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Editorial
Can the peptide receptor radionuclide therapy
[177Lu]Lu-DOTA-TATE provide a net benefit for
NET patients?
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Neuroendocrine tumours (NETs) are a heterogeneous group of

neoplasms, with origins in the diffuse neuroendocrine system

[1]. The gastro-entero-pancreatic (GEP) system is a key pri-

mary site of these tumours, and GEP-NETs represent the sec-

ondmost prevalent type of digestive cancer [2]. In 2017, Dasari

et al. reported data from the Surveillance, Epidemiology, and

End Results program in the US, showing an increasing annual

age-adjusted incidence rate from 1.09 per 100,000 in 1973 to

6.98 per 100,000 in 2012 [3]. Improvements in methods of

detection and diagnosis are thought to play a role in this trend,

however, there appears to be a genuine increase, although the

reasons remain unclear. Prognosis and symptomology of GEP-

NETs reflect the heterogeneous nature of the neoplasms [4,5].

For example, small intestine GEP-NETs generally have malig-

nant potential but tend to progress indolently. Pancreatic

NETs also have high malignant potential when >2 cm in size

and following metastasis progress more rapidly than intesti-

nal NETs. Gastric NETs such as type I gastric carcinoid are

associated with atrophic gastritis and hypergastrinaemia but

rarelymetastasise and, if they do, aremore indolent than type

3 gastric carcinoids, which are sporadic, not associated with

atrophic gastritis or hypergastrinaemia and have a more

aggressive metastatic course. Oesophageal NENs are rare, but

when diagnosed are usually of high grade and have high
malignancy potential. Rectal NETs <1 cm rarely metastasise,

whereas those >2 cm carry a much greater risk of metastasis.

As well as tumour size, ethnicity plays an important role with

rectal NETs more common in Afro-Caribbean and Asian

ethnic groups [6]. Most GEP-NETs are not associated with a

hormonal syndrome and are thus considered ‘non-func-

tional’, however, 10e20% of intestinal NETs are associated

with carcinoid syndrome, especially diarrhoea and flushing.

Pancreatic GEP-NETs are typically hormonally silent i.e. ‘non-

functional’, but a minority can produce symptomatic hor-

mones, such as insulin, gastrin, glucagon or vasoactive in-

testinal polypeptide, which can lead to debilitating clinical

‘functional’ symptoms, e.g. insulinoma syndrome with

hypoglycaemia causing sweating and loss of consciousness;

gastrinoma Zollinger Ellison syndrome with recurrent peptic

ulceration and diarrhoea; glucagonoma syndrome with rash,

prothrombotic tendency and diabetes mellitus; VIPoma syn-

drome with profuse watery diarrhoea) [7].

Treatment of GEP-NETs is challenging due to their promi-

nent heterogeneity [5]. In recent years, however, a number of

new systemic treatments for tumour and symptom control

have become available that have been shown to delay pro-

gression and reduce symptoms related to hormone secretion

[5]. Wherever possible, surgical resection is preferred as it
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represents the only curative treatment option currently

available in early diagnosed diseases [4,5,8,9]. However, owing

to the often advanced, metastatic nature of GEP-NETs at the

time of diagnosis, systemic therapies have a very important

role to play. Treatment guidelines recommend somatostatin

analogues such as long-acting formulations of octreotide and

lanreotide targeting the somatostatin receptors, which are

commonly overexpressed in NETs. Somatostatin analogues

are the first-line therapy options in functioning tumours for

hormonal syndrome control and anti-tumour control in both

non-functioning and functioning, progressive grade 1e2 NETs

[7,8,10e13]. Subsequent therapy may include the multi-

targeted receptor tyrosine kinase inhibitor sunitinib particu-

larly for pancreatic NETs, and mammalian target of rapamy-

cin inhibitor everolimus for G1 and G2 GEP-NETs, as well as

bronchial NETs [14e16]. Chemotherapy is reserved for high-

grade neuroendocrine cancer (NEC) and progressive or large

volume well-differentiated NETs with particular efficacy in

pancreatic NETs provided by streptozocin or temozolomide

regimens [17]. There is a smaller amount of data to support

consideration of interferon-alpha and the monoclonal anti-

body bevacizumab. In addition, peptide receptor radionuclide

therapy (PRRT), represents a novel therapy indicated for

second-line use in somatostatin positive midgut and pancre-

atic NETs that offers targeted delivery of radionuclides to the

tumour, such as 177Lutetium ([177Lu]Lu-DOTA-TATE, Luta-

thera®) and 90Yttrium equivalents. Treatment guidelines

provide recommendations regarding the use of the treatment

options in the subsequent lines of treatment [18e20].

