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With the growing use of '7’Lu-DOTATATE peptide receptor
radionuclide therapy (PRRT), there are many unanswered ques-
tions regarding patient selection. In this document, we review the
literature on the use of '7Lu-DOTATATE in neuroendocrine tu-
mors (NETs) of different primary origin, discuss issues of contro-
versy, and review potential contraindications to treatment.

The present consensus statement was developed collaboratively by
the North American Neuroendocrine Tumor Society (NANETS) and
the Society of Nuclear Medicine and Molecular Imaging (SNMMI).
NANETS is a multidisciplinary professional society of neuroendocrine
specialists in North America that was founded in 2005. NANETS’
mission is to improve NET disease management through increased
research and educational opportunities. NANETS is committed to a
multidisciplinary approach and consists of doctors and scientists in-
volved in different specialties of NETs. SNMMI is an international
scientific and professional organization founded in 1954 to promote
the science, technology and practical application of nuclear medicine.
In addition to publishing journals, newsletters, and books, the SNMMI
also sponsors international meetings and workshops designed to in-
crease the competencies of nuclear medicine practitioners and to pro-
mote new advances in the science of nuclear medicine.

MATERIALS AND METHODS

Systematic Review
To inform the development of these guidelines, a systematic review
of evidence was performed. We followed the Preferred Reporting Items
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for Systematic Reviews and Metaanalysis (PRISMA) guidelines (/).
A literature search of PubMed and the CENTRAL database resulted
in 1,195 potentially relevant articles using the following search string:
(“peptide receptor radionuclide therapy” OR “radioisotope therapy”
OR “radionuclide therapy” OR “radiolabeled therapy” OR °°Y OR
90Y OR °°Y OR “(90)Y” OR “Y(90)” OR “(177)Lu” OR “Lu(177)”
OR '77Lu OR 77Lu OR 7Lu OR PRRT) AND (neuroendocrine OR
carcinoid OR paraganglioma OR pheochromocytoma OR neuroblas-
toma OR somatostatin). Papers that were excluded included those in
non-NET patients, duplications, studies including ''!'In, nonoriginal
articles, and those without reported outcomes. After a review of the
abstracts and titles, 153 articles were determined to meet the criteria
for inclusion in this review. Given the focus of this work, reports using
177Lu-DOTATATE were prioritized. Articles were then selected and
grouped according to the primary site of tumor.

Scoring of Appropriateness

In developing these guidelines, the workgroup members used the
following definition of appropriateness to guide their considerations
and group discussions: “The concept of appropriateness, as applied to
health care, balances risk and benefit of a treatment, test, or procedure
in the context of available resources for an individual patient with specific
characteristics.” The workgroup scored each scenario as “appropriate,”
“may be appropriate,” or “rarely appropriate” on a scale from 1 to 9.
Scores 7-9 indicate that the use of the procedure is appropriate for the
specific scenario and is generally considered acceptable. Scores 4-6
indicate that the use of the procedure may be appropriate for the
specific scenario. This implies that more research is needed to classify
the scenario definitively. Scores 1-3 indicate that the use of the pro-
cedure is rarely appropriate for the specific scenario and generally is
not considered acceptable.

Definition of Somatostatin-Receptor Positivity
177Lu-DOTATATE PRRT should only be used to treat somatostatin
receptor (SSTR)—positive tumors. Typically, positivity is defined as
intensity of uptake in sites of disease that exceeds the normal liver,
a threshold that was originally defined for use with !'!'In-pentetreotide
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planar scintigraphy. Nevertheless, the same threshold is often applied to
68Ga-DOTATATE PET imaging despite the fact that the PET scan tends
to overestimate uptake compared with scintigraphy (2). Although the
Food and Drug Administration (FDA) approval of '77Lu-DOTATATE
limits its use to gastroenteropancreatic (GEP)-NETs, there are other
indications where SSTR-PRRT may be beneficial. Consideration of
the site of primary tumor is important in determining if a patient should
be treated with PRRT. Below we discuss the evidence for the use of
177Lu-DOTATATE for the treatment of NET subtypes assuming that the
disease is SSTR-positive on SSTR-PET or scintigraphy. SSTR-negative
disease should not be treated using '7’Lu-DOTATATE.

Evidence for Use Based on Primary Site

Midgut NET. The NETTER-1 study is the only randomized phase
III clinical study offering high level evidence of efficacy with 77Lu-
DOTATATE. This study was performed in midgut NETs and is dis-
cussed in more detail below. Additionally, numerous single-arm studies
and clinical series provide additional data on risk and benefit, some in
patients receiving only '77Lu-DOTATATE (3,4) and others with com-
binations of 77Lu-DOTATATE and °°Y-DOTATOC (Table 1) (5,6).

