2015). Large series with extended follow-up are more 
reliable. In the SEER database (1975–2008), the occurrence 
of t-AML in more than 400,000 cancer patients treated 
with chemotherapy ± radiotherapy was 0.18%. This is 
4 times higher than the normal population. Of note, 
radiochemotherapy combinations for solid cancers 
did not carry a significantly increased risk, compared 
with chemotherapy alone (Morton et  al. 2013). Many 
conditions treated with alkylating agents have poor long-
term survival, unlike that of low-grade NET, and therefore, 
estimates of the long-term impact of these agents on the 
development of t-MN may be underestimated.

t-MN secondary to radiation is more complex and 
is a multifactorial process that originates due to single- 
or double-strand breaks in the DNA, involving errors in 
repair mechanisms and genetic mutations, with loss of 
function or oncogene activation. A critical parameter 
is the different sensitivities of DNA to radiation during 
the cell cycle and intrinsic host repair mechanisms 
(Bourguignon et  al. 2005). High-dose total body 
irradiation, as in atomic bomb survivors, Chernobyl 
nuclear disaster liquidators, or large-field conditioning 
radiotherapy before bone marrow transplantation, is 
known to be leukemogenic in a dose-dependent manner 
(Gluzman et  al. 2015). However, the absolute rate of 
MDS is very low. A cohort study of Nagasaki A-bomb 
survivors identified only 198 cases out of 86,271 (0.2%) 
irradiated individuals followed for 40–60 years, with 
greatest risk among the young (Iwanaga et  al. 2011). 
Although a potential increased risk of radiation therapy 
in association with chemotherapy has been reported (Sun 
et al. 2015), the relative contribution of chemotherapy to 
the incidence of t-MN is unclear. Follow-up of patients 
treated with chemotherapy for advanced Hodgkin 
lymphoma found t-MN in up to 2.7% (Engert et al. 2012). 
The mutagenic potential of lower doses of radiotherapy 
as used in modern radiation therapy planning, which 
greatly reduces the exposure of the bone marrow, is 
more controversial. This is especially relevant because 
many of the reported myeloid neoplasms share genetic 
features with de novo forms (Nardi et al. 2012, Cogle 2014, 
Zhang & Wang 2014). In such cases, the correlation with 
irradiation is debatable and is considered representative 
of epiphenomena that are either coincidental or reflect 
individual genetic susceptibilities (Zhang & Wang 2014).
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J Nucl Med 2011; 52:1361-1368Conclusion: GHS/QOL, KPS, and symptoms improved significantly
after Lu-177 octreotate therapy, and there was no significant decrease 
in QOL in patients who had no symptoms before therapy. 

In patients who had suboptimal scores for GSH/QOL or symptoms 
before therapy, a clinically significant improvement was demonstrated.

Our results indicate that Lu-177 octreotate therapy not only reduces 
tumors and prolongs overall survival, but also improves the patients‘ 
self-assessed QOL.



Lecciones	aprendidas	después	de	20 años

• Disminución	tamaño	tumoral:		46%
• Mejoría	síntomas:	50-63%
• Estabilización	:30-35%	
• Mejoría	QoL
• Descenso	biomarcadores
• Aumento	supervivencia
• Bien	tolerado

Toxicidad:
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Subaguda:	hematológica
reversible	>	90%
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Aim: Evaluate the efficacy and safety of 177Lu-Dotatate + SSAs (symptom control) compared to 
octreotide LAR 60 mg (off-label use)1 in patients with inoperable, somatostatin receptor 
positive midgut NET that is progressive under octreotide LAR 30 mg (label use)

Design: International, multicenter, randomized, comparator-controlled, parallel-group

Baseline
somatastatin

receptor imaging 
and randomization

n = 115 

Dose 1

n = 115

Treatment and Assessments
Progression-free survival (RECIST criteria) every 12 weeks

5 Years 
follow-up 

Dose 2 Dose 3 Dose 4

NETTER-1 Trial: Objectives and Design

1. FDA and EMA recommendation

4 administrations of 7.4 GBq of 177Lu-Dotatate every
8 weeks +  SSAs (symptom control) 

Octreotide LAR (high dose – 60 mg every 4 weeks1)

Strosberg JR, et al. J Clin Oncol. 2016;34(suppl 4S): Abstract 194.
RECIST, Response Evaluation Criteria in Solid Tumors

Strosberg	J	et	al.	NEJM	2017;376:125-35



177Lu-DOTATATE. NETTER-1
P.F.S.N	=	229	(ITT)

Number	of	events:	 91

• 177Lu-Dotatate:		 23	
• Oct	60	mg	LAR: 68

Octreotide	LAR	60	mg
Median	PFS:	8.4	months

177Lu-Dotatate
Median	PFS:	Not	reached

Hazard	ratio	(cociente	de	
riesgo)	:	0.21 [0.129	– 0.338]	
p	<	0.0001

reducción	del	79%		en	el	
riego	de	progresión/muerte

Mediana	estimada	en		PFS	
para	el	brazo	de	Lu-
DOTATATE	
≈	40	meses

Strosberg	J	et	al.	NEJM	2017;376:125-35



177Lu-DOTATATE. NETTER-1
O.S.

Strosberg	J	et	al.	NEJM	2017;376:125-35

N = 229 (ITT)
Nº muertes: 40

177Lu-Dotatate:   14
Oct 60 mg LAR: 26

Hazard ratio: 0.398
[0.21 – 0.77]
P = 0.0043
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BACKGROUND
Patients with advanced midgut neuroendocrine tumors who have had disease progres-
sion during first-line somatostatin analogue therapy have limited therapeutic options. 
This randomized, controlled trial evaluated the efficacy and safety of lutetium-177 
(177Lu)–Dotatate in patients with advanced, progressive, somatostatin-receptor–positive 
midgut neuroendocrine tumors.

METHODS
We randomly assigned 229 patients who had well-differentiated, metastatic midgut neu-
roendocrine tumors to receive either 177Lu-Dotatate (116 patients) at a dose of 7.4 GBq 
every 8 weeks (four intravenous infusions, plus best supportive care including octreotide 
long-acting repeatable [LAR] administered intramuscularly at a dose of 30 mg) (177Lu-
Dotatate group) or octreotide LAR alone (113 patients) administered intramuscularly at 
a dose of 60 mg every 4 weeks (control group). The primary end point was progression-
free survival. Secondary end points included the objective response rate, overall survival, 
safety, and the side-effect profile. The final analysis of overall survival will be conducted 
in the future as specified in the protocol; a prespecified interim analysis of overall sur-
vival was conducted and is reported here.

RESULTS
At the data-cutoff date for the primary analysis, the estimated rate of progression-free 
survival at month 20 was 65.2% (95% confidence interval [CI], 50.0 to 76.8) in the 177Lu-
Dotatate group and 10.8% (95% CI, 3.5 to 23.0) in the control group. The response rate 
was 18% in the 177Lu-Dotatate group versus 3% in the control group (P<0.001). In the 
planned interim analysis of overall survival, 14 deaths occurred in the 177Lu-Dotatate 
group and 26 in the control group (P = 0.004). Grade 3 or 4 neutropenia, thrombocyto-
penia, and lymphopenia occurred in 1%, 2%, and 9%, respectively, of patients in the 
177Lu-Dotatate group as compared with no patients in the control group, with no evidence 
of renal toxic effects during the observed time frame.

CONCLUSIONS
Treatment with 177Lu-Dotatate resulted in markedly longer progression-free survival and 
a significantly higher response rate than high-dose octreotide LAR among patients with 
advanced midgut neuroendocrine tumors. Preliminary evidence of an overall survival 
benefit was seen in an interim analysis; confirmation will be required in the planned 
final analysis. Clinically significant myelosuppression occurred in less than 10% of 
patients in the 177Lu-Dotatate group. (Funded by Advanced Accelerator Applications; 
NETTER-1 ClinicalTrials.gov number, NCT01578239; EudraCT number 2011-005049-11.)
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sion during first-line somatostatin analogue therapy have limited therapeutic options. 
This randomized, controlled trial evaluated the efficacy and safety of lutetium-177 
(177Lu)–Dotatate in patients with advanced, progressive, somatostatin-receptor–positive 
midgut neuroendocrine tumors.

METHODS
We randomly assigned 229 patients who had well-differentiated, metastatic midgut neu-
roendocrine tumors to receive either 177Lu-Dotatate (116 patients) at a dose of 7.4 GBq 
every 8 weeks (four intravenous infusions, plus best supportive care including octreotide 
long-acting repeatable [LAR] administered intramuscularly at a dose of 30 mg) (177Lu-
Dotatate group) or octreotide LAR alone (113 patients) administered intramuscularly at 
a dose of 60 mg every 4 weeks (control group). The primary end point was progression-
free survival. Secondary end points included the objective response rate, overall survival, 
safety, and the side-effect profile. The final analysis of overall survival will be conducted 
in the future as specified in the protocol; a prespecified interim analysis of overall sur-
vival was conducted and is reported here.

RESULTS
At the data-cutoff date for the primary analysis, the estimated rate of progression-free 
survival at month 20 was 65.2% (95% confidence interval [CI], 50.0 to 76.8) in the 177Lu-
Dotatate group and 10.8% (95% CI, 3.5 to 23.0) in the control group. The response rate 
was 18% in the 177Lu-Dotatate group versus 3% in the control group (P<0.001). In the 
planned interim analysis of overall survival, 14 deaths occurred in the 177Lu-Dotatate 
group and 26 in the control group (P = 0.004). Grade 3 or 4 neutropenia, thrombocyto-
penia, and lymphopenia occurred in 1%, 2%, and 9%, respectively, of patients in the 
177Lu-Dotatate group as compared with no patients in the control group, with no evidence 
of renal toxic effects during the observed time frame.

CONCLUSIONS
Treatment with 177Lu-Dotatate resulted in markedly longer progression-free survival and 
a significantly higher response rate than high-dose octreotide LAR among patients with 
advanced midgut neuroendocrine tumors. Preliminary evidence of an overall survival 
benefit was seen in an interim analysis; confirmation will be required in the planned 
final analysis. Clinically significant myelosuppression occurred in less than 10% of 
patients in the 177Lu-Dotatate group. (Funded by Advanced Accelerator Applications; 
NETTER-1 ClinicalTrials.gov number, NCT01578239; EudraCT number 2011-005049-11.)
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Abstract

Purpose: Bronchial and gastroenteropancreatic neuroendo-
crine tumors (NET) are slow-growing tumors, which frequently
express somatostatin receptors on their cell membranes. These
receptors are targets for therapy with Lutetium-177–labeled
somatostatin analogues.We have treated over 1,200 patients with
peptide receptor radionuclide therapy(PRRT)with[177Lu-DOTA0,
Tyr3]octreotate (177Lu-DOTATATE) since the year 2000 and pres-
ent the results on efficacy, survival, and toxicity of this therapy.

Experimental Design: For safety analysis, 610 patients treated
with a cumulative dose of at least 100 mCi (3.7 GBq) 177Lu-
DOTATATE were included. A subgroup of 443 Dutch patients
whowere treated with a cumulative dose of at least 600mCi (22.2
GBq) 177Lu-DOTATATE before 2013 was further analyzed for
efficacy and survival.