Lutathera® was associated with significantly improved

progression-free survival (PFS) and immature overall survival

(OS) was prolonged versus octreotide LAR, as well as positive

response rates and significant health-related quality of life

(HRQoL) benefits. Survival benefits were corroborated by large

real-world PRRT studies [21,22]. In the CLARINET study,

involving predominantly stable patients, lanreotide was

shown to significantly improve PFS but not OS and HRQoL

versus placebo and, similarly, everolimus and sunitinib,

improved PFS with no HRQoL deterioration versus placebo

[13,23,24]. Chemotherapy regimens were most efficacious for

high-grade NETs but associated with higher adverse event

rates. However, there is a paucity of head-to-headtrial data in

the published literature making direct conclu-sions about

relative efficacy and safety profiles challenging.

Key data on the efficacy and safety of [177Lu]Lu-DOTA-TATE

in the review came from the NETTER-1, open-label, phase 3,

randomised, controlled trial [177Lu]Lu-DOTA-TATE versus

octreotide LAR 60 mg in 230 patients with progressive, so-

matostatin receptor-positive midgut NETs previously treated

with octreotide. PFS after 20monthswas significantly improved

with [177Lu]Lu-DOTA-TATE therapy (65.2% of patients, 95%

confidence interval [CI] 50.0e76.8) versus octreotide LAR 60 mg

(10.8%, 95% CI 3.5e23.0) [25]. The overall response rate (com-

plete and partial) was 18% in the [177Lu]Lu-DOTA-TATE group

versus 3% in the octreotide group (P < 0.001). In the planned

interim analysis of overall survival, 14 deaths occurred in the

[177Lu]Lu-DOTA-TATE group compared with 26 in the control

group (P¼ 0.004). Sub-group analysis showed that benefitswere

consistently observed irrespective of prognostic and stratifica-

tion factors. These data, in combination with other studies
showing benefits in PFS and fewer treatment-related adverse

events in relation to more conventional systemic therapies, led

to regulatory approvals for [177Lu]Lu-DOTA-TATE fromthe Food

and Drug Administration and the European Medicines Agency

in 2018 [26,27].

Health-related quality of life (HRQoL) was also assessed in

the NETTER-1 trial using the EORTC QLQ-C30 questionnaire

and the time-to-deterioration (TTD) methodology, whereby

investigators generated a KaplaneMeier TTD curve with a log-

rank statistical comparison between the two randomised

study groups to compare HRQoL [28]. The analysis showed a

clinically and statistically significant improvement in TTD of

global heath (hazard ratio [HR 0.41]), physical functioning (HR

0.52), and role functioning (HR 0.58) with [177Lu]Lu-DOTA-

TATE compared with octreotide. There were also significant

improvements in TTD of symptoms, including diarrhoea (HR

0.47), pain (HR 0.57) and fatigue (HR 0.62). There were no

HRQoL domains where a benefit for octreotide was observed.

The endocrine scale of the EORTC QLQ-C30 did not show a

difference for the treatment arms [28].

Khan et al. (2021) also described in this issue of the journal

a matching-adjusted indirect treatment comparison of [177Lu]

Lu-DOTA-TATE, everolimus and sunitinib. In the analysis, the

single-armERASMUS studywas used to infer the effectiveness

of [177Lu]Lu-DOTA-TATE in gastro-intestinal NETs patients

relative to best supportive care and everolimus, and its

effectiveness in pancreatic NETS patients relative to best

supportive care, sunitinib and everolimus. Across all of the

analyses reported, [177Lu]Lu-DOTA-TATE demonstrated su-

perior effectiveness in extending PFS and OS relative to ever-

olimus and sunitinib, as well as best supportive care. The

authors note that the observed magnitude of effect sizes and

their consistency across comparators indicates that [177Lu]Lu-

DOTA-TATE appears to be a more effective treatment option

than everolimus, sunitinib or best supportive care in GEP-

NETs, but caution is needed given the non-randomised na-

ture of the comparisons and the associated potential for re-

sidual confounding that could not be accounted for in the

study.