NETTER-1 Trial. The NETTER-1 trial, a double-blind, randomized,
controlled study of '7’Lu-DOTATATE versus high-dose octreotide, en-
rolled grade 1 or 2 midgut NET patients with metastatic or locally
advanced progressive tumors during treatment with octreotide (7). Of
note, patients had well-differentiated histology with a proliferative in-
dex (Ki-67) of 20% or less and positive uptake on SSTR-scintigraphy.
The NETTER-1 trial demonstrated an improvement of progression-free
survival (PFS) for '"7Lu-DOTATATE compared with the control arm
(8.4 mo for the control arm vs. not reached for !”7Lu-DOTATATE;
hazard ratio of 0.21%-95% confidence interval, 0.13-0.33). Objective
response rate with '7’Lu-DOTATATE was 18%, versus 3% with high-
dose octreotide. Preliminary analysis of overall survival (OS) demon-
strated a hazard ratio of 0.4 (P = 0.004) favoring '"’Lu-DOTATATE;
final OS is pending. Analysis of health-related quality of life demon-
strated that '”7Lu-DOTATATE significantly delayed decline in clinically
relevant endpoints such as global health, physical functioning, role func-
tioning, and in symptoms such as pain, fatigue and diarrhea (8). Overall,
in patients with midgut NET, '"7Lu-DOTATATE should be considered
in SSTR-positive patients at time of progression after treatment with first
line somatostatin analog therapy (Appropriateness Score 9).

Pancreatic NET. Pancreatic NET (pNET) is the second most common
site of origin for metastatic GEP-NETSs, and several retrospective
studies have reported results with '7’Lu-DOTATATE in this popula-
tion. Compared with midgut NETs, pNETs appear to have a slightly
higher overall response rate which ranges from 45%-60%, although OS
and PFS are consistent with or slightly shorter than seen with midgut
(Table 1) (4-6,9,10). Outside of the NETTER-1 trial, there are 2 pro-
spective studies in pNETS: the first is the IEO phase 1-2 trial, which
included 14 pNET patients and reported an overall response rate of
57% (8/14) (11), and the second is a study of 60 pNET patients with
an overall response rate of 30% (18/60) (/2). Based on registry data,
the FDA included pNET within the indication for '77Lu-DOTATATE,
and PRRT should be considered for treatment of progressive pNET
patients (Appropriateness Score 8).

Bronchial NET. Several papers have reported the use of PRRT in
pulmonary NETsS, treated with both *°Y-DOTATOC and '7’Lu-DOTATATE
(Table 1). Overall response rates ranged from 13%-30%, whereas PFS
ranged from 19-28 mo and OS ranged from 32-59 mo. Bronchial NETs
are categorized into 2 groups, typical and atypical carcinoid tumors,
which are considered distinct from the more aggressive large-cell and
small-cell neuroendocrine carcinoma. Not unexpectedly, typical bronchial
carcinoids appear to be more responsive to PRRT, although the majority
of papers do not distinguish response rates between the subsets. One
issue concerning bronchial NETs is the relatively small percentage of

NANETS/SNMMI AUC !77Lu-DOTATATE PRRT ¢

tumors which express sufficient somatostatin receptors to be candidates
for therapy, although in one recent manuscript, 76% of 143 bronchial
NETs were positive on somatostatin receptor scintigraphy (/3). Al-
though the literature is not definitive, there appear to be significantly
higher levels of SSTR expression in typical bronchial carcinoids com-
pared with atypical carcinoids (/4). In patients with SSTR-positive
tumors, '77Lu-DOTATATE therapy can be considered as a potential
therapeutic option after progression on everolimus (Appropriateness
Score 7). Treatment with '7’Lu-DOTATATE before everolimus is con-
sidered less appropriate (Appropriateness Score 6).

Tumors of Unknown Primary. Tumors of unknown primary are
becoming less common since the introduction of SSTR-PET. To date,
there are no studies performed only in patients with tumors of unknown
primaries, although several studies report results for a subset of patients
with unknown primaries (Table 1). Efficacy seems to be comparable to
what is reported with a known gastrointestinal or pancreatic primary.
Therefore, decisions to treat with PRRT in unknown primaries should
mirror those in patients with GEP-NETs and '7’Lu-DOTATATE therapy
should be considered in patients who progress despite treatment with
first-line somatostatin analog therapy (Appropriateness Score 8).

Paraganglioma/Pheochromocytoma. Paraganglioma and pheochro-
mocytoma (para/pheo) constitute a heterogeneous group of tumors with
varying underlying genomic variations and variable SSTR expression.
Succinate dehydrogenase subunit B—associated subtype has been well
evaluated and has a high expression of SSTRs (/5). There are several
small single-center retrospective studies evaluating PRRT in para/pheo
(some in the context of larger series including other NETSs) that demon-
strate overall response rate ranging from 7%—-29% (16,17), with the high-
est reported response rate from a manuscript that described a combination
of chemotherapy and PRRT (Table 1) (/8). Currently there is an ongoing
prospective clinical trial evaluating the efficacy of '7’Lu-DOTATATE in
patients with advanced para/pheo (NCT03206060). It should be noted
that 13'-iobenguane (MIBG) was approved by the FDA for the treatment
of MIBG-positive para/pheo (19). While '"’Lu-DOTATATE may be prom-
ising in this disease, treatment at this time should be limited to patients
whose tumors are MIBG-negative (Appropriateness Score 7). Treatment
of MIBG-positive patients with !7’Lu-DOTATATE in place of therapeutic
1311-jobenguane is considered less appropriate (Appropriateness Score 6).