Results: The objective response rate of the total group of
patients was 39%. Stable disease was reached in 43% of patients.
Progression-free survival (PFS) and overall survival (OS) for
all NET patients were 29 months [95% confidence interval (CI),
26–33 months] and 63 months (95% CI, 55–72 months). Long-
term toxicity included acute leukemia in four patients (0.7%) and
myelodysplastic syndrome in nine patients (1.5%). No therapy-
related long-term renal or hepatic failure occurred.

Conclusions: PRRT with 177Lu-DOTATATE is a favorable ther-
apeutic option in patients with metastatic bronchial and gastro-
enteropancreatic NETs that express somatostatin receptors. PRRT
with 177Lu-DOTATATE is safe with few side-effects and shows
good response rates with PFS of 29months andOS of 63months.
Clin Cancer Res; 1–8. !2017 AACR.

Introduction
Neuroendocrine tumors (NET) are a heterogeneous group of

tumors. A subset of this slow-growing tumor type are the gastro-
enteropancreatic NETs (GEP-NETs) and bronchial NETs (1).
Unfortunately, the majority of GEP-NET patients have metastatic
disease at time of presentation (2). Over the past decades, the
incidence of GEP-NETs is rising. After the introduction of new
therapies, the 5-year survival has significantly improved (3). This
improvement is partly due to first-line therapy with long-acting
somatostatin analogues (Octreotide LAR, Lanreotide Autogel)
and targeted therapies (e.g., everolimus and sunitinib), which
are approved second-line therapies for patients with progressive

inoperable GEP NETs (sunitinib only being approved in pancre-
atic NET) (4, 5). For GEP and bronchial NETs, peptide receptor
radionuclide therapy (PRRT) with [177Lu-DOTA0,Tyr3]octreotate
(177Lu-DOTATATE) has yielded very promising results. This ther-
apy is based on the fact that the majority of these NETs express a
high number of high-affinity somatostatin receptors on their cell
membranes. These receptors can be used for both imaging and
therapy with radiolabeled somatostatin analogues (6). For ther-
apy, the b-emitting radionuclide Lutetium-177, with a half-life of
6.7 days and a maximum b range of 2 mm in tissue, can be used.
These parameters makes Lutetium-177 the ideal radionuclide
for PRRT. Treatment with b-emitting radiolabeled somatostatin
analogues results in impressive percentages of tumor regression
(7–10). Also, success monitored as time to progression (TTP),
progression-free survival (PFS), and overall survival (OS) has
been reported in uncontrolled studies (8, 11). With the recent
publication of the promising results of the NETTER-1 trial (12),
the first phase III trial comparing 177Lu-DOTATATE to high-dose
Octreotide LAR therapy in patients with inoperable metastatic
midgut NETs, it may be expected that the use of this therapy will
increase in the coming years. We have previously reported on the
treatment with the radiolabeled somatostatin analogue 177Lu-
DOTATATE (8), and have compared the side-effects and the
results of this treatment with other treatment modalities and
historical controls. Righteously, critical commentary arose, as to
the validity of the comparisons with historical controls. Also, the
high number of foreign patients that we have treated, and of
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Kaplan–Meier method. Comparison between subgroups was
made using c2-test (or, if applicable, Fisher exact test), ANOVA,
or paired t tests. P values lower than 0.05 were considered to be
significant.

Results

For safety outcome, 610 patients who received !100 mCi (3.7
GBq) 177Lu-DOTATATE were analyzed. Median follow-up time

Figure 1.
Flowchart for the selection of patients.

Efficacy, Survival, and Toxicity after 177Lu-DOTATATE

www.aacrjournals.org Clin Cancer Res; 2017 OF3

Research. 
on July 13, 2017. © 2017 American Association for Cancerclincancerres.aacrjournals.org Downloaded from 

Published OnlineFirst April 20, 2017; DOI: 10.1158/1078-0432.CCR-16-2743 

Erasmus

Kaplan–Meier method. Comparison between subgroups was
made using c2-test (or, if applicable, Fisher exact test), ANOVA,
or paired t tests. P values lower than 0.05 were considered to be
significant.

Results

For safety outcome, 610 patients who received !100 mCi (3.7
GBq) 177Lu-DOTATATE were analyzed. Median follow-up time

Figure 1.
Flowchart for the selection of patients.

Efficacy, Survival, and Toxicity after 177Lu-DOTATATE

www.aacrjournals.org Clin Cancer Res; 2017 OF3

Research. 
on July 13, 2017. © 2017 American Association for Cancerclincancerres.aacrjournals.org Downloaded from 

Published OnlineFirst April 20, 2017; DOI: 10.1158/1078-0432.CCR-16-2743 

64	meses

39%	No	STT



Seguridad- eficacia

Hemato	3-4 LA SMD Insuficiencia	Rñ

10%		(61/582)
3%,		3m	(19/582)

0.65%	(4/612)
55	m	(32-125	m)

1.5%	(9/612)
28	m	(9-41	m)

1%	(6/612)
1	post-rñ,	5	pre-rñ

n PFS	(meses) OS	(meses)
Todos	NET 443 29 63

Bronquial 23 20 52

Pancreas 133 30* 71

Other	Foregut 12 25 -

Midgut 181 30 60

Hindgut 12 29 -

Unknown 82 29 53

Brabander	T,	et	al	Clin	Cancer	Res	2017.	doi	10.1158/1078-0432-CCR-16-2743

<	OS:	extensa	afectación	hepática	y	mts	óseas,	PD	baseline.

*everolimus/su
nitinib	11m



8.4months and the PFS was not reached for the patients receiving
177Lu-DOTATATE plus 30 mg Octreotide LAR per 4 weeks. For
comparison with the NETTER-1 study, we selected patients with
progressive midgut NETs, who received at least the same
minimum cumulative dose of !100 mCi (3.7 GBq) of 177Lu-
DOTATATE. Most patient characteristics were not significantly

different frompatients in theNETTER-1 study (Table 4).However,
tumor regional distribution seemed to be higher and tumor
uptake on OctreoScan lower in our patients. The latter may be
affected in the NETTER-1 study by the high dose Octreotide LAR
pretreatment (22).

The proliferation marker Ki67 is used for the grading of NETs
(23–25). In our study, the results of the Ki67 index labeling was
not available in all tumors, because we started to routinely use the
Ki67 index for grading of NETs in 2007. To have an estimation of
the presence of high-grade NETs in our patient cohort, we took a
sample of 230 GEP-NET patients who were treated after 2006. Of
these 230 patients, 88 patients (38%) had WHO grade 1 NETs,
131 patients (57%) had grade 2 NETs, and 11 patients (5%) had
grade 3 NETs (23–25). Because mainly grade 1–2 NETs were
treated, we can conclude that PRRT is especially a therapeutic
option for these tumors.Moreover, themajority of grade 3 tumors
are negative on OctreoScan (26) and therefore cannot be treated
with PRRT with 177Lu-DOTATATE.

For progressive, metastatic grade 1–2 pancreatic NETs, both
everolimus and sunitinib are approved therapies. In the RADI-
ANT-3 study (27), comparing 10 mg everolimus orally daily to
placebo, the PFS was 11.0 months for everolimus. In the study
comparing sunitinib 37.5mg orally daily to placebo (28), the PFS
for sunitinib was 11.4 months. The PFS for pancreatic NETs with
radiologic progression at baseline (Table 2) after therapy with
177Lu-DOTATATE was 31 months and suggests being longer than
with the currently available targeted therapies.

Recently, the results of the RADIANT-4 study (29) have also
been published. This study compared everolimus 10 mg orally
daily to placebo in patients with advanced grade 1–2 NETs of the
lung and gastrointestinal origin. The PFS for everolimus was 11.0
months and thus comparable with the PFS for everolimus in
the RADIANT-3 study. We found a PFS after PRRT with 177Lu-
DOTATATE of 29 months in the total group of patients with
primary NETs in the lung or gastrointestinal tract. Although our
patients were not randomized at inclusion, the current results can
be compared with other studies due to the large number of
patients and very long follow-up period. Therefore, not only in
patients with pancreatic, but also in patients with bronchial and
gastrointestinal NETs, the PFS seems to be better after 177Lu-
DOTATATE than the current targeted therapies which are regis-
tered for these indications.

A disadvantage of PRRT in general is the potential side-effects,
especially on the bone marrow and kidneys. Because of coinfu-
sion of lysine and arginine starting just before therapy, the
radiation dose to the kidneys can be lowered and, therefore, the
kidney is no longer the dose-limiting organ (13) with 177Lu-
DOTATATE. We have observed renal failure in six patients during
follow-up after this therapy. The cause of this renal failure was
probably not related to PRRT, as we found other more plausible
causes in all patients. Acute leukemia and MDS are severe com-
plications related to PRRT and occurred after a median of 28
months after the first cycle of PRRT with 177Lu-DOTATATE for
MDS and after a median of 55 months for acute leukemia.
Although none of our patients who were diagnosed with acute
leukemia/MDS received prior chemotherapy, recent reports sug-
gest that there might be a higher risk of MDS/acute leukemia after
alkylating chemotherapy (30–32).

Other therapy-related side-effects are hormone related pro-
blems. In this study, we did not focus on hormonal crises after
PRRT. In a previous study, we have reported on 6 of 479 patients

Table 3. Factors predicting median OS in patients with bronchial and
gastroenteropancreatic NETs

Factor
No. of

patientsa
Median OS
(months) HR (95% CI) P

ALP
<120 248 83 0.45 (0.35–0.59) <0.01
>120 189 47

Liver metastases
Yes 346 57 0.46 (0.34–0.62) <0.01
No 93 119

Bone metastases
Yes 70 47 0.56 (0.38–0.83) <0.01
No 367 69

Extent of disease
Limited 62 123 <0.01
Moderate 314 62
Extensive 67 46

KPS
"70 35 27 <0.01
80 103 49
90 160 65
100 138 81

Best response
CR 9 Undefined < 0.01
PR 165 82
SD 192 61
PD 53 24

aNumber of patients may vary due to missing data.

Table 4. Comparison between NETTER-1 study and patients with progressive
midgut NETs receiving !100 mCi (3.7 GBq) 177Lu-DOTATATE

Progressive midgut
carcinoids Characteristic

NETTER 1
(N ¼ 116)

Erasmus MC
(N ¼ 106) P

Sex, n (%)
Female 53 (46) 52 (49) NS
Male 63 (54) 54 (51)

Mean age ($SD), years 63 ($9) 62 ($10) NS
Mean BMI ($SD), kg/m2 25 ($5) 26 ($4) NS
Mean KPS ($SD) 88.6 ($9.3) 85.8 ($10.2) <0.05
Site of metastasis, n (%)
Liver 97 (84) 97 (92) NS
Bone 13 (11) 14 (13) NS

SRS, uptake scale, n (%)
Grade 2 11 (10) 7 (7) NS
Grade 3 34 (29) 74 (70) <0.01
Grade 4 71 (61) 25 (23) <0.01

Extent of disease, n (%)
Limited 99 (85) 4 (4) <0.01
Moderate 13 (11) 82 (77) <0.01
Extensive 4 (3) 20 (19) <0.01

Previous treatments, n (%)
Surgery 93 (80) 60 (57) <0.01
Chemotherapy 11 (9) 6 (6) NS
Radiotherapy 4 (3) 3 (3) NS

Previous somatostatin
analogue therapy (%)

116 (100) 89 (84) <0.01

ORR, n (%) 18 (16) 29 (27)a <0.05
PFS rate at 20 months (%) 65 58 NS
Median OS, months NR 46

Abbreviations: BMI, body mass index; NR, not reached.
aBest response used for Erasmus MC patients.
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Diarrhea TTD

Arm Total N N Events Median Survival 
(95%-CI)

Hazard Ratio
(95%-CI)

P Value 
Log-Rank Test

177Lu-Dotatate 117 19 . (Limits: . ; .) 0.47 (Limits: 
0.263; 0.853) .0107

Octreotide LAR 114 27 . (Limits: 5.78; .)