In the second paper in this issue of the journal, the cost-

effectiveness of [177Lu]Lu-DOTA-TATE in the treatment of

GEP-NETS was evaluated for the UK setting based on the re-

sults of Khan et al. (2021) matching-adjusted indirect treat-

ment comparison. The analysis used a three-state partitioned

survival model (pre-progression, post-progression and death)

with UK-specific HRQoL utility data and published UK costs

(accounted from a National Health Service perspective) to

evaluate costs and clinical outcomes over a 20-year time ho-

rizon. The study provides evidence that [177Lu]Lu-DOTA-TATE

is likely to be cost-effectiveness versus everolimus, sunitinib

and best supportive care assuming a willingness to pay

threshold of GBP 30,000 per QALY gained. These base case

findings were supported by deterministic and probabilistic

sensitivity analysis. In financially stringent times, a favour-

able cost per QALY gained for optimal treatment is in the in-

terest of health care providers and patients.

There are new early data regarding the potential for genetic

biomarkers to predict for individual patients the PRRT efficacy

and potential adverse events before a treatment decision is

made, as well as for monitoring patients during and after
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PRRT. Recently, the PRRT prediction quotient has been

developed using transcriptomics and grading. Based on

mathematical modelling, this is a blood-based eight gene

assay with an overall accuracy of 95% regarding responses to

PRRT in NETs, and this deserves further prospective evalua-

tion [29,30]. Assaying the phosphorylated histone variant

H2AX (g-H2AX) is a recognised technique for monitoring the

effect of external-beam ionising radiation on DNAmaking use

of peripheral blood lymphocytes (PBLs). g-H2AX in PBLs is thus

of interest as a potential biomarker of myelotoxicity [31].

Further understanding and development of such strategies is

important and may aid the selection of patients, as well as

identification of those patients in need of more intense

monitoring.

As the first radiopharmaceutical to get regulatory approval

for the treatment of GEP-NETs, the evidence published to date

and summarised, in part, in this issue of the journal suggests

that [177Lu]Lu-DOTA-TATEmay have considerable potential to

improve outcomes for patients with unresectable or meta-

static, progressive, well-differentiated (G1 and G2), somato-

statin receptor-positive GEP-NETs. Moreover, the

development of targeted molecular therapies like [177Lu]Lu-

DOTA-TATE provides an opportunity to offer more personal-

ised cancer treatment as radiopeptides can be tailored to the

unique biologic characteristics of the patient and the molec-

ular properties of the tumour. The highly selective delivery of

radiopeptides can be readily adapted to target different types

of tumour cells, while limiting radiation exposure to healthy

tissue, offering great potential for well-tolerated and highly

efficacious treatments for many malignancies. The NET

experience acts as a paradigm for other malignancies, for

example, current clinical trials in prostate cancer with Lu-177

PSMA, offering hope for a net benefit not just for NET patients

but also for patients with other types of tumours over-

expressing a particular biological entity, e.g. receptor or pro-

tein serving as a high-affinity target for therapy.
Disclaimer

This article is part of a supplement supported by Advanced

Accelerator Applications (AAA), a Novartis company.
Conflict of interest statement

The authors declare the following financial interests/personal

relationships which may be considered as potential

competing interests: Professor Martyn Caplin has received

speaker and research honoraria from Advanced Accelerator

Applications International, Ipsen, Novartis and Pfizer.
r e f e r e n c e s

[1] Oronsky B, Ma PC, Morgensztern D, Carter CA. Nothing but
NET: a review of neuroendocrine tumours and carcinomas.
Neoplasia 2017;19(12):991e1002.
[2] Yao JC, Hassan M, Phan A, et al. One hundred years after
“carcinoid”: epidemiology of and prognostic factors for
neuroendocrine tumours in 35,825 cases in the United States.
J Clin Oncol 2008;26:3063e72.

[3] Dasari A, Shen C, Halperin D, et al. Trends in the incidence,
prevalence, and survival outcomes in patients with
neuroendocrine tumours in the United States. JAMA Oncol
2017;3:1335e42.

[4] Basuroy R, Srirajaskanthan R, Ramage JK. Neuroendocrine
tumours. Gastroenterol Clin North Am 2016;45(3):487e507.

[5] Cives M, Strosberg JR. Gastroenteropancreatic
neuroendocrine tumours. CA Cancer J Clin 2018;68(6):471e87.
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