Special Circumstances

Renal Insufficiency. Clinical experience and trial evidence accumu-
lated over the past 2 decades have demonstrated that PRRT with 77Lu-
DOTATATE is generally well-tolerated. Chronic and permanent toxicity
affecting the kidneys is rare if necessary precautions and attention to
specific risk factors are undertaken. Renal irradiation, and consequently the
risk of toxicity, is significantly decreased when positively charged amino
acids, such as lysine and arginine, are co-infused with the treatment, due to
the competitive inhibition of reabsorption at the proximal tubule. Examin-
ing the outcomes of more than 2,500 patients (20-27), it is apparent that
PRRT with ®Y-peptides is associated with a significant risk for reduction of
renal function. In subjects treated with '”’Lu-DOTATATE, the incidence
of severe, end-stage renal damage is very rare, with only sporadic cases
reported in the literature (23,26), mainly in patients with compromised
renal function at baseline. Indeed, the NETTER-1 study demonstrated
no evidence of clinically significant worsening of renal dysfunction
among 11 patients with baseline mild renal dysfunction (GFR 50-59)
and 13 patients with moderate renal dysfunction (GFR < 50) treated on
the '”7Lu-DOTATATE arm of the study (28).

Severe renal dysfunction has generally been considered a contra-
indication to treatment with '77Lu-DOTATATE. Many institutional series
have required a minimum glomerular-filtration rate (GFR) of 50 cc/h.
Based on available data, we do not consider a GFR < 50 to be a
contraindication to '”’Lu-DOTATATE use. For patients with severe base-
line renal dysfunction defined as GFR < 30, '"’Lu-DOTATATE should

Hope et al. 223



‘payoeal/papodal Jou = YN {(SYuow Uul) [BAIAINS |[B4OA0 = SO {(SYluow ul) [eAIAINS 83J4 uoissalbold = SH4d ‘e1el asuodsal ||e4ono = HHO

"(u) edAigns 13N uyum Ao,

HN HN AV ALZIAN 3LV1VLOQ-NT,. gk 9002 (94) usss3 uen
HN 6¢ LL/S ‘%62 A1VIV1OQ-NT ., 0c 1102 (84) Buoy
HN HN 82/ ‘%L O0LVL10d-Aos ALYLV.LOA-NT,41 8¢ 8002 (21) 101104
(£ epeub annebau Hg|N ‘G apesb ansod HF|IN)
euwojfoowolyoosyd,ewolbuebered
HN HN €/0 %0 3LV1IVLOQ-NT,u € LLOZ (£1) 1opog
HN L 4N ALV1IVLOQ-NT A v102 (86) puessedjeg
€5 62 28/62 %S¢ 3LV1IVLOQ-NT,, 28 102 (v) Jopueqeig
€5 el dN 001V100d-Aos ALYLVLOA-N T, [Ke]8 8102 (9) wneg
(8 epe.b) Jowny Arewnd umouxun
av 12 22/9 ‘%le A1VIV10Q-NT ., 4 1102 (£9) 1oqeS
oy HN 6L/2 ‘%L1 3LV1V.LOQ-NT., 2e 1102 (99) sueybied
2s 02 €2/L ‘%0¢ A1VIV10Q-NT ., €2 1102 (¥) Jepueqe.g
(514 61 28/ ‘%S| 3LV1VLOQ-NT, e 1102 (9) olj@iuue]
ov L 4N 00LVY10A-Aos ILVIVLOA-NT,y, 7 8102 (9) wneg
65 82 YLL/SL ‘“%EL 00LV10A-Aos LVIVLOA-NT,y, rLL 9102 (#S) olldiuLeN
(£ epeib snwijoians Jaye
‘9 apeib SNWI0JaAS 81048Q) PIOUIDIED [elyduOIg
HN HN 6v/2C ‘%SY 31VIV1OQ-NT,,, 8y 8102 (6) uewoy-oxsiED
HN 62 09/81 ‘%0¢€ 3LV1VLOQ-NT,.. 09 L1102 (gG) 1inosueg
€S ve 89/1¥ ‘%09 31VIV1OQ-NT ., 89 7102 (01) uippizzg
L. 0e €e1/2L ‘%SS A1VIV10Q-NT ., eel 2102 (¥) 4epueqe.ig
€5 6¢ dN 00L1V100d-Ags ALYLVLOA-NT,41 A 9102 (S) yosigH
147 0z 4N 001V10Q-Ags LVLV.LOA-N T,y Gle 8102 (9) wneg
Am mbm\\g S]13N Oliealoued
69 22 4N O0LV10d-Aos ALYLV.LOA-NT ., Gle 8102 (9) wneg
09 (0] I81/1S ‘%1€ 3LV1VLOQ-NT 181 1102 (¥) Jepueqe.g
dN IS dN O0LV10d-Aos ALYLV.LOA-NT 41 8cl 9102 (%) yosigH
9 €e 19/8 ‘%El 3LV1VLOQ-NT 19 SL0Z (€) 1oqes
4N HN LOL/8L ‘%8l 31VIV1OQ-NT,,, oLl 1102 (£) Biegsons
(6 opeib) s13N INBPIN
SO Sdd 440 jJuswieas ] «Stuslied Jea

Jown] Arewud jo aus Ag 1HHd yim aousuadxg
I 31avl

THE JOURNAL OF NUCLEAR MEDICINE * Vol. 61 ¢ No. 2 ¢ February 2020

224



be used only in exceptional circumstances. Of note, hydronephrosis
represents a particular concern as it impairs renal excretion and increases
exposure to radiation. As much as possible, hydronephrosis should be
corrected before initiation of '"’Lu-DOTATATE treatment. Patients on
dialysis may be treated with '7’Lu-DOTATATE but, as with other radio-
pharmaceutical therapies, this should be done very carefully, with con-
sideration for dose reduction and dosimetry.