Arm Total N N Events Median Survival 
(95%-CI)

Hazard Ratio
(95%-CI)

P Value 
Log-Rank Test

177Lu-Dotatate 117 31 14.75 (Limits: 
8.8706 ; .)

0.57 (Limits: 
0.342; 0.938) .0247

Octreotide LAR 114 32 11.10 (Limits: 
6.3409; 11.7618)



Conclusions:
• The results confirm a statistically significant and robust 

beneficial effect of 177Lu-Dotatate on time to deterioration for 
nearly all clinically relevant parameters

• In the QoL domains where the improvement of TTD did not 
reach statistical significance between the arms, it primarily 
favored the 177Lu-Dotatate arm

• Unlike many oncologic drugs, the superior efficacy of 177Lu-
Dotatate is not achieved at the expense of deterioration in QoL, 
which is not only maintained but improved

• In conclusion, this analysis demonstrates that 177Lu-Dotatate 
provides a significant quality of life benefit for patients with 
progressive midgut NETs

Strosberg J, et al. Presented at: 10th Annual NANETS Symposium; October 19-21, 2017: Philadelphia, Pennsylvania. Abstract C-33. 









Patient with NEC (G3) of the bladder with lymphnode and uterus metastases, 
shows progression after surgery and treatment with Somatostatin analogues

sst2 affinity profile (IC50)
0.7 ± 0.15 nM

sst2 affinity profile (IC50)
1.5 ± 0.4  nM

Comparison of 177Lu-DOTATATE and 177Lu-DOTA-JR11 dosimetry
(G3)                 

68Ga-DOTA-TATE PET

Limited kidney function
Creatinine clearence: 54 ml/min

(norm 90 – 179 ml/min)

177Lu-DOTA-TATE   (Agonist)
Isodose curves based on 

3D voxel dosimetry analysis

mean  dose: 1.4 Gy/GBq
Tumor-to-kidney 

dose ratio: 1.1

177Lu-DOTA-JR11   (Antagonist)
Isodose curves based on 

3D voxel dosimetry analysis

mean  dose: 5.7 Gy/GBq
Tumor-to-kidney

dose ratio: 2.5

D. Wild et al. J Nucl Med 2014;55:1248-52



177Lu-OPS201 Phase 1/2 Trial – TIP

DLT, dose limiting toxicity.

Clinicaltrials.gov identifier NCT02592707.
Nicolas G, et al. Peptide Receptor Radionuclide Therapy (PRRT) with a Somatostatin Receptor (SSTR) Antagonist in Patients with SSTR-Positive, Progressive Neuroendocrine 
Tumours (NETs): A Phase I/II Open-Label Trial to Evaluate the Safety and Preliminary Efficacy of 177Lu-O. 
Presented at ENETS 2017 Symposium; Barcelona, Spain. Abstract N12. 11

• 177Lu-OPS201 is a radiolabeled SSTR2-selective antagonist
• Trial examining safety and efficacy of 177Lu-OPS201 PRRT started in early 2017

Patients with advanced 
G1/G2, SSTR-positive, 

GEP or lung NET; 
progressive disease 

within 6 months despite 
antitumor therapy

(N=45)

177Lu-OPS201 escalated to ≤7.4 GBq
(3 cycles)

dependent on phase A 
safety/dosimetry

177Lu-OPS201 at 4.5 GBq or
177Lu-OPS201 activity not evoking DLT

(3 cycles)

177Lu-OPS201 at 4.5 GBq 
(3 cycles)

Phase B
(n=30)

Phase A
(n=15)

Primary end point: 
safety and tolerability

Secondary end points:
biodistribution and PK 
(maximal uptake, AUC, 
terminal half life); radiation 
dosimetry; preliminary 
efficacy (tumor response, 
PFS); QOL

n=6

n=9



PRRT vs Targeted Agents
1. COMPETE (phase 3)

• 177-PRRT vs Everolimus (10 mg)
• Inoperable, progressive, somatostatin receptor-positive (SSTR+), 

neuroendocrine tumours of gastroenteric or pancreatic origin (GEP-NET)
• PFS 

• 177Lu-Edotreotide x 4 cycles, 300 GEP-NET

• Randomized 2:1 to receive either targeted radionuclide therapy with 177Lu-Edotreotide or everolimus

• Study duration per patient will be 24 months

https://clinicaltrials.gov/ct2/show/NCT03049189



SV, screening visit.
Clinicaltrials.gov identifier, NCT02230176. 
Courtesy of Eric Baudin, primary investigator, Gustave Roussy, France.
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Stratification :
– Liver involvement >25 % or ≤25% 
– Ki -67>10% or ≤10% 
– Number of previous lines ≥2 or <2 
– Prior cytotoxic chemotherapy yes or no 

Efficacy assessment + SV 
every 3 months

Assessment of 
primary end point 

at 12 months

Patient with malignant, 
nonresectable, progressive 

pNET

PRRT vs Targeted Agents
2. OCLURANDOM (Randomized phase 2)

177Lutetium-Octreotate vs Sunitinib in Unresectable Progressive, Well-Differentiated pan-NET





Son	todos	los	que	están	pero	
no	están	todos	los	que	son
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6L� GHVJUDQDPRV� HVWRV� EHQHȴFLRV�� HQ�
función de los resultados más recientes 
podemos ver como en el ensayo en fase 
III NETTER-1 los datos de supervivencia 
libre de progresión y supervivencia glo-
EDO� SUHVHQWDQ� XQ� FODUR� EHQHȴFLR� HQ� HO�
brazo de tratamiento con 177Lu-Dotatate 
frente al brazo control.

Atendiendo a los estudios realizados 
y utilizando también las guías ENETS, 
EANM, SNM e IAEA, así como el criterio 
como especialista de los autores de este 
consenso, se pueden elaborar una serie 
de indicaciones para el tratamiento con 
177Lu-Dotatate en función del grado de 
evidencia.

El mayor grado de evidencia de la efec-
tividad de este tratamiento viene dado 
por el ensayo en fase III denominado 
NETTER-1. Se trata del primer estudio 
de fase III, multicéntrico, abierto, alea-
WRUL]DGR�� HVWUDWLȴFDGR�� GH� FRPSDUDGRU�
activo y de grupos paralelos que busca 
comparar el tratamiento 177Lu-Dotatate 
frente a octreotide de acción prolonga-
da en pacientes con tumores carcinoi-
des del intestino medio irresecables, 
en progresión, positivos para recepto-
res de somatostatina. Los resultados de 
este estudio se presentaron por primera 
vez en el Congreso Europeo del Cáncer 
durante la Sesión Presidencial del 27 
de septiembre del 2015. Los resultados 
detallados del estudio mostraron que el 
WUDWDPLHQWR� PHMRUD� GH� PDQHUD� VLJQLȴ-

cativa la supervivencia libre de progre-
sión (Figura 3) en pacientes con tumores 
neuroendocrinos del intestino medio en 
estado avanzado pasando de 8 meses 
en el brazo control a 40 meses (hr=0,2) 
en el brazo con 177Lu-Dotatate. Además 
hubo una respuesta objetiva del tumor 
HQ�����GH�ORV�FDVRV�IUHQWH�DO����HQ�EUD-
zo control y la supervivencia global, aún 
siendo datos inmaduros, también es 
mejor en el brazo del tratamiento. 

En un segundo nivel de evidencia nos 
encontramos con los datos arrojados 
por el ensayo en fase I/II con 177Lu-Do-
tatate denominado ERASMUS. En este 
ensayo se analizan pacientes con todo 
tipo de tumores neuroendocrinos gas-
troenteropancreáticos incluyéndose 
también los de origen bronquial (cita 
de ERASMUS). Aunque recordando que 
no es randomizado ni tiene brazo con-
trol, es de señalar que en este estudio 
FRQ�P£V�GH�����SDFLHQWHV� OD�UHVSXHVWD�
WXPRUDO��5&�53��IXH�GHO���������(O�WLHP-
po libre de progresión osciló entre 31-40 
meses y la supervivencia global de 31-51 
PHVHV��$GHP£V�KXER�PHMRU¯D�VLJQLȴFDWL-
va en la calidad de vida de los pacientes 
tratados con 177Lu-Dotatate.

El tercer grado de evidencia es la pu-
blicación de los resultados de la prácti-
ca clínica habitual en diferentes países 
de nuestro entorno en los que se lleva 
a cabo en la práctica clínica habitual 
(Alemania, Holanda, Italia, etc), y del uso 

compasivo del tratamiento. Se ha visto 
que otros tumores positivos para la ex-
presión de receptores de somatostatina 
pueden ser buenos candidatos para el 
tratamiento con 177Lu-Dotatate. Así se 
han tratado casos de paragangliomas, 
feocromocitomas o incluso melanomas 
y carcinomas diferenciados de tiroides 
SST positivos con buenos resultados.

B.VALORACIÓN DEL PACIENTE 
CANDIDATO A TRATAMIENTO: 
RECOMENDACIONES EANM, SNM 
E IAEA

Es altamente recomendable que el pa-
ciente sea valorado por un comité multi-
discipinar de tumores neuroendocrinos 
para establecer la indicación de trata-
miento de manera consensuada. En lí-
neas generales el paciente candidato al 
tratamiento ha de cumplir las siguientes 
condiciones:

 • Paciente con diagnóstico histopatoló-
JLFR� FRQȴUPDGR� GH� WXPRU� QHXURHQ-
docrino, en progresión a tratamiento 
con análogos “fríos” de somatostatina 
(Octreotide o Lanreotide). 

Corte histológico de tumor carcinoide

Imagen 4. Corte histológico de tumor carcinoide: 
arquitectura del tejido donde se muestran las 
formaciones en nidos de las células tumorales 
(a) y el estadiaje a través de la Cg presente en el 
citoplasma (b). Wong et al. J Med Imaging and Rad 
Oncol 2009, 53: 1-12

ü Diagnóstico	inmunohistoquímico	de	TNE.

ü Expresión	de	recepetores	de	somatostatina	en	elevada	densidad	

valorado	con	imagen	funcional	con	análogos	de	la	somatostatina.

ü G1	o	G2	(ki-67	<	20%).

ü Karnofsky	>60		/	ECOG	<2

ü Expectativa	de	vida	superior	a	6	meses

ü Parámetros	hematólogicos

ü Función	renal

ü Función	hepática



Visita	en	Medicina	Nuclear:	explicación	y	consentimiento

Técnicas	de	imagen	con	antigüedad	menor	de	3	meses:	situación	y	respuesta	ttº

Analítica	2-3	semanas	previas

Suspender	análogos	STT:	prolongada	/	corta

Premedicación:	antieméticos,	dexametasona

AA:	25	g	arginina	+	25	g	lisina

Servicio	de	Medicina	Nuclear	con	autorización	CSN	para	177Lu
Autorización	AEMPS

Autorización	Gerencia	Hospital





4	ciclos	/	6-8	semanas	/	200	mCi 177Lu-DOTATATE

Control	hematológico:	4-6	s	pos-ttº		y	15	días	antes
Control	imagen:	entre	ciclo	2-3

5. Administración del tratamiento: Aspectos prácticos | 2120 | Consenso de manejo de PRRT en el tratamiento de TNEs

de alta, el paciente tendrá en cuenta 
una serie de medidas de protección 
radiológica acordes a la tasa de dosis 
que presente.

