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Abstract

Introduction: 177Lutetium-[DOTA°,Tyr3]octreotate (177Lu-DOTATATE) is a type of peptide 

receptor radionuclide therapy that garnered FDA approval in January 2018 for the treatment of 

somatostatin receptor-positive gastroenteropancreatic (GEP) neuroendocrine tumor (NET) 

patients. The therapy approval was based on findings from the randomized international phase III 

NETTER-1 trial as well as outcome data from a large European registry. The mechanism of the 

drug stems directly from its structure: a somatostatin analog (octreotate) selectively binding to 

somatostatin receptor expressing cells and being internalized, along with a chelated beta-emitting 

isotope 177Lu.

Areas Covered: Herein we describe the pharmacology, clinical efficacy and adverse event data 

from prospective and retrospective studies with 177Lu-DOTATATE. We discuss the role of 177Lu-

DOTATATE within the current treatment landscape for GEP NET patients.

Expert Opinion: 177Lu-DOTATATE represents a unique addition to the treatment 

armamentarium for GEP NETs because of its potential to elicit tumor cytoreduction, which is rare 

among other existing treatment options, and prolonged disease control. Where 177Lu-DOTATATE 

fits into the treatment sequence for GEP NET patients remains an area of active investigation.
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1. Introduction

The incidence of neuroendocrine tumors (NETs) has risen more than sixfold in the past three 

decades and more than 170,000 patients are living with the disease in the United States [1]. 

Gastroenteropancreatic (GEP) NETs represent the most common subtype of well-

differentiated NETs, comprising more than 70% of these neoplasms [2]. Somatostatin 

receptors are expressed in >80% of well-differentiated NETs, with somatostatin receptor 

subtype 2 being the most prevalent subtype [3]. In patients with unresectable metastatic 

disease, or those with hormonal over-production leading to syndromes, long-acting 

somatostatin agonists (SSAs) have been the cornerstone of first-line therapy [4,5]. 

Radiolabeled SSAs or antagonists have been developed over the past three decades for the 

management of somatostatin receptor-expressing well-differentiated neuroendocrine tumors 

which have progressed on SSAs. This form of systemic radiotherapy belongs to a larger 

category of treatment called peptide receptor radionuclide therapy (PRRT).

PRRT consists of a radioisotope linked via a chelating molecule to a peptide that targets 

peptide receptors present on the cancer cell surface, thus allowing for targeted delivery of 

radiation. In the case of PRRT for advanced NET, the peptide can be an SSA or somatostatin 

antagonist, which binds to the somatostatin receptor. Since the late 1990s, most studies of 

PRRT have investigated the β-emitting isotopes Yttrium-90 (90Y) and Lutetium-177 (177Lu). 

PRRT has represented a significant treatment advance for patients with GEP NETs because 

of its cytoreductive potential and ability to elicit prolonged disease-progression free periods. 

Response rates with the therapy have been reported in the 15-40% range, which is 

significantly higher than response rates with targeted treatments in the post-SSA setting 

including everolimus or sunitinib [6–8]. Despite the benefit of PRRT in patients with 

progressive well-differentiated GEP NETs, salient questions pertaining to its use remain. 

Several of these include when should it be sequenced in relation to other available 

treatments, who are the patients that derive the most benefit from the therapy and should it 

be used as a monotherapy or in combination with other treatments? Ongoing studies such as 

COMPETE and CONTROL NETs are aimed at finding some of these answers 

[NCT03049189, NCT02358356].

2. Overview of the market

Although 177Lu-DOTATATE is the only PRRT therapy approved for GEP NET patients in 

North America and Europe, other PRRT compounds are available. 111In-DOTATOC and 
90Y-DOTATOC were developed prior to 177Lu-based PRRT [9–11]. 111In primarily emits γ 
rays and conversion electrons and is associated with symptomatic disease control and 

minimal cytotoxicity, but has a low rate of partial remissions, which is likely due to the small 

range and limited tissue penetration [12]. 90Y-DOTATOC, in comparison to 177Lu-based 

PRRT, has a longer-range higher-energy β-emission which theoretically allows for greater 

efficacy in larger size metastases. Concomitantly, it may also result in more collateral 

toxicity than 177Lu, particularly nephrotoxicity [13].
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The treatment landscape of GEP-NETs is expanding. The SSAs octreotide and lanreotide are 

typically prescribed in the first-line setting for patients with metastatic somatostatin receptor 

expressive and/or hormonally active tumors. 177Lu-DOTATATE represents a treatment 

option for most somatostatin receptor expressing GEP-NETs after progression on an SSA. 