Prior Chemotherapy. It is still unclear whether prior cytotoxic
chemotherapy increases risk of myelodysplatic syndrome (MDS) or
acute leukemia (AL) associated with !77Lu-DOTATATE. In one small
series of 20 patients treated with an alkylating agent (primarily strep-
tozocin) and subsequently treated with '7’Lu-DOTATATE, 4 cases of
MDS/AL were observed (29). Compared with typical patients treated
with PRRT in the same institution (4), these 20 patients had more
cycles of chemotherapy, more cycles of alkylating agents, had experi-
enced more frequent early high-grade hematotoxicity, and tended to more
frequently have bone metastases. Conversely, the largest series of patients
treated with °°Y- or 77Lu-peptides identified an incidence of 2.3% for
MDS and 1.8% for leukemia (of which 75% evolved from MDS), with a
median latency from exposure of 4.4 y (26). In these patients, only 29%
of MDS and 22% of leukemia could be correlated to prior chemotherapy.
Therefore, it remains uncertain whether prior chemotherapy, and temo-
zolomide-based treatment in particular, is associated with increased risk
of MDS/AL after '77Lu-DOTATATE therapy or not.

Mesenteric and Peritoneal Disease. In certain clinical circumstances,
we recommend caution before consideration of !'7’Lu-DOTATATE.
Mesenteric tumors are often characterized by substantial surrounding
desmoplasia. There are theoretic concerns that radiation may exacerbate
the desmoplatic process, thus leading to increase in symptoms. Similar
theoretic concerns pertain to patients with extensive peritoneal carcino-
matosis in whom radiation may lead to bowel obstruction. Certain
centers prescribe short courses of prophylactic steroids (e.g., 1-2 wk)
starting immediately after each dose of 177Lu-DOTATATE.

High-Grade Disease. '7"Lu-DOTATATE has been studied almost
exclusively in patients with low or intermediate-grade neuroendocrine
neoplasms (NENs). Consequently, there is limited evidence to support
the use of !77Lu-DOTATATE in grade 3 disease (30-32). Several studies
demonstrate that very high proliferative indices (i.e., Ki-67 > 35%—-55%)
are associated with inferior outcomes. Zhang, et al. reported the largest
retrospective study to date of 69 patients with SSTR-expressing G3 NENs
with a Ki-67 > 20% who received PRRT (33). The median PFS was 9.6
mo and median OS was 19.9 mo. Notably, patients with Ki-67 > 55%
had the shortest survival (PFS 4 mo, OS 7 mo). Due to the potential
heterogeneity of disease in this patient population, confirmation of SSTR
expression across all metastases is essential. Additional imaging with '3F-
FDG PET may also be of use to fully characterize all sites of disease.

Pediatric Patients. NETs are rare in pediatric patients (34). In addi-
tion to NETs, PRRT may be useful in neuroblastoma and paragan-
glioma/pheochromocytoma, particularly if '3'I-MIBG therapy is not
an option or if patients have progressed after MIBG therapy. However,
there are limited data on PRRT in children. The largest study to date
evaluated ©Y-DOTATOC in 17 patients with various NETs and demon-
strated minimal or partial response in 41% of patients (35). Two smaller
studies which included a total of 10 patients demonstrated efficacy, but also
demonstrated marrow toxicity in those patients previously treated with
MIBG (36,37). In patients with neuroblastoma, it is not clear whether
177Lu-DOTATATE should be used given the extensive experience with
MIBG. Overall, PRRT appears promising in pediatric patients with
NETs and neuroblastoma, although at this time '”’Lu-DOTATATE use
should be limited to tumors that are negative on MIBG imaging.

Timing of Treatment
In nearly all cases described in the literature, patients treated with
177 u-DOTATATE had already progressed on a first-line somatostatin
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analog (SSA). While progression is typically defined radiographically,
select patients may be treated based on symptomatic progression. Due
to the long-term safety and efficacy of SSAs, first-line treatment with
177Lu-DOTATATE is generally not appropriate. Certain exceptions to
this rule include patients with very high tumor burden where any fur-
ther growth would entail significant risk. The decision to treat with
177Lu-DOTATATE, in the second-line or beyond, needs to be considered
in the context of the larger systemic treatment landscape.

For patients with typical, hormone-secreting midgut NETs, systemic
treatment options beyond first-line SSA are limited. In this population,
the RADIANT-2 study compared everolimus combined with octreotide
to placebo plus octreotide and did not demonstrate a significant
improvement in PFS (38). Therefore, !77Lu-DOTATATE should be
considered the second-line systemic treatment of choice for most
patients with functional somatostatin-receptor positive midgut NETS.