Se suministrarán, tanto al paciente 
como a sus familiares, las normas es-
critas de protección radiológica que de-
berán adoptar para hacer frente a los 
riesgos de contaminación e irradiación.

PROTOCOLO DE ADMINISTRACIÓN DEL 
FÁRMACO
El tratamiento consiste en la adminis-
tración de 4 ciclos de 177Lu-Dotatate con 
un intervalo de 8-10 semanas. A conti-
nuación se desarrolla el procedimiento 
de infusión para cada ciclo.

a. En primer lugar al paciente se le ca-
nalizará acceso venoso que asegure 
la adecuada infusión del tratamiento, 
y evitar la extravasación del mismo. 

b. Se administrarán aminoácidos (AA) 
para protección renal: la combina-
ción que ha demostrado ser más 
efectiva es la de lisina 25g+ arginina 
25g diluidos en 1l de ClNa 0,9%. La 
infusión se inicia 30-60 minutos an-
tes de la administración del radiofár-
maco y debe prolongarse como míni-
mo 4 horas. En pacientes con riesgo 
a desarrollar insuficiencia cardíaca 
se debe evitar la sobrecarga de vo-
lumen, infundir menos volumen en 

más tiempo, 1 litro / 10 horas y repe-
tir al día siguiente (12,5g +12,5g). 

En general, se deben evitar las solucio-
nes de aminoácidos hiperosmóticas 
ya que pueden inducir desequilibrios 
electrolíticos (acidosis graves, arrit-
mias). Cuando no se disponga de pre-
paraciones con la concentración arri-
ba indicada se deberá recurrir a las 
preparaciones comerciales que me-
jor se ajusten a las concentraciones 
deseadas de arginina y lisina. En este 
sentido, resultan preferibles los pre-
parados HEPA ya que son más ricos 
en aminoácidos ramificados (arginina 
y lisina) y con menor osmolaridad.

Las náuseas y vómitos secundarios a 
la acidosis metabólica secundaria a la 
administración de la solución de AA 
suceden con mayor frecuencia e in-
tensidad cuando se utilizan soluciones 
hiperosmolares. Para su prevención 
se administrarán 30 minutos antes de 
iniciar la perfusión de aminoácidos: 

 � Dexametasona: 8mg /12 horas

 � Antieméticos: ondansetrón 8mg IV 
(valorar administrar cada 8 horas 
durante su ingreso y por vía oral al 
alta durante los 2-3 primeros días 
en función de la tolerancia).

 � En función de la tolerancia valorar 
añadir Aprepitant o Fosaprepitant 

como profilaxis antiemética en ci-
clos subsiguientes.

c. A los 30 minutos de iniciada la infu-
sión de aminoácidos se procede a la 
administración de 177Lu. El tiempo de 
administración no debe ser inferior a 

Figura 4 - Esquema temporal de administración del tratamiento

Antieméticos
Dexametasona

177Lu-Dotatate

0,5 h

0,5 h

1 h 2 h 4 h (mínimo)

Infusión de aminoácidos

Figura 5 - Sistema de Infusión

Aminoácidos
NaCl
0,9%

50 ml

Paciente

llave de
3 pasos

Aguja cortaAguja larga

30 minutos y se puede administrar en 
la misma vía venosa por donde están 
siendo inyectados los aminoácidos.

Tanto la administración de aminoáci-
dos como de 177Lu puede realizarse con 
bomba de infusión. 
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Integrating Radioembolization into the Treatment Paradigm
for Metastatic Neuroendocrine Tumors in the Liver

Andrew Kennedy, MD, FACRO,*w z Douglas Coldwell, MD, PhD, FSIR,y
Bruno Sangro, MD, PhD,J Harpreet Wasan, MD,z and Riad Salem, MD, MBA#

Abstract: Surgical resection of hepatic metastases from neuroendo-
crine tumors (mNETs) is controversial because the potential survival
benefit of this intervention must be balanced against the risk of surgical
morbidity and mortality. In patients with unresectable mNETs in the
liver, radioembolization has been used to treat tumors from a range
of primary sites, including carcinoid and islet cell carcinomas as well
as nonfunctional, asymptomatic tumors. Initial clinical studies and
retrospective studies on a large cohort of patients indicate that
radioembolization is well tolerated and highly effective in achieving a
durable hepatic tumor response and ameliorating symptoms. Radio-
embolization using Yttrium-90 (90Y)-labeled resin or glass micro-
spheres offers effective disease control and possible improved quality
of life and thus merits consideration as an option for both functional
and nonfunctional mNETs. Benefits of this intervention seem to extend
from use in early lines of treatment to salvage of refractory disease.
Radioembolization also offers a potential somatostatin analog-sparing
effect in symptomatic disease.

Key Words: Yttrium-90, SIRT, metastases, carcinoid, hepatic

(Am J Clin Oncol 2012;35:393–398)

Surgical resection of isolated primary neuroendocrine
tumors is safe, effective, and associated with low

recurrence rates.1 However, controversy exists about resection
of hepatic metastases as the potential survival benefit must be
balanced against the risk of surgical morbidity and mortality in
a disease that is often slow growing and unpredictable in its
natural history.1 We have undertaken a review of the current
literature of radioembolization via Medline search and
unpublished data presented at scientific meetings.

Potentially curative resection of 4 or more hepatic
metastases after removal of the primary tumor significantly
improves disease-free survival compared with resection of
more than 4 hepatic lesions (42 vs. 28 mo and 46 vs. 20 mo,
respectively).2 However, resection is feasible in fewer than 10%
of the patients with neuroendocrine tumor liver metastases.1

Palliative debulking of metastatic neuroendocrine tumors
(mNETs) also prolong survival and in most cases provide
6 to 24 months of relief from symptoms; although complication
(33%) and mortality (9%) rates are high.3,4 Current surgical
data have clear limitations, with nearly all results coming from
single-institution retrospective studies that lacked control
groups.1 Although surgical resection remains the treatment of
choice, radiofrequency ablation of tumors 3 cm or less is an
option, particularly for palliation of symptoms.1,5

The development of somatostatin analogs in the 1980s
enabled a substantial improvement in the control of hormonal
syndromes that was hitherto a frequent cause of morbidity and
mortality, with the median survival of metastatic carcinoid
tumors increasing from 17 months between 1973 and 1987 to
37 months between 1988 and 1999.1 Unfortunately, somatos-
tatin analogs have little effect as anticancer agents, eliciting a
low response rate alone or in combination with a-interferons
(4% and 7%, respectively) and their efficacy in symptom
control may wane owing to the development of tachyphylaxis
and disease progression.6,7 Studies on somatostatin analog-
based radionuclides have to date reported an overall response
rate (complete or partial response) of 13% to 30%, an overall
clinical benefit of 61% to 84%, with a median progression-free
survival of 9 to 40 months and median overall survival of 13 to
46 months.8–12

Current systemic chemotherapy for bulky low-grade
mNET has mediocre efficacy, an unfavorable toxicity profile,
or both.1 Response rates for streptozocin/5-fluorouracil (5 FU)
or doxorubicin/5 FU in carcinoid tumors were 16% with
progression-free survival of 4.5 and 5.3 months, respectively,
whereas studies of streptozocin plus doxorubicin in the more-
aggressive islet cell carcinoma revealed response rates of only
6%.13–15 In contrast, poorly differentiated tumors seem to
respond better to chemotherapy than do other NETs, although
they are also more aggressive. Mitry and colleagues16 reported
an overall response rate of 41.5%, 9.2 months median duration
of response, and 15 months median survival in a cohort of 41
patients with poorly differentiated NETs.

Systemic radionuclide therapies offer the prospect of
targeting radiotherapy at disseminated and/or localized disease
in patients whose tumors show selective uptake of the relevant
drug. To date, studies with iodine-131 metaiodobenzylguani-
dine (131I-MIBG) have shown that clinical responses are
usually limited to hormonal and symptomatic responses
with only a modest impact on radiologic progression.17
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recurrence rates.1 However, controversy exists about resection
of hepatic metastases as the potential survival benefit must be
balanced against the risk of surgical morbidity and mortality in
a disease that is often slow growing and unpredictable in its
natural history.1 We have undertaken a review of the current
literature of radioembolization via Medline search and
unpublished data presented at scientific meetings.

Potentially curative resection of 4 or more hepatic
metastases after removal of the primary tumor significantly
improves disease-free survival compared with resection of
more than 4 hepatic lesions (42 vs. 28 mo and 46 vs. 20 mo,
respectively).2 However, resection is feasible in fewer than 10%
of the patients with neuroendocrine tumor liver metastases.1

Palliative debulking of metastatic neuroendocrine tumors
(mNETs) also prolong survival and in most cases provide
6 to 24 months of relief from symptoms; although complication
(33%) and mortality (9%) rates are high.3,4 Current surgical
data have clear limitations, with nearly all results coming from
single-institution retrospective studies that lacked control
groups.1 Although surgical resection remains the treatment of
choice, radiofrequency ablation of tumors 3 cm or less is an
option, particularly for palliation of symptoms.1,5

The development of somatostatin analogs in the 1980s
enabled a substantial improvement in the control of hormonal
syndromes that was hitherto a frequent cause of morbidity and
mortality, with the median survival of metastatic carcinoid
tumors increasing from 17 months between 1973 and 1987 to
37 months between 1988 and 1999.1 Unfortunately, somatos-
tatin analogs have little effect as anticancer agents, eliciting a
low response rate alone or in combination with a-interferons
(4% and 7%, respectively) and their efficacy in symptom
control may wane owing to the development of tachyphylaxis
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based radionuclides have to date reported an overall response
rate (complete or partial response) of 13% to 30%, an overall
clinical benefit of 61% to 84%, with a median progression-free
survival of 9 to 40 months and median overall survival of 13 to
46 months.8–12

Current systemic chemotherapy for bulky low-grade
mNET has mediocre efficacy, an unfavorable toxicity profile,
or both.1 Response rates for streptozocin/5-fluorouracil (5 FU)
or doxorubicin/5 FU in carcinoid tumors were 16% with
progression-free survival of 4.5 and 5.3 months, respectively,
whereas studies of streptozocin plus doxorubicin in the more-
aggressive islet cell carcinoma revealed response rates of only
6%.13–15 In contrast, poorly differentiated tumors seem to
respond better to chemotherapy than do other NETs, although
they are also more aggressive. Mitry and colleagues16 reported
an overall response rate of 41.5%, 9.2 months median duration
of response, and 15 months median survival in a cohort of 41
patients with poorly differentiated NETs.