Everolimus is a mammalian target of rapamycin (mTOR) inhibitor with proven cytostatic 

activity in pancreatic NETs and nonfunctioning GI and lung NETs [6,7]. Sunitinib, an 

inhibitor of the vascular endothelial growth factor receptor (VEGFR) has proven cytostatic 

activity for pancreatic NETs only [8]. Capecitabine and temozolomide, which represents an 

oral cytotoxic treatment regimen, are primarily active in pancreatic NETs, although small 

studies have also shown activity in lung and thymic NETs [14–21].

3. Introduction to the drug

3.1. Chemistry
177Lutetium-[DOTA°,Tyr3]octreotate, otherwise known as 177Lu-DOTATATE, consists of an 

SSA (octreotate), a chelating molecule (DOTA) and a beta-emitting radioisotope (177Lu) 

(Figure 1). Octreotate [D-Phe-c(Cys-Tyr-D-Trp-Lys-Thr-Cys)-Thr] is a slightly modified 

form of the commercially available SSA octreotide in which the C-terminal threoninol is 

replaced with threonine, resulting in an enhanced affinity to somatostatin receptor subtype 2 

[22]. In one study, the use of octreotate resulted in higher intra-tumoral radioactivity 

compared to octreotide, with comparable uptake in normal organs including kidneys, spleen 

and liver [23]. The radioisotope, 177Lu, is a medium-energy β-emitter with a maximum 

energy of 0.5 MeV, half-life of 6.7 days, and maximal tissue penetration of 2 mm. 177Lu also 

emits low-energy γ rays which allows for SPECT imaging and the potential for dosimetry 

[24]. The chelating molecule DOTA consists of a central 12-membered tetraaza ring which 

envelops the radioisotope and links it to the SSA.

Radiolabeled SSAs are primarily excreted by the kidneys, and reabsorption of the drug in 

the proximal tubule can result in nephrotoxicity. This risk has been shown to be substantially 

higher with radiolabeled SSAs utilizing 90Y, which has a longer particle range than 177Lu. 

Co-administration of amino acids solutions consisting of positively charged amino acids has 

been found to competitively inhibit this process resulting in reduced nephrotoxicity [25]. 

One common-compounded formulation consists of 2.5% arginine and 2.5% lysine, 

administered in 1 l of normal saline over 4 h, starting 30 min prior to administration of the 

radiopharmaceutical [26]. Commercially available amino acid solutions approved by the 

Food and Drug Administration (FDA) and developed for total parenteral nutrition (TPN) 

consist of roughly 18–20 essential and nonessential amino acids, and deliver a much larger 

osmolar load, resulting in substantially worse nausea during administration.

3.2. Pharmacodynamics

On its FDA label, 177Lu-DOTATATE exposure–response relationships and the time course of 

its pharmacodynamic response are cited as being unknown.
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3.3. Pharmacokinetics

The pharmacokinetics of 177Lu-DOTATATE have been characterized in patients with 

progressive, somatostatin receptor expressing neuroendocrine tumors [27]. The mean blood 

exposure (AUC) of 177Lu-DOTATATE at the recommended dose is 41 ng/mL (coefficient of 

variation [CV] 36%). The mean maximum blood concentration (Cmax) for 177Lu-

DOTATATE is 10 ng/mL (CV 50%), which generally is the level at the end of the infusion.

Distribution: The mean volume of distribution for 177Lu-DOTATATE is 4601 (L) (CV 

54%). Within 4 h of administration, 177Lu-DOTATATE distributes throughout the kidneys, 

tumor lesions, liver, spleen, and occasionally, the pituitary and thyroid glands. Co-

administering amino acids reduces the median radiation dose to the kidneys by 47% (34% to 

59%) and increases the blood clearance of 177Lu-DOTATATE by 36%. The non-radioactive 

form of the compound is 43% bound to human plasma proteins [27].

Elimination: The mean clearance for 177Lu-DOTATATE is 4.5 L/h (CV 31%). The mean 

(± standard deviation) effective blood elimination half-life is 3.5 (±1.4) hours and the mean 

terminal blood half-life is 71 (± 28) hours.