In advanced nonfunctioning gastrointestinal and bronchial NETs,
everolimus was shown to significantly improve PFS compared with
placebo (39). Decisions regarding sequencing of '7’Lu-DOTATATE
versus everolimus must be individualized, with SSTR expression lev-
els factored into the decision, although in bronchial NETs everolimus
should be considered before '77Lu-DOTATATE.

For patients with pancreatic NETs, multiple systemic treatment
options exist including everolimus, sunitinib, and capecitabine/temo-
zolomide chemotherapy. The latter is likely most appropriate for patients
with relatively aggressive or symptomatic tumors, irrespective of SSTR
expression. Further research is needed to develop evidence-based
recommendations on sequencing of !77Lu-DOTATATE with respect to
these alternative treatment options.

Liver Targeted Therapy. Hepatic arterial embolization is a common
approach to patients with unresectable, liver-dominant midgut NETs.
Metaanalyses suggest a radiographic response rate of approximately
50%, with a higher rate of symptomatic response. There are no completed
clinical trials comparing various embolization modalities, and thus signif-
icant controversy exists regarding the optimal embolic approach: bland
embolization versus chemoembolization or *°Y-radioembolization. How-
ever, despite the lack of prospective evidence, liver embolization remains
an appropriate, guidelines-endorsed alternative to !7’Lu-DOTATATE in
patients with liver-dominant metastases, and offers the potential for rapid
symptom palliation among patients with carcinoid syndrome or other
secretory symptoms (40,41).

There exist some concerns regarding interaction between !7’Lu-
DOTATATE and prior liver-directed therapies. In one small series,
increased hepatotoxicity with PRRT was observed in patients who
had undergone prior liver-directed therapy (42). Of particular concern
is the risk of cumulative hepatic radiation toxicity in patients who
have undergone prior radioembolization, a procedure itself associated
with risk of long-term radiation-induced hepatic injury. Patients with
extensive hepatic disease are potentially at risk of developing radiation
hepatitis, although there is little evidence of chronic hepatic toxicity
with 177Lu-DOTATATE, even among patients with high liver tumor
burden (43).

Surgery. Surgical resection of the primary tumor and subtotal resection
of metastatic disease plays an important role in NET patients. Limited
retrospective data suggest that debulking before PRRT can result in
improved response to PRRT and PES (44).

Overall Considerations. Due to lack of trials comparing the numerous
treatment options, selection and sequencing of treatments are not evidence
based and must be made based on cross-trial comparisons and assessments
of risk versus benefit in individual patients.

FUTURE DIRECTIONS

With the clinical approval of !7’Lu-DOTATATE, there are many
possibilities for future research and optimizing clinical care with
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PRRT. These include optimizing the number of therapy cycles and
administered activity, consideration of repeat therapy, delivering
the therapy intraarterially, the use of different radionuclides, and
using novel peptides to bind SSTRs.

Although the NETTER-1 trial used 4 treatments at a fixed activity,
optimizing the number of treatments or the administered activity of
each administration may allow for decreased toxicity and improved
efficacy. By measuring treatment effect during therapy or measur-
ing lesional/organ dose, it may be possible to adjust the treatment
schedule to increase efficacy. Currently, it is unclear how and even
whether one should use patient specific dosimetry to adjust the
administered activity, and many feel that giving a fixed activity
works well for the majority of patients.

This idea of repeat PRRT has been evaluated in retrospective 10
studies (45—47). If a patient responds well to one complete course
of 177Lu-DOTATATE, then it is reasonable to conclude that they
may respond well to another course of !77Lu-DOTATATE when H
they subsequently progress. These studies showed that repeat PRRT
is safe and effective, although the PFS is not as long compared with 12
the initial PRRT course.
Many patients have liver-dominant disease, and in these patients »
intraarterial '”’Lu-DOTATATE administered via the hepatic artery has
been proposed (48,49). In theory, this provides higher delivery to the
tumor, while reducing the systemic circulation and associated side effects. 14
Both ?°Y and '77Lu have been used for PRRT, and each may
provide different benefits given their different physical properties s
(50). The electron emitted from ?°Y has a higher energy and would
be beneficial for bulkier tumors. Conversely, the longer pathlength
of 2°Y will also have a greater bystander effect on normal tissues
such as the bone marrow and kidneys resulting in higher toxicity.  1©
The relative benefits of ®°Y vs. 177Lu have not been studied. Similarly,
the use of a-emitters is another area of active research. 17
DOTATATE is an SSTR analog, which becomes internalized
after activating the receptor. SSTR antagonists have been developed
that have a higher binding specificity to the SSTR such that even 18
though they do not activate the receptor nor get internalized into the
cell, they potentially deliver a high dose of radiation (51,52). 19
CONCLUSION %
The decision to initiate '7’Lu-DOTATATE therapy in a patient
with progressive NET is complex and should be made within the
setting of a multidisciplinary discussion. '7’Lu-DOTATATE should 21
be considered when treating GEP-NETs, and tumors of unknown
origin, generally after progression on somatostatin analog. In patients 22,
with bronchial carcinoids, !7’Lu-DOTATATE should be consid-
ered after everolimus, and in patients with para/pheo, therapy should
be limited primarily to patients with MIBG-negative disease. 23
REFERENCES 24.

1. Moher D, Liberati A, Tetzlaft J, Altman DG. PRISMA Group. Preferred report-
ing items for systematic reviews and meta-analyses: the PRISMA statement. 95,
PLoS Med. 2009;6:¢1000097.