Systemic radionuclide therapies offer the prospect of
targeting radiotherapy at disseminated and/or localized disease
in patients whose tumors show selective uptake of the relevant
drug. To date, studies with iodine-131 metaiodobenzylguani-
dine (131I-MIBG) have shown that clinical responses are
usually limited to hormonal and symptomatic responses
with only a modest impact on radiologic progression.17
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chromogranin A (CgA) in 41% of patients (at 3 mo) and 46%
of patients (at 30 mo). A greater CgA response was observed
in responders. There was no difference in either 90Y dose
delivered or the estimated uptake of the dose into the tumors
between responders and nonresponders. Twenty-four patients
(74%) reported baseline carcinoid-related symptoms. Sympto-
matic improvement was reported in 55% (3 mo) and 50%
(6 mo) of the patients. No de novo symptoms were reported.
Median survival had not been reached (range, 1-48 + mo) after
a mean follow-up of 35 months. Fourteen patients (41%) had
died after 15 ± 2 months (mean±standard error) and 20 (59%)
remained alive at 37 ± 2 months. Complications included mild-
to-severe abdominal pain, nausea, and fever, and lethargy from
1 week to 1 month posttreatment. Three patients developed
radiation-related gastritis or actual gastric ulcers and there was
1 early death from liver dysfunction. With a near absence of
reported complete responses with TAE or TACE, the authors
noted that the achievement of a complete response in 6 out of
34 patients in this study was very encouraging. Radio-
embolization is also associated with a long-term response; in
this study, survival among complete responders ranged from

26 to 48 months, and 12 patients remained alive without
recurrence of liver metastases at a mean of 33.3 ± 2.3 months
posttreatment.22

A prospective pilot trial of 10 patients with unresectable
progressive or symptomatic mNET treated with 90Y resin
microspheres demonstrated a disease-control rate of 100%, with
a partial response by RECIST of 30% (3 patients) at 3 months
and 40% (4 patients) at 6 months.24 Symptomatic improve-
ment of moderate-to-severe symptoms was observed in 2 out of
3 patients. Quality of life initially declined after treatment, and
then improved through baseline to reach general-population
levels by 6 months. Seven out of 10 patients were still alive at
35-month follow-up; 3 patients died at 8, 11, and 15 months,
respectively, owing to progressive extrahepatic disease. There
was no evidence of hepatic toxicity or acute carcinoid crisis after
therapy. The authors concluded that use of 90Y resin micro-
spheres resulted in stable disease or partial response over 3 to
12 months with little toxicity or short-term morbidity. They also
noted that 90Y resin microspheres seemed to be tolerated as well
as if not better than TACE and compared favorably with other
locoregional therapies.24

FIGURE 1. Integrating radioembolization into the treatment paradigm for metastatic neuroendocrine tumors with supporting data
from retrospective and prospective studies.11,13,16,18,20
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• Objective response rate 50%
• Disease control rate 86%
• Median overall survival 28.5 months

Radioembolization in NETs: What to Expect

Devcic Z, et al. J Nucl Med. 2014;55(9):1404-1410.

The Efficacy of Hepatic 90Y Resin Radioembolization for
Metastatic Neuroendocrine Tumors: A Meta-Analysis
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90Y resin radioembolization is an emerging treatment in patients
with liver-dominant metastatic neuroendocrine tumors (mNETs),
despite the absence of level I data. The aim of this study was
to evaluate the efficacy of this modality in a meta-analysis of the
published literature. Methods: A comprehensive review protocol
screened all reports in the literature. Strict selection criteria were
applied to ensure consistency among the selected studies: hu-
man subjects, complete response data with time interval, resin
microspheres, more than 5 patients, not a duplicate cohort, En-
glish language, and separate and complete data for resin-based
90Y treatment of mNET if the study included multiple tumor and
microsphere types. Selected studies were critically appraised on
50 study criteria, in accordance with the research reporting
standards for radioembolization. Response data (Response Eval-
uation Criteria in Solid Tumors) were extracted and analyzed us-
ing both fixed and random-effects meta-analyses. Results: One
hundred fifty-six studies were screened; 12 were selected, total-
ing 435 procedures for response assessment. Funnel plots
showed no evidence of publication bias (P 5 0.841). Critical ap-
praisal revealed a median of 75% of desired criteria included in
selected studies. Very high between-study heterogeneity ruled
out a fixed-effects model. The random-effects weighted average
objective response rate (complete and partial responses, CR and
PR, respectively) was 50% (95% confidence interval, 38%–62%),
and weighted average disease control rate (CR, PR, and stable
disease) was 86% (95% confidence interval, 78%–92%). The per-
centage of patients with pancreatic mNET was marginally asso-
ciated with poorer response (P 5 0.030), accounting for approx-
imately 23% of the heterogeneity among studies. The percentage
of CR and PR correlated with median survival (R 5 0.85; P 5
0.008). Conclusion: This meta-analysis confirms radioemboliza-
tion to be an effective treatment option for patients with hepatic
mNET. The pooled data demonstrated a high response rate and
improved survival for patients responding to therapy.

Key Words: neuroendocrine tumor; radioembolization; resin
microspheres; 90Y radioembolization; liver metastases
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Neuroendocrine tumors (NETs) are generally indolent tu-
mors with a variable natural history of disease, arising from
neuroendocrine cells throughout the body (1,2). They can be
roughly divided into carcinoid and pancreatic cell tumors, and
their incidence has inexplicably increased from 1.09 to 5.25 in
100,000 from 1973 to 2004 (3). The liver is the most frequent
site of metastasis and the prognosis for metastatic disease is
poor, with a median overall survival (OS) of 5–57 mo, often
preceded by substantial morbidity such as the carcinoid syn-
drome (1–3).
There are various treatment options for patients with hepatic

metastatic NETs (mNETs), aimed at improving quality of life,
reducing symptoms, and increasing survival. The only potentially
curative treatment option is surgery, which has a 10-y median OS
of 42% but a median progression-free survival of only 21 mo,
indicating that few patients are cured (4). Most patients are poor
surgical candidates, presenting with diffuse or poorly differenti-
ated disease (5). Inoperable patients may be evaluated for sys-
temic therapies. Those with well-differentiated receptor-positive
mNETs may be treated symptomatically with somatostatin ana-
logs (octreotide), which have been shown to improve survival over
placebo, whereas low- to intermediate-grade tumors may be treated
with other systemic therapies such as streptozocin, doxorubicin, and
dacarbazine, in addition to relatively newer agents including suni-
tinib and everolimus, both of which have been shown to improve
survival over placebo (6–8). Those that are poorly differentiated or
with a high Ki-67 proliferation index are typically treated with
cytotoxic systemic therapies, which are usually platinum-based
and may show a marked initial response, but it is usually not
durable (9).
Liver-directed therapies have been widely adopted for liver-

dominant disease, but external-beam radiotherapy and percutane-
ous ablative therapies are rarely appropriate for multifocal disease.
However, similar to primary hepatocellular carcinoma, mNETs
typically derive nearly all of their blood supply from the hepatic
artery, whereas normal liver parenchyma mainly uses the portal
vein. Cytotoxic, radioactive, or ischemia-producing agents admin-
istered intraarterially thereby target tumors preferentially, limiting
systemic and hepatic toxicity.

90Y resin radioembolization has been shown to be an effective
treatment for hepatic mNETs that is well tolerated, with low risk of
grade 3 or higher early or late toxicity, and a superior quality of life
profile (10–12). It involves injecting arteriole 30-mm-sized embolic
resin (SIR-Spheres; Sirtex Medical Ltd.) or glass (TheraSphere; BTG
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a single session (whole liver, n5 8 patients; unilobar, n5 5 patients)
or in a sequential lobar fashion (n5 10 patients). The prescription of
activity was derived from the partition model (standard target dose,
120 Gy) and the body surface area method for treatment with glass
and resin spheres, respectively. The administration of resin spheres
was performed under intermittent or continuous fluoroscopic control;
marked reduction of forward-flow or eminent stasis led to the termi-
nation of treatment, irrespective of the amount of activity given at
that time point. Posttreatment 90Y bremsstrahlung imaging was per-
formed to document target accumulation. Standard periinterventional
medication included dexamethasone (4 mg twice daily for 2 d),
ondansetron (8 mg intravenously during treatment), and pantoprazole
(40 mg daily for 2 mo). Somatostatin analog medication in patients
with poorly controlled tumor function was not discontinued but fre-
quently intensified in the peri- and postprocedural period to avoid
a potential tumor lysis–induced hormonal crisis.

Assessment of Toxicity
Pre- and posttreatment laboratory tests included liver and renal

function tests and complete blood counts. In addition to the out-
patient laboratory tests from the referring physician every 2–3 wk
for the first 2 mo and every 4 wk until 6 mo after treatment,
a complete work-up was performed at regular follow-up visits in
our department at 1, 3, and 6 mo after treatment. Clinical toxicities
including pain, fever, fatigue, and gastrointestinal adverse events
were assessed by thorough in-patient postinterventional and fol-
low-up documentation including all recorded complaints and find-
ings at the regular follow-up visits. The toxicity was classified
according to the National Cancer Institute Common Terminology
Criteria for Adverse Events (CTCAE; version 3.03).

Assessment of Response to Treatment
Patients were restaged at 3 mo after treatment with CT or MRI.

The radiographic imaging results were reevaluated by experienced
radiologists to classify tumor response according to the Response
Evaluation Criteria in Solid Tumors. Apart from this response cate-
gorization, restaging was supplemented by somatostatin-receptor
imaging in 19 patients using 111In-diethylenetriaminepentaacetic
acid-octreotide (OctreoScan; Tyco Healthcare) or 68Ga-DOTATOC
PET/CT. Biochemical response was evaluated according to chro-
mogranin A (CgA) plasma levels if they were significantly elevated
at baseline (i.e., .150 ng/mL) (complete response being normali-
zation of the CgA level [i.e., ,110 ng/mL], partial response being
more than 50% reduction but still elevated CgA level, stable disease
being ,50% change in CgA, and progressive disease being .50%
increase in CgA). For the assessment of symptomatic response,
frequency or intensity of symptoms related to tumor-specific hor-
mone production, such as diarrhea and flushing in carcinoid syn-
drome, were documented at our institution at baseline and each
follow-up visit at 1, 3, and 6 mo after treatment.

Survival Assessment and Statistical Analysis
Survival analyses were performed with the Kaplan–Meier

method; overall survival (OS) was assessed from the start of radio-
embolization (first treatment session) and also for additional in-
formation from the start of PRRT (first treatment cycle). Any death
was considered as an event for OS, irrespective of the cause. Sur-
vival outcomes were stratified by various variables and compared
using the log-rank test. A P value of less than 0.05 was considered
significant. SPSS software (version 18.0; SPSS) was used for all
statistical calculations.

RESULTS

The median follow-up period after the first radioembo-
lization session was 38 mo (95% confidence interval [CI],
18–58 mo). Thirteen of the 23 patients were still alive at the
time of analysis. The mean treatment activity per patient was
3.4 6 2.1 GBq, applied over 1.7 6 1.1 treatment sessions.

The common acute adverse events within the first 3 d of
treatment—abdominal pain, fever, nausea, and vomiting—
were transient, and each occurred in less than 15% of the
patients (grade 3), as listed in Table 2. No serious delayed
toxicities according to CTCAE were noted. One of the 23
patients (4.3%) developed a gastroduodenal ulcer (CTCAE
grade 2), although no apparent culprit vessel or corresponding
MAA accumulation was identified on pretreatment imaging,
even on retrospective review. No case of treatment-induced
death or radiation-induced liver disease was observed. No
hormone-related crises in functional tumors were recorded.
The lung-shunt fraction was calculated to be less than 10%
in all patients, and no pulmonary toxicity was observed.