Metabolism: 177Lu-DOTATATE does not undergo hepatic metabolism.

Excretion: 177Lu-DOTATATE is primarily renally eliminated with a cumulative excretion 

of 44% within 5 h, 58% within 24 h and 65% within 48 h following 177Lu-DOTATATE 

administration. Based on the half-life of 177Lu-DOTATATE, more than 99% will be 

eliminated within 14 days.

4. Precursor compounds

Early phase I/II studies with radiolabeled SSAs in Europe tested 111In-DOTATOC and 90Y-

DOTATOC [9–11]. 111In emits Auger electrons with limited cytotoxicity. 111In-based PRRT 

improved patient symptoms but demonstrated limited cytoreduction in comparison to 90Y, a 

beta-emitting isotope with a maximum particle range of roughly 12 mm [12]. Octreotate 

combined with the chelator DOTA (DOTATATE) was developed based on pre-clinical data 

suggesting that DOTATATE had a greater affinity for somatostatin receptor 2 than 

DOTATOC and dosimetry studies suggesting greater intra-tumoral residence time of 

radioactivity with DOTATATE. Moreover, 177Lu was found to have substantially reduced 

nephrotoxicity compared to 90Y, likely due to its shorter particle range [23,28–30]. For 

example, in a large cohort of 1109 NET patients treated with 90Y-DOTATOC, 9.2% 

experienced permanent nephrotoxicity (grade ≥ 4) [29]. In another large cohort analysis of 

807 patients treated at IEO-Milan between 1997 and 2013, 33% of patients treated with 90Y-

DOTATOC experienced any grade nephrotoxicity compared to 13.4% treated with 177Lu-

DOTATATE [30].
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5. Clinical efficacy

5.1. Phase I and phase II trials

In one early study, 35 patients with unresectable GEP NET tumors were treated with 177Lu-

DOTATATE [31]. Of these patients, 46% had progressive disease in the year prior to the 

therapy while 40% had been previously treated with octreotide. Treatment doses were 100 

millicurie (mCi) in 7 patients, 150 mCi in 14 patients and 200 mCi in 14 patients; 86% of 

patients received 600–800 mCi with the other 14% either not completing therapy or reaching 

their maximum cumulative dose. With regards to the adverse events, 30% and 14% of 

patients experienced nausea and vomiting within the first 24 h after the administration, 

respectively. Mild hair loss was noted in 49% of the patients although this was reversible in 

all patients by the 6-month follow-up period. Grade 3 leukopenia and thrombocytopenia 

occurred in 1% and 4% of patients, respectively. On 3-month restaging scans after treatment 

completion, 37% of patients achieved a response (1 complete response, all others partial) 

and 41% achieved stable disease.

In another phase I/II study, 51 patients with unresectable or metastatic NET patients received 

escalating doses of 177Lu-DOTATATE [32]. Eighty-four percent possessed tumors of GEP 

NET origin while 16% of patients had bronchial NETS or tumors of unknown primary. In 

the patients with grading and Ki-67% available, 95% had well-differentiated NETs. Each of 

the first five patients received a median of six treatment cycles of 177Lu-DOTATATE at 3.7 

gigabecquerel [GBq] (equivalent to 100 mCi). Since no major toxicities were observed in 

this treatment group, subsequent groups were treated with escalating doses of 177Lu-

DOTATATE. After data in the literature emerged about the tolerability of the 7.4 Gbq (200 

mCi) dose, the protocol was amended to allow this dose level along with intra-patient dose 

escalation. Repeat treatments were administered 6 weeks apart with a cumulative activity of 

22–30 Gbq considered as maximal based upon existing dosimetry data. With regards to 

adverse events, grade 1/2 leukopenia, anemia and thrombocytopenia were experienced by 

61%, 78% or 27% of patients, respectively. Median creatinine clearance decreased by 23.9% 

in patients 1-year postcompletion of PRRT. Response rates were 29% in all treated patients 

and 59% achieved stable disease. The median time-to-progression (TTP) was 36 months 

while median overall survival (OS) was not reached in the entire cohort. At the 36-month 

mark, 68% of patients were still alive.