2. Hope TA, Calais J, Zhang L, Dieckmann W, Millo C. '''In-pentetreotide scin-
tigraphy versus ®®Ga-DOTATATE PET: impact on Krenning scores and effect of 26.
tumor burden. J Nucl Med. 2019;60:1266-1269.

3. Sabet A, Dautzenberg K, Haslerud T, et al. Specific efficacy of peptide receptor
radionuclide therapy with '77Lu-octreotate in advanced neuroendocrine tumours 7.
of the small intestine. Eur J Nucl Med Mol Imaging. 2015;42:1238-1246.

4. Brabander T, van der Zwan WA, Teunissen JJM, et al. Long-term efficacy, survival,
and safety of ['77Lu-DOTA(0),Tyr(3)]octreotate in patients with gastroenteropancreatic 28,
and bronchial neuroendocrine tumors. Clin Cancer Res. 2017;23:4617-4624.

226  THE JourNaL oF NUCLEAR MEDICINE * Vol. 61 ¢ No.

. Horsch D, Ezziddin S, Haug A, et al. Effectiveness and side-effects of peptide

receptor radionuclide therapy for neuroendocrine neoplasms in Germany: a multi-
institutional registry study with prospective follow-up. Eur J Cancer. 2016;58:41-51.

. Baum RP, Kulkarni HR, Singh A, et al. Results and adverse events of personal-

ized peptide receptor radionuclide therapy with “yttrium and '7’lutetium in 1048
patients with neuroendocrine neoplasms. Oncotarget. 2018;9:16932-16950.

. Strosberg J, El-Haddad G, Wolin E, et al. Phase 3 trial of '"7Lu-Dotatate for

midgut neuroendocrine tumors. N Engl J Med. 2017;376:125-135.

. Strosberg J, Wolin E, Chasen B, et al. Health-related quality of life in patients

with progressive midgut neuroendocrine tumors treated with '”’Lu-Dotatate in
the phase III NETTER-1 trial. J Clin Oncol. 2018;36:2578-2584.

. Garske-Romdn U, Sandstrom M, Fross Baron K, et al. Prospective observational

study of '77Lu-DOTA-octreotate therapy in 200 patients with advanced metas-
tasized neuroendocrine tumours (NETs): feasibility and impact of a dosimetry-
guided study protocol on outcome and toxicity. Eur J Nucl Med Mol Imaging.
2018;45:970-988.

. Ezziddin S, Khalaf F, Vanezi M, et al. Outcome of peptide receptor radionuclide

therapy with '77Lu-octreotate in advanced grade 1/2 pancreatic neuroendocrine
tumours. Eur J Nucl Med Mol Imaging. 2014;41:925-933.

. Bodei L, Cremonesi M, Grana CM, et al. Peptide receptor radionuclide therapy

with '7’Lu-DOTATATE: the IEO phase I-1I study. Eur J Nucl Med Mol Imaging.
2011;38:2125-2135.

. Sansovini M, Severi S, Ambrosetti A, et al. Treatment with the radiolabelled

somatostatin analog Lu-DOTATATE for advanced pancreatic neuroendocrine
tumors. Neuroendocrinology. 2013;97:347-354.

. Robelin P, Hadoux J, Forestier J, et al. Characterization, prognosis, and treatment

of patients with metastatic lung carcinoid tumors. J Thorac Oncol. 2019;14:993—
1002.

. Lococo F, Perotti G, Cardillo G, et al. Multicenter comparison of '8F-FDG and

%8Ga-DOTA-peptide PET/CT for pulmonary carcinoid. Clin Nucl Med. 2015;40:
e183-¢189.

. Janssen I, Blanchet EM, Adams K, et al. Superiority of [*®Ga]-DOTATATE PET/

CT to other functional imaging modalities in the localization of SDHB-associated
metastatic pheochromocytoma and paraganglioma. Clin Cancer Res. 2015;21:3888—
3895.

. van Essen M, Krenning EP, Kooij PP, et al. Effects of therapy with ['77Lu-

DOTADOQ, Tyr3]Joctreotate in patients with paraganglioma, meningioma, small cell
lung carcinoma, and melanoma. J Nucl Med. 2006;47:1599-1606.

. Forrer F, Riedweg I, Maecke HR, Mueller-Brand J. Radiolabeled DOTATOC in

patients with advanced paraganglioma and pheochromocytoma. Q J Nucl Med
Mol Imaging. 2008;52:334-340.

. Kong G, Grozinsky-Glasberg S, Hofman MS, et al. Efficacy of peptide receptor

radionuclide therapy for functional metastatic paraganglioma and pheochromo-
cytoma. J Clin Endocrinol Metab. 2017;102:3278-3287.

. Pryma DA, Chin BB, Noto RB, et al. Efficacy and safety of high-specific-activity

I3IL.MIBG therapy in patients with advanced pheochromocytoma or paragan-
glioma. J Nucl Med. 2019;60:623-630.

Waldherr C, Pless M, Maecke HR, et al. Tumor response and clinical benefit
in neuroendocrine tumors after 7.4 GBq *°Y-DOTATOC. J Nucl Med. 2002;43:
610-616.