Radiologic imaging at restaging yielded a partial response
in 7 patients (30.4%), stable disease in 14 (60.9%), and
progressive disease in 2 (8.7%). Receptor-mediated functional
imaging, when performed, indicated a significant remission in
11 of 19 patients (57.9%), stable disease in 6 (31.6%), and
progressive disease in 2 (10.5%). Figure 1 shows imaging
results for a patient with hepatic metastases of a pancreatic
NET. Biochemical response according to CgA plasma levels,
when available and elevated at baseline, comprised complete
response (normalization of CgA) in 1 of 13 patients (7.7%),

TABLE 2
Toxicities After Radioembolization According to CTCAE

(Version 3.0) in Percentage per Patient

Incidence (%) of adverse events

Characteristic None Grades 1–2 Grades 3–4*

Liver function tests
Bilirubin 82.6 8.7 8.7
GPT 69.6 30.4 —
Alkaline phosphatase 34.8 65.2 —
Albumin 41.2 58.8 —
INR 91.3 8.7 —

Acute adverse events
Nausea 65.2 26.9 8.7
Vomiting 87.0 8.7 4.3
Abdominal pain 56.5 30.4 13.0
Fever 87.0 13.0 —

Other adverse events
Ascites 65.2 34.8 —
Ulcer, gastrointestinal 95.7 4.3 —
Fatigue 69.6 21.7 8.7

*All grade 3 toxicities (no grade 4 adverse event observed in
entire study).

GPT5 glutamic pyruvic transaminase (alanine aminotransferase);
INR 5 international normalized ratio of prothrombin time.
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90Y Radioembolization After Radiation Exposure from
Peptide Receptor Radionuclide Therapy
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Previous radiation therapy of the liver is a contraindication for
performing 90Y microsphere radioembolization, and its safety
after internal radiation exposure through peptide receptor ra-
dionuclide therapy (PRRT) has not yet been investigated.
Methods: We retrospectively assessed a consecutive cohort
of 23 neuroendocrine tumor (NET) patients with liver-dominant
metastatic disease undergoing radioembolization with 90Y
microspheres as a salvage therapy after failed PRRT. Toxicity
was recorded throughout follow-up and reported according
to Common Terminology Criteria for Adverse Events (version 3).
Radiologic (response evaluation criteria in solid tumors), bio-
chemical, and symptomatic responses were investigated at
3 mo after treatment, and survival analyses were performed
with the Kaplan–Meier method (log-rank test, P , 0.05).
Results: The median follow-up period after radioembolization
was 38 mo (95% confidence interval, 18– 58 mo). The mean
previous cumulative activity of 177Lu-DOTA-octreotate was
31.8 GBq. The mean cumulative treatment activity of 90Y mi-
crospheres was 3.46 2.1 GBq, administered to the whole liver
in a single session (n 5 8 patients), in a sequential lobar fash-
ion (n 5 10 patients), or to only 1 liver lobe (n 5 5 patients).
Only transient, mostly minor liver toxicity (no grade 4) was
recorded. One patient (4.3%) developed a gastroduodenal ul-
cer (grade 2). The overall response rates for radiologic, bio-
chemical, and symptomatic responses were 30.4%, 53.8%,
and 80%, respectively. The median overall survival was 29 mo
(95% confidence interval, 4– 54 mo) from the first radioembo-
lization session and 54 mo (95% confidence interval, 47–61 mo)
from the first PRRT cycle. A tumor proliferation index Ki-67
greater than 5% predicted shorter survival (P 5 0.007).
Conclusion: Radioembolization is a safe and effective sal-
vage treatment option in advanced NET patients with liver-
dominant tumor burden who failed or reprogressed after
PRRT. The lack of relevant liver toxicity despite high applied
90Y activities and considerable previous cumulative activities
of 177Lu-octreotate is noteworthy and disputes internal radia-
tion exposure by PRRT as a toxicity risk factor in subsequent
radioembolization.

Key Words: neuroendocrine tumors; radioembolization; peptide
receptor radionuclide therapy; 177Lu-DOTA-octreotate; 90Y
microspheres
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Peptide receptor radionuclide therapy (PRRT) is an ef-
fective systemic treatment modality for metastatic gastroen-
teropancreatic neuroendocrine tumors (NETs) and is frequently
performed as a first- or second-line therapy in progressive
or functionally uncontrolled disease (1,2). The compound
[177Lu-DOTA0,Tyr3]-octreotate (177Lu-octreotate) is often
used for this purpose, with outstanding response and survival
data available (1,3). Eventually, patients will progress again
after a certain period of remission or disease stabilization,
and a liver-dominant metastatic pattern—qualifying the pa-
tient for liver-directed therapy—may frequently persist over
the course of disease.

Radioembolization with 90Y microspheres (90Y-RE) is a
safe and effective treatment form for unresectable liver ma-
lignancy (4,5). Liver toxicity is encountered with an overall
low incidence (6– 9). Known risk factors are previous intra-
arterial therapy, chemotherapy, and high applied activities
per target volume (7,9,10). Intraarterial delivery of b-emitting
90Y-loaded microspheres yields tumor-targeted internal radi-
ation depending on the preferential arterial tumor vasculari-
zation. NETs are perfectly suited for transarterial treatment,
and in particular for radioembolization, because of their typ-
ically prominent hypervascularity (11– 13). The efficacy and
safety of 90Y-RE have been demonstrated in this tumor entity
(14– 21), including patients after bland arterial embolization
(22). However, no data are available on the safety of 90Y-RE
after internal radiation with targeted radionuclide treatment.

Previous external-beam therapy accounting for hepatic
radiation exposure constitutes a known relative contraindi-
cation for radioembolization (23,24). Whether there is an
analogy to internally induced radiation exposure implying
a clinical caveat to subsequent radioembolization is of ma-
jor interest for the management of NET patients. Although
previous PRRT does not yet constitute a formal contraindica-
tion for performing radioembolization, the question of whether

Received Apr. 20, 2012; revision accepted Jun. 25, 2012.
For correspondence or reprints contact: Samer Ezziddin, Department

of Nuclear Medicine, University Hospital Bonn, Sigmund-Freud-Strasse 25,
D-53105 Bonn, Germany.
E-mail: samer.ezziddin@ukb.uni-bonn.de
Published online Sep. 17, 2012.
COPYRIGHT ª 2012 by the Society of Nuclear Medicine and Molecular

Imaging, Inc.

90Y RADIOEMBOLIZATION SAFETY AFTER PRRT • Ezziddin et al. 1663

by on November 3, 2015. For personal use only. jnm.snmjournals.org Downloaded from 

90Y Radioembolization After Radiation Exposure from
Peptide Receptor Radionuclide Therapy

Samer Ezziddin1, Carsten Meyer2, Stanislawa Kahancova1, Torjan Haslerud1, Winfried Willinek2, Kai Wilhelm2,
Hans-Jürgen Biersack1, and Hojjat Ahmadzadehfar1

1Nuclear Medicine, University Hospital, Bonn, Germany; and 2Radiology, University Hospital, Bonn, Germany

Previous radiation therapy of the liver is a contraindication for
performing 90Y microsphere radioembolization, and its safety
after internal radiation exposure through peptide receptor ra-
dionuclide therapy (PRRT) has not yet been investigated.
Methods: We retrospectively assessed a consecutive cohort
of 23 neuroendocrine tumor (NET) patients with liver-dominant
metastatic disease undergoing radioembolization with 90Y
microspheres as a salvage therapy after failed PRRT. Toxicity
was recorded throughout follow-up and reported according
to Common Terminology Criteria for Adverse Events (version 3).
Radiologic (response evaluation criteria in solid tumors), bio-
chemical, and symptomatic responses were investigated at
3 mo after treatment, and survival analyses were performed
with the Kaplan–Meier method (log-rank test, P , 0.05).
Results: The median follow-up period after radioembolization
was 38 mo (95% confidence interval, 18– 58 mo). The mean
previous cumulative activity of 177Lu-DOTA-octreotate was
31.8 GBq. The mean cumulative treatment activity of 90Y mi-
crospheres was 3.46 2.1 GBq, administered to the whole liver
in a single session (n 5 8 patients), in a sequential lobar fash-
ion (n 5 10 patients), or to only 1 liver lobe (n 5 5 patients).
Only transient, mostly minor liver toxicity (no grade 4) was
recorded. One patient (4.3%) developed a gastroduodenal ul-
cer (grade 2). The overall response rates for radiologic, bio-
chemical, and symptomatic responses were 30.4%, 53.8%,
and 80%, respectively. The median overall survival was 29 mo
(95% confidence interval, 4– 54 mo) from the first radioembo-
lization session and 54 mo (95% confidence interval, 47–61 mo)
from the first PRRT cycle. A tumor proliferation index Ki-67
greater than 5% predicted shorter survival (P 5 0.007).
Conclusion: Radioembolization is a safe and effective sal-
vage treatment option in advanced NET patients with liver-
dominant tumor burden who failed or reprogressed after
PRRT. The lack of relevant liver toxicity despite high applied
90Y activities and considerable previous cumulative activities
of 177Lu-octreotate is noteworthy and disputes internal radia-
tion exposure by PRRT as a toxicity risk factor in subsequent
radioembolization.

Key Words: neuroendocrine tumors; radioembolization; peptide
receptor radionuclide therapy; 177Lu-DOTA-octreotate; 90Y
microspheres

J Nucl Med 2012; 53:1663–1669
DOI: 10.2967/jnumed.112.107482

Peptide receptor radionuclide therapy (PRRT) is an ef-
fective systemic treatment modality for metastatic gastroen-
teropancreatic neuroendocrine tumors (NETs) and is frequently
performed as a first- or second-line therapy in progressive
or functionally uncontrolled disease (1,2). The compound
[177Lu-DOTA0,Tyr3]-octreotate (177Lu-octreotate) is often
used for this purpose, with outstanding response and survival
data available (1,3). Eventually, patients will progress again
after a certain period of remission or disease stabilization,
and a liver-dominant metastatic pattern—qualifying the pa-
tient for liver-directed therapy—may frequently persist over
the course of disease.

Radioembolization with 90Y microspheres (90Y-RE) is a
safe and effective treatment form for unresectable liver ma-
lignancy (4,5). Liver toxicity is encountered with an overall
low incidence (6– 9). Known risk factors are previous intra-
arterial therapy, chemotherapy, and high applied activities
per target volume (7,9,10). Intraarterial delivery of b-emitting
90Y-loaded microspheres yields tumor-targeted internal radi-
ation depending on the preferential arterial tumor vasculari-
zation. NETs are perfectly suited for transarterial treatment,
and in particular for radioembolization, because of their typ-
ically prominent hypervascularity (11– 13). The efficacy and
safety of 90Y-RE have been demonstrated in this tumor entity
(14– 21), including patients after bland arterial embolization
(22). However, no data are available on the safety of 90Y-RE
after internal radiation with targeted radionuclide treatment.

Previous external-beam therapy accounting for hepatic
radiation exposure constitutes a known relative contraindi-
cation for radioembolization (23,24). Whether there is an
analogy to internally induced radiation exposure implying
a clinical caveat to subsequent radioembolization is of ma-
jor interest for the management of NET patients. Although
previous PRRT does not yet constitute a formal contraindica-
tion for performing radioembolization, the question of whether

Received Apr. 20, 2012; revision accepted Jun. 25, 2012.
For correspondence or reprints contact: Samer Ezziddin, Department

of Nuclear Medicine, University Hospital Bonn, Sigmund-Freud-Strasse 25,
D-53105 Bonn, Germany.
E-mail: samer.ezziddin@ukb.uni-bonn.de
Published online Sep. 17, 2012.
COPYRIGHT ª 2012 by the Society of Nuclear Medicine and Molecular

Imaging, Inc.

90Y RADIOEMBOLIZATION SAFETY AFTER PRRT • Ezziddin et al. 1663

by on November 3, 2015. For personal use only. jnm.snmjournals.org Downloaded from 
90Y Radioembolization After Radiation Exposure from
Peptide Receptor Radionuclide Therapy

Samer Ezziddin1, Carsten Meyer2, Stanislawa Kahancova1, Torjan Haslerud1, Winfried Willinek2, Kai Wilhelm2,
Hans-Jürgen Biersack1, and Hojjat Ahmadzadehfar1

1Nuclear Medicine, University Hospital, Bonn, Germany; and 2Radiology, University Hospital, Bonn, Germany

Previous radiation therapy of the liver is a contraindication for
performing 90Y microsphere radioembolization, and its safety
after internal radiation exposure through peptide receptor ra-
dionuclide therapy (PRRT) has not yet been investigated.
Methods: We retrospectively assessed a consecutive cohort
of 23 neuroendocrine tumor (NET) patients with liver-dominant
metastatic disease undergoing radioembolization with 90Y
microspheres as a salvage therapy after failed PRRT. Toxicity
was recorded throughout follow-up and reported according
to Common Terminology Criteria for Adverse Events (version 3).
Radiologic (response evaluation criteria in solid tumors), bio-
chemical, and symptomatic responses were investigated at
3 mo after treatment, and survival analyses were performed
with the Kaplan–Meier method (log-rank test, P , 0.05).
Results: The median follow-up period after radioembolization
was 38 mo (95% confidence interval, 18– 58 mo). The mean
previous cumulative activity of 177Lu-DOTA-octreotate was
31.8 GBq. The mean cumulative treatment activity of 90Y mi-
crospheres was 3.46 2.1 GBq, administered to the whole liver
in a single session (n 5 8 patients), in a sequential lobar fash-
ion (n 5 10 patients), or to only 1 liver lobe (n 5 5 patients).
Only transient, mostly minor liver toxicity (no grade 4) was
recorded. One patient (4.3%) developed a gastroduodenal ul-
cer (grade 2). The overall response rates for radiologic, bio-
chemical, and symptomatic responses were 30.4%, 53.8%,
and 80%, respectively. The median overall survival was 29 mo
(95% confidence interval, 4– 54 mo) from the first radioembo-
lization session and 54 mo (95% confidence interval, 47–61 mo)
from the first PRRT cycle. A tumor proliferation index Ki-67
greater than 5% predicted shorter survival (P 5 0.007).
Conclusion: Radioembolization is a safe and effective sal-
vage treatment option in advanced NET patients with liver-
dominant tumor burden who failed or reprogressed after
PRRT. The lack of relevant liver toxicity despite high applied
90Y activities and considerable previous cumulative activities
of 177Lu-octreotate is noteworthy and disputes internal radia-
tion exposure by PRRT as a toxicity risk factor in subsequent
radioembolization.

Key Words: neuroendocrine tumors; radioembolization; peptide
receptor radionuclide therapy; 177Lu-DOTA-octreotate; 90Y
microspheres

J Nucl Med 2012; 53:1663–1669
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Peptide receptor radionuclide therapy (PRRT) is an ef-
fective systemic treatment modality for metastatic gastroen-
teropancreatic neuroendocrine tumors (NETs) and is frequently
performed as a first- or second-line therapy in progressive
or functionally uncontrolled disease (1,2). The compound
[177Lu-DOTA0,Tyr3]-octreotate (177Lu-octreotate) is often
used for this purpose, with outstanding response and survival
data available (1,3). Eventually, patients will progress again
after a certain period of remission or disease stabilization,
and a liver-dominant metastatic pattern—qualifying the pa-
tient for liver-directed therapy—may frequently persist over
the course of disease.

Radioembolization with 90Y microspheres (90Y-RE) is a
safe and effective treatment form for unresectable liver ma-
lignancy (4,5). Liver toxicity is encountered with an overall
low incidence (6– 9). Known risk factors are previous intra-
arterial therapy, chemotherapy, and high applied activities
per target volume (7,9,10). Intraarterial delivery of b-emitting
90Y-loaded microspheres yields tumor-targeted internal radi-
ation depending on the preferential arterial tumor vasculari-
zation. NETs are perfectly suited for transarterial treatment,
and in particular for radioembolization, because of their typ-
ically prominent hypervascularity (11– 13). The efficacy and
safety of 90Y-RE have been demonstrated in this tumor entity
(14– 21), including patients after bland arterial embolization
(22). However, no data are available on the safety of 90Y-RE
after internal radiation with targeted radionuclide treatment.

Previous external-beam therapy accounting for hepatic
radiation exposure constitutes a known relative contraindi-
cation for radioembolization (23,24). Whether there is an
analogy to internally induced radiation exposure implying
a clinical caveat to subsequent radioembolization is of ma-
jor interest for the management of NET patients. Although
previous PRRT does not yet constitute a formal contraindica-
tion for performing radioembolization, the question of whether
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90Y-RE is safe and effective in patients for whom PRRT has
failed has not been investigated but remains of high clinical
relevance. We addressed this issue with a retrospective study
assessing outcome and toxicity of 90Y-RE after previous
PRRT.

MATERIALS AND METHODS

The efficacy and toxicity of 90Y-RE in patients after previously
performed PRRT was retrospectively investigated from a single-
center experience. For this purpose, a review and analysis of all
patients being treated with radioembolization after PRRT in our
institution were performed. The study was performed in accor-
dance with the Declaration of Helsinki and with national regula-
tions. Patients had provided informed consent for the scientific
analysis of their data. Approval by the institutional review board
is not required for retrospective studies on nonexperimental inter-
ventions at the authors’ institution. However, explicit approval from
the local ethics committee was obtained for the prospective and
retrospective assessment of outcome of NET patients throughout
follow-up in our institution, including this retrospective investigation.

Patients
We evaluated 23 consecutive patients undergoing radioembo-

lization at our institution after previous administration of PRRT.
All patients had unresectable gastroenteropancreatic NET with
liver-dominant disease. Apart from 1 patient, there was bilobar
tumor spread. The baseline patient and tumor characteristics are
given in Table 1. Inclusion criteria for radioembolization of gastro-
enteropancreatic NET patients were liver-dominant disease with
regard to prognosis or symptoms, an Eastern Cooperative Oncol-
ogy Group performance score of 0–2, an adequate liver function
(bilirubin , 2 mg/dL, albumin . 3 mg/dL, no severely impaired
PT/PTT), progressive or functionally uncontrolled disease despite
standard treatment (surgery, chemotherapy, somatostatin analogs),
absence of excessive lung shunting (,30 Gy calculated lung
dose), and both favorable tumor uptake and missing intraabdomi-
nal shunting on 99mTc-macroaggregated albumin (MAA) imaging
after diagnostic angiography. In our cohort, 19 patients were pro-
gressive by size or number according to Response Evaluation
Criteria in Solid Tumors before implementation of 90Y-RE, and
4 patients were treated because of persistent hormone hypersecre-
tion. Tumor-induced ascites was not seen as a contraindication to
treatment and in fact were present in 3 patients. The portal vein
was patent in all patients, although portal vein occlusion was not
an exclusion criterion for treatment in our institution. Informed
consent was obtained from all patients before evaluation (MAA
angiogram) and each radioembolization session.

PRRT
PRRT was performed with 177Lu-DOTA-octreotate (177Lu-

octreotate) at our institution using a common methodology as de-
scribed in previous reports (25,26). Inclusion criteria for treatment
with PRRT were histologically confirmed, unresectable, metastatic
gastroenteropancreatic NET; sufficient tracer uptake ($ normal
liver) on baseline somatostatin receptor imaging; a glomerular fil-
tration rate of more than 30 mL/min/1.73 m2; a white blood count of
2 · 109/L or more; and platelets more than 70 · 109/L. PRRT was
performed by the administration of a mean activity of 7.9 GBq of
177Lu-octreotate per treatment cycle, aimed at 4 courses at standard
intervals of 3 mo (10–14 wk). The 177Lu (IDB Holland) had a spe-

cific activity in the approximate range of 100–160 GBq/mmol at the
time of administration. Peptide labeling (27,28) was performed to
obtain an apparent specific activity of about 54 GBq/mmol (ratio of
activity to the total amount of peptide). Nephroprotection was im-
plemented with standard amino acid coinfusion according to the
Rotterdam protocol (2.5% lysine and 2.5% arginine in 1 L of 0.9%
NaCl; infusion of 250 mL/h) (29,30). Short-acting somatostatin
analogs were required to be paused 1 d before administration of
177Lu-octreotate and long-acting analogs a minimum of 6 wk before
PRRT. Informed consent was obtained from all patients before the
initiation of therapy and before the administration of each treatment
cycle.

Radioembolization Procedure
The radioembolization was always performed after exclusion of

any intraabdominal and excessive pulmonary (lung-shunt fraction)
deposition by a pretreatment diagnostic angiogram with planar
and SPECT/CT MAA imaging after an intraarterial injection of
200–400 MBq of 99mTc-MAA. Aberrant vessels were coil-embolized
before MAA injection to depict the flow expected in the treat-
ment session. The treatment was performed 1–2 wk after diag-
nostic angiography. Resin microspheres (SIR-Spheres; SIRTEX
Medical) were used in 21 patients and glass microspheres (Thera-
Sphere; MDS Nordion) in 2 patients. The liver was treated either in

TABLE 1
Baseline Characteristics

Baseline variable n Percentage

Age (y) 23 100
,60 9 39
$60 14 61

Performance status
ECOG 0–1 18 79
ECOG 2 5 21

Tumor type
Pancreatic NET 14 61
Nonpancreatic NET 9 39

Previous treatment
Chemotherapy 8 35
Liver resection 4 17
TACE/RFA 3 13

PRRT
.30 GBq of 177Lu-octreotate 13 57
,30 GBq of 177Lu-octreotate 10 43

Hepatic tumor load
,25% liver volume 3 13
25%–50% 9 39
.50% liver volume 11 48

Extrahepatic disease
Present 14 61
Not present 9 39

Hormonal syndrome
Functional disease 5 22
Nonfunctional disease 18 78

Proliferation status
Ki-67 index # 5% 16 70
Ki-67 index . 5% 7 30

Mean age was 58 y, and age range was 34–80 y.
ECOG 5 Eastern Cooperative Oncology Group; TACE 5 trans-

arterial chemoembolization; RFA 5 radiofrequency ablation.
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SUMMARY – TAKE HOME MESSAGES

• PRRT is effective and well tolerated – even in very advanced NET cases

• Median overall survival from start of treatment: > 46-59 (up to >90) months

• PRRT leads to significant improvement of clinical symptoms

• Cure is rarely possible - but excellent palliation can be achieved

• PRRT: part of the clinical algorithms of major scientific & clinical societies 

• Standardized treatments are usually applied - guidelines are available
• Significant kidney damage can be avoided (or reduced)
• PRRT should be performed at specialized centres: NET patients
need highly individualized interdisciplinary treatment and long term care.