Bodei L, Cremonesi M, Zoboli S, et al. Receptor-mediated radionuclide therapy
with “°Y-DOTATOC in association with amino acid infusion: a phase I study. Eur
J Nucl Med Mol Imaging. 2003;30:207-216.

Valkema R, Pauwels S, Kvols LK, et al. Survival and response after peptide
receptor radionuclide therapy with [°°Y-DOTAO,Tyr3]octreotide in patients with
advanced gastroenteropancreatic neuroendocrine tumors. Semin Nucl Med. 2006;36:
147-156.

. Kwekkeboom DJ, de Herder WW, Kam BL, et al. Treatment with the radiola-

beled somatostatin analog [177 Lu-DOTA 0,Tyr3]octreotate: toxicity, efficacy,
and survival. J Clin Oncol. 2008;26:2124-2130.

Sabet A, Ezziddin K, Pape U-F, et al. Accurate assessment of long-term neph-
rotoxicity after peptide receptor radionuclide therapy with '7’Lu-octreotate. Eur
J Nucl Med Mol Imaging. 2014;41:505-510.

Sabet A, Ezziddin K, Pape U-F, et al. Long-term hematotoxicity after peptide
receptor radionuclide therapy with '"7Lu-octreotate. J Nucl Med. 2013;54:1857—
1861.

Bodei L, Kidd M, Paganelli G, et al. Long-term tolerability of PRRT in 807
patients with neuroendocrine tumours: the value and limitations of clinical fac-
tors. Eur J Nucl Med Mol Imaging. 2015;42:5-19.

Imhof A, Brunner P, Marincek N, et al. Response, survival, and long-term tox-
icity after therapy with the radiolabeled somatostatin analogue [*°Y-DOTA]-TOC
in metastasized neuroendocrine cancers. J Clin Oncol. 2011;29:2416-2423.
Strosberg JR, Wolin EM, Chasen BA, Kulke MH, Bushnell DL, Caplin ME.
Clinical outcomes in patients with baseline renal dysfunction in the NETTER-1

2 « February 2020



29.

30.

31.

32.

35.

36.

37.

38.

39.

40.

41.

—_

42.

43.

study: 7’Lu-Dotatate vs. high dose octreotide in progressive midgut neuroendo-
crine tumors. J Clin Oncol. 2018;36:—4102.

Brieau B, Hentic O, Lebtahi R, et al. High risk of myelodysplastic syndrome and
acute myeloid leukemia after '7’Lu-octreotate PRRT in NET patients heavily
pretreated with alkylating chemotherapy. Endocr Relat Cancer. 2016;23:L17-1.23.
Ezziddin S, Opitz M, Attassi M, et al. Impact of the Ki-67 proliferation index on
response to peptide receptor radionuclide therapy. Eur J Nucl Med Mol Imaging.
2nd ed. 2011;38:459-466.

Thang SP, Lung MS, Kong G, et al. Peptide receptor radionuclide therapy
(PRRT) in European Neuroendocrine Tumour Society (ENETS) grade 3 (G3)
neuroendocrine neoplasia (NEN): a single-institution retrospective analysis. Eur
J Nucl Med Mol Imaging. 2018;45:262-277.

Nicolini S, Severi S, Ianniello A, et al. Investigation of receptor radionuclide
therapy with '77Lu-DOTATATE in patients with GEP-NEN and a high Ki-67
proliferation index. Eur J Nucl Med Mol Imaging. 2018:45:923-930.

. Zhang J, Kulkarni HR, Singh A, Niepsch K, Miiller D, Baum RP. Peptide re-

ceptor radionuclide therapy in grade 3 neuroendocrine neoplasms: safety and
survival analysis in 69 patients. J Nucl Med. 2019;60:377-385.

. Navalkele P, O’Dorisio MS, O’Dorisio TM, Zamba GKD, Lynch CF. Incidence,

survival, and prevalence of neuroendocrine tumors versus neuroblastoma in children
and young adults: nine standard SEER registries, 1975-2006. Pediatr Blood Cancer:
2011;56:50-57.

Menda Y, O’Dorisio MS, Kao S, et al. Phase I trial of “°Y-DOTATOC therapy in
children and young adults with refractory solid tumors that express somatostatin
receptors. J Nucl Med. 2010;51:1524-1531.

Gains JE, Bomanji JB, Fersht NL, et al. '77Lu-DOTATATE molecular radiother-
apy for childhood neuroblastoma. J Nucl Med. 2011;52:1041-1047.

Kong G, Hofman MS, Murray WK, et al. Initial experience with gallium-68
DOTA-Octreotate PET/CT and peptide receptor radionuclide therapy for pediat-
ric patients with refractory metastatic neuroblastoma. J Pediatr Hematol Oncol.
2016;38:87-96.

Pavel ME, Baudin E, Oberg KE, et al. Efficacy of everolimus plus octreotide
LAR in patients with advanced neuroendocrine tumor and carcinoid syndrome: final
overall survival from the randomized, placebo-controlled phase 3 RADIANT-2
study. Ann Oncol. 2017;28:1569-1575.

Yao JC, Fazio N, Singh S, et al. Everolimus for the treatment of advanced, non-
functional neuroendocrine tumours of the lung or gastrointestinal tract (RADIANT-4):
a randomised, placebo-controlled, phase 3 study. Lancet. 2016;387:968-977.