Future perspectives: personalized treatment based on 
¾ Genetic characteristic & clinical features
¾ Dosimetry 
¾ Biological information regarding the tumor cell and its microenvironment
¾ New interface between molecular imaging and circulating biomarkers



Which of these techniques achieves the best
outcome (PFS, OS, QoL)?
No studies directly comparing the three forms of embolo-
therapy were discovered, nor were any found in a search of
Clinicaltrials.gov (December 2012). This is surprising because the
controversy over the relative superiority of TAE and TACE is
longstanding, yet no properly conducted prospective comparison
study has been performed. The inherent complexities of liver
embolotherapy may represent a major barrier to investigations into
the outcomes of non-radioactive arterial therapies and to enquiries
into the use of these therapies in comparison with RE. Therefore,
no statement on which arterial therapy offers the best PFS and OS
can be made. Kalinowski et al. completed the only QoL study in
liver embolotherapy of NETs, but their study investigated only RE
and included a small sample.24 However, this report,24 coupled with
other prospective and retrospective studies,17–23 suggests the acute
toxicity profile of RE is lower than those of TAE or TACE.

Do these techniques improve outcomes in
combination with systemic treatment (such as PRRT,
chemotherapy, targeted therapy, biotherapy) in
comparison with percutaneous liver
techniques alone?
No prospective or retrospective series reported the concurrent use
of embolotherapy with PRRT, targeted systemic agents or
biotherapy. However, two RE studies involved i.v. 5-fluorouracil
(5-FU) with yttrium-90.17,19 Their results suggested somewhat
higher response rates and similar toxicity to that of RE alone, but
both were single-arm studies with small treatment groups. No

TAE/TACE studies reported the use of systemic therapy concur-
rently with liver embolotherapy. There are no comparator trials of
percutaneous liver tumour ablation and arterial embolotherapy in
hepatic metastases from NETs and therefore no statement or rec-
ommendation can be provided.

What is the incidence of tumour dissemination during
the use of TAE, TACE or RE, evident on imaging or
biopsy during follow-up?
Tumour dissemination via the direct puncture of tumour with
tract seeding is not a feature of arterial therapies. There are no
reports of such occurrences in the literature. The femoral artery is
the only site of percutaneous entry and thus no direct contact with
the tumour occurs. Conversely, locally ablative techniques and
biopsies have known potential to allow tumour dissemination.

Consensus recommendations
It is clear that higher levels of evidence are needed to refine and
optimize the treatment of NET liver metastases. The panel sug-
gests the following points should be used as a framework for
future research collaborations and for the insertion of RE into an
accepted treatment algorithm (Fig. 2).

1 Studies that compare the outcomes of the respective intra-
arterial approaches should be performed. Given the dis-
parity in post-embolization syndrome symptoms between
embolotherapy and RE, these studies should include prospec-
tive QoL measures.

2 Studies of surgical resection in comparison with intra-arterial
therapy in select patient groups should be undertaken. These

Table 2 Outcomes of studies of radioembolization in patients with liver metastases from neuroendocrine tumours

Study Patients,
n

Device used Toxicity Radiological response
(RECIST 1.0)

Survival times and rates

Rhee et al.22 42 Yttrium-90 (glass) Grade III/IV (14%) 54% Median: 22 months

Yttrium-90 (resin) 50% Median: 28 months

Kennedy et al.18 148 Yttrium-90 (resin) 33% (grade III), fatigue
(6.5%)

63% Median: 70 months

King et al.19 58 Yttrium-90 (resin)
plus 5-FU

Radiation gastritis (2
patients), duodenal ulcer
(1 patient)

39% Median: 36 months
1-, 2- and 3-year survival:

86%, 58% and 47%,
respectively

Saxena et al.23 48 Yttrium-90 (resin) 0.5% (grade III)
1 patient (biliary

obstruction)

54% Median: 35 months
1-, 2- and 3-year survival:

87%, 62% and 42%,
respectively

Cao et al.17 58 Yttrium-90 (resin)
plus 5-FU

Not reported 39.2% Median: 36 months

Paprottka et al.21 42 Yttrium-90 (resin) 0% grade III 22.5% Median: 95% at 16.2
months

Memon et al.20 40 Yttrium-90 (glass) Fatigue (63%, all grades),
nausea/vomiting (40%, all
grades), grade III, IV
(bilirubin, 8%; albumin,
2%; lymphocyte, 38%)

WHO: 64.0%; EASL: 71.4% Median: 34.4 months
1-, 2- and 3-year survival:

72.5%, 62.5%, 45.0%,
respectively

5-FU, 5-fluorouracil; EASL, European Association for the Study of the Liver; WHO, World Health Organization.

32 HPB

HPB 2015, 17, 29–37 © 2014 The Authors.
HPB published by John Wiley & Sons Ltd on behalf of the International Hepato-Pancreato-Biliary Association

436	pacientes																																														media	54%	(22-71.4%)

ORIGINAL ARTICLE

Role of hepatic intra-arterial therapies in metastatic neuroendocrine
tumours (NET): guidelines from the NET-Liver-Metastases
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Abstract
Objectives: Liver metastasis from a neuroendocrine tumour (NET) represents a significant clinical entity.
A multidisciplinary group of experts was convened to develop state-of-the-art recommendations for its
management.
Methods: Peer-reviewed published reports on intra-arterial therapies for NET hepatic metastases were
reviewed and the findings presented to a jury of peers. The therapies reviewed included transarterial
embolization (TAE), transarterial chemoembolization (TACE) and radioembolization (RE). Two systems
were used to evaluate the level of evidence in each publication: (i) the US National Cancer Institute (NCI)
system, and (ii) the GRADE system.
Results: Eighteen publications were reviewed. These comprised 11 reports on TAE or TACE and seven
on RE. Four questions posed to the panel were answered and recommendations offered.
Conclusions: Studies of moderate quality support the use of TAE, TACE and RE in hepatic metastases
of NETs. The quality and strength of the reports available do not allow any modality to be determined as
superior in terms of imaging response, symptomatic response or impact on survival. Radioembolization
may have advantages over TAE and TACE because it causes fewer side-effects and requires fewer
treatments. Based on current European Neuroendocrine Tumor Society (ENETS) Consensus Guidelines,
RE can be substituted for TAE or TACE in patients with either liver-only disease or those with limited
extrahepatic metastases.

Received 14 April 2014; accepted 9 July 2014

Correspondence
Andrew S. Kennedy, Radiation Oncology Research, Sarah Cannon Research Institute, 3322 West End
Avenue, Suite 800, Nashville, TN 37203, USA. Tel: + 1 615 524 4200. Fax: + 1 615 524 4700.
E-mail: andrew.kennedy@sarahcannon.com

Introduction

The development of liver metastases from neuroendocrine
tumours (NETs) originating in the foregut, midgut or hindgut
represents a significant and frequent clinical occurrence, which
negatively impacts prognosis. The management of patients with
liver metastases can include surgical, medical, radiological and
nuclear medicine interventions.1 This broad range of possible
treatments, each of which has therapeutic potential for different
indications, necessitates evidence-based recommendations for
the optimal management of these patients. A multidisciplinary
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Hypertension and cardiotoxicity
• Hypertension frequent AE of sunitinib in 26% and grade 3/4 in 10%
• Can be associated with LVEF dysfunction and cardiac heart failure 

LVEF, left ventricular ejection fraction

Multicenter analysis of sunitinib in 175 patients with RCC

47.4% hypertension (10% grade 3)

19% LVED dysfunction
7% congestive heart failure

No clear dose/cardiotoxicity relationship

Di Lorenzo G, et al. Ann Oncol. 2009;20(9):1535-1542.

Class-Effect Toxicities of Sunitinib



Sunitinib
Event All grades (%) Grade 3/4 (%)

Neutropenia 29 12

Hypertension 26 10

Hand-foot syndrome 23 6

Asthenia 34 5

Fatigue 32 5

Diarrhea 59 5

Abdominal pain 28 5

Stomatitis 22 4

Anorexia 22 2

Nausea 45 1

Hair color changes 29 1

Common toxicities
• Diarrhea 60% 
• Hematologic toxicity

Neutropenia 30% grades 3/4 12%
• Fatigue/asthenia/anorexia 35% 
• Nausea 45% 
• Stomatitis

Class-effect toxicities
• Hypertension - cardiovascular toxicities
• Hand-foot-syndrome
• Hair and skin discoloration
• Hypothyroidism

Summary sunitinib
Key Toxicities of Targeted Treatment for NETs

Raymond E, et al. N Engl J Med. 2011;364(6):501-513.



Common toxicities
• Stomatitis 65% 
• Skin Rash  50% 
• Diarrhea 35% 
• Fatigue/asthenia 30% 
• Hematologic toxicity 15%-20% 

Anemia, thrombocytopenia grades 3/4: 6%
• Nausea 20% 

Class effect toxicities
• Hyperglycemia, hyperlipidemia
• Noninfectious pneumonitis
• Infections

Key Toxicities of Targeted Treatment for NETs
Summary everolimus

Everolimus
Event All grades (%) Grade 3/4 (%)

Stomatitis 64 7

Anemia 17 6

Hyperglycemia 13 5

Thrombocytopenia 13 4

Diarrhea 34 3

Fatigue 31 2

Infections 23 2

Nausea 20 2

Pneumonitis 17 2

Rash 49 1

Asthenia 13 1

Peripheral Edema 20 <1
Raymond E, et al. N Engl J Med. 2011;364(6):501-513.



Somatostatin analogues and PRRT
PRELUDE (retrospective analysis)

Primary end point: 
PFS rate at the end of the last PRRT-LAN cycle 
(central review, RECIST v1.1)

Key secondary end points:

PFS at last available follow-up visit (≤12 months), 
best overall response, ORR, change in 
frequency/severity of diarrhea/flushing, change in 
CgA, incidence of vomiting and nephro-, hemato-
and hepatotoxicities

Clinicaltrials.gov identifier NCT02788578.
Prasad V, et al. Lanreotide Autogel/Depot (LAN) in Combination with Peptide Receptor Radionuclide Therapy (PRRT) in Progressive Digestive and Lung Neuroendocrine 
Tumours (NETs): Design of the PRELUDE Study. 
Presented at ENETS 2017 Symposium; Barcelona, Spain. Abstract N15. 9

• Retrospective, non-comparative study of patients receiving lanreotide + PRRT
(177Lu-DOTATOC or 177Lu-DOTATATE)

• 150 patients will be enrolled from 5 countries (Australia, France, Germany, Italy, UK)
• For this descriptive study, no confirmatory statistical testing will be performed 

Patients with metastatic or locally 
advanced, well-differentiated 
(G1/G2), functioning or non-

functioning, SSTR-positive NET of 
GEP or pulmonary origin;
progressive disease within 

previous 12 months and in the 6 
months before the first LAN-PRRT 

cycle



The COMPETE study 

Controlled, Open-label, Multicentre study of PRRT
with 177Lu-Edotreotide compared to targeted 

molecular Therapy with Everolimus in 
neuroendocrine tumours 

of the pancreas (P-NET) and midgut

Trial started in 2017