Shah MH, Goldner WS, Halfdanarson TR, Bergsland E, et al. Neuroendocrine
and adrenal tumors. J Natl Compr Canc Netw. 2018;16:693-702.

Strosberg JR, Halfdanarson TR, Bellizzi AM, et al. The North American Neu-
roendocrine Tumor Society consensus guidelines for surveillance and medical
management of midgut neuroendocrine tumors. Pancreas. 2017;46:707-714.
Riff BP, Yang Y-X, Soulen MC, et al. Peptide receptor radionuclide therapy-
induced hepatotoxicity in patients with metastatic neuroendocrine tumors. Clin
Nucl Med. 2015;40:845-850.

Strosberg J, Wolin E, Yao J, et al. Impact of baseline liver tumor burden on
treatment outcomes with !'"’Lu-Dotatate in the NETTER-1 study. Eur J Nucl
Med Mol Imaging. 2018;45:S60.

NANETS/SNMMI AUC !77Lu-DOTATATE PRRT ¢

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Bertani E, Fazio N, Radice D, et al. Resection of the primary tumor followed by
peptide receptor radionuclide therapy as upfront strategy for the treatment of
G1-G2 pancreatic neuroendocrine tumors with unresectable liver metastases.
Ann Surg Oncol. 2016;23(suppl 5):981-989.

Sabet A, Haslerud T, Pape U-F, et al. Outcome and toxicity of salvage therapy
with 77Lu-octreotate in patients with metastatic gastroenteropancreatic neuro-
endocrine tumours. Eur J Nucl Med Mol Imaging. 2014;41:205-210.

Vaughan E, Machta J, Walker M, Toumpanakis C, Caplin M, Navalkissoor S.
Retreatment with peptide receptor radionuclide therapy in patients with progress-
ing neuroendocrine tumours: efficacy and prognostic factors for response. Br J
Radiol. 2018;91:20180041.

van der Zwan WA, Brabander T, Kam BLR, et al. Salvage peptide receptor
radionuclide therapy with ['77Lu-DOTA,Tyr3]octreotate in patients with bron-
chial and gastroenteropancreatic neuroendocrine tumours. Eur J Nucl Med Mol
Imaging. 2019;46:704-717.

Kratochwil C, Giesel FL, Lopez-Benitez R, et al. Intraindividual comparison of
selective arterial versus venous ®*Ga-DOTATOC PET/CT in patients with gastro-
enteropancreatic neuroendocrine tumors. Clin Cancer Res. 2010;16:2899-2905.
Kratochwil C, Lépez-Benitez R, Mier W, et al. Hepatic arterial infusion en-
hances DOTATOC radiopeptide therapy in patients with neuroendocrine liver
metastases. Endocr Relat Cancer. 2011;18:595-602.

Gabriel M, Andergassen U, Putzer D, et al. Individualized peptide-related-
radionuclide-therapy concept using different radiolabelled somatostatin analogs
in advanced cancer patients. Q J Nucl Med Mol Imaging. 2010;54:92-99.

Wild D, Fani M, Fischer R, et al. Comparison of somatostatin receptor agonist
and antagonist for peptide receptor radionuclide therapy: a pilot study. J Nucl Med.
2014;55:1248-1252.

Krebs S, Pandit-Taskar N, Reidy D, et al. Biodistribution and radiation dose
estimates for ®®Ga-DOTA-JR11 in patients with metastatic neuroendocrine tumors.
Eur J Nucl Med Mol Imaging. 2018;40:1-9.

Sansovini M, Severi S, lanniello A, et al. Long-term follow-up and role of FDG
PET in advanced pancreatic neuroendocrine patients treated with '7’Lu-D OTATATE.
Eur J Nucl Med Mol Imaging. 2017;44:490-499.

Mariniello A, Bodei L, Tinelli C, et al. Long-term results of PRRT in advanced
bronchopulmonary carcinoid. Eur J Nucl Med Mol Imaging. 2016;43:441-452.
Tanniello A, Sansovini M, Severi S, et al. Peptide receptor radionuclide therapy
with 177Lu-DOTATATE in advanced bronchial carcinoids: prognostic role of
thyroid transcription factor 1 and '8F-FDG PET. Eur J Nucl Med Mol Imaging.
2016;43:1040-1046.

Parghane RV, Talole S, Prabhash K, Basu S. Clinical response profile of metastatic/
advanced pulmonary neuroendocrine tumors to peptide receptor radionuclide ther-
apy with 7’Lu-DOTATATE. Clin Nucl Med. 2017;42:428-435.

Sabet A, Haug AR, Eiden C, et al. Efficacy of peptide receptor radionuclide
therapy with '77Lu-octreotate in metastatic pulmonary neuroendocrine tumors: a
dual-centre analysis. Am J Nucl Med Mol Imaging. 2017;7:74-83.

Delpassand ES, Samarghandi A, Zamanian S, et al. Peptide receptor radionuclide
therapy with '77Lu-DOTATATE for patients with somatostatin receptor-expressing
neuroendocrine tumors: the first US phase 2 experience. Pancreas. 2014;43:518—
525.

Hope et al. 227