The first US phase II experience with 177Lu-DOTATATE was reported in 2014 [33]. In this 

study, 37 patients with advanced grade 1 or 2 GEP NETs were treated with up to 4 cycles of 
177Lu-DOTATATE to a total of 800 mCi. Of 32 evaluable patients who had received at least 

2 treatment cycles, 9.4% and 12.5% of patients developed grade 2 and 3 hematologic 

toxicity, respectively. Grades 1/2 and grade 3 hepatic toxicity were experienced in 6.2% and 

9.4% of patients, respectively. Response rates were 28% in the entire cohort while the stable 

disease was achieved in 41% of patients. The median progression-free survival (PFS) for all 

patients and those who received all four treatment cycles were 16.1 months and 16.5 months, 

respectively. Non-statistically significant differences were observed in PFS outcomes 

between patients with <50% liver involvement and those with >50% liver involvement. In 

the study, 34 patients had undergone a pretreatment 18F-FDG PET/CT; 24 patients had a 
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positive PET while 10 patients had negative PET scans. Patients with FDG avid PET scans 

had a higher likelihood of death compared with those with non-FDG avid PET scans (p 

= .03 by the Chi-squared test).

A summary of the reported phase I/II studies of 177Lu-DOTATATE in patients with GEP 

NETs is presented in Table 1.

Several ongoing phase II trials are exploring the utility of 177Lu-DOTATATE monotherapy 

or in combination with additional treatments in patients with other diseases. These are 

highlighted in Table 2.

5.2. Phase III trial

The NETTER-1 study was a randomized phase III trial in patients with progressive 

metastatic or unresectable well-differentiated midgut neuroendocrine tumors [34]. Two 

hundred and thirty-one patients were randomized to four treatments of 177Lu-DOTATATE 

every 8 weeks (each treatment followed by 30 mg of octreotide LAR with maintenance 

octreotide LAR 30 mg every 4 weeks after completion of PRRT) or 60 mg of octreotide 

every 4 weeks. The primary endpoint was PFS. Of the enrolled patients, 97% had small 

intestinal primary tumors while 3% had appendiceal or colonic primary tumors. Median 

progression-free survival (PFS) was not reached in the 177Lu-DOTATATE arm compared to 

8.4 months in the high-dose octreotide arm (hazard ratio [HR] for disease progression or 

death 0.21, 95% confidence interval (CI), 0.13–0.33; p < 0.001). A planned interim analysis 

for OS was also conducted and the HR for death in the 177Lu-DOTATATE arm compared to 

the control arm was 0.4 (p = 0.004). While encouraging, this p-value did not meet the 

prespecified threshold for statistical significance at interim analysis (0.000085), and final OS 

data is awaited 5 years after the last patient randomization (or after 158 deaths). The data 

were not sufficiently mature to provide a median OS estimate in either treatment group. 

Response rates were 18% in the PRRT arm compared to 3% in the octreotide alone arm (p < 

0.001). The most common adverse events in the 177Lu-DOTATATE treated patients were 

nausea (59%) and vomiting (47%) which were attributed in more than 65% of cases to the 

pre-treatment amino acids. Rates of grade 3 or 4 adverse events were similar between the 

two groups however hematologic events only occurred in the PRRT treated group. Grade 3/4 

lymphopenia, thrombocytopenia and anemia occurred in 9%, 2% and 1% of patients, 

respectively.

In the first provided update on OS and PFS from the NETTER-1 study population, median 

OS in the high-dose octreotide arm was 27.4 months while still had not been reached in the 
177Lu-DOTATATE arm [35]. The HR for PFS was unchanged from the HR presented in the 

initial publication.

A quality of life (QOL) analysis of the NETTER-1 trial was published separately [36]. In 

this study, QOL outcomes were measured using the QOL questionnaires QLQ C-30 and G.I. 

NET-21. Patients completed the questionnaires at baseline and every 12 weeks until 

progression. The primary endpoint of the study was time-to-QOL deterioration (TTD) which 

was counted if a patient experienced a ≥ 10-point reduction in QOL score. TTD was 

significantly prolonged in the 177Lu-DOTATATE arm compared to patients in the high-dose 
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octreotide arm with regards to global health status (HR 0.41; p < .001), physical functioning 

(HR 0.52; p < .015), diarrhea (HR 0.47; p = .011), and fatigue (HR 0.62; p = 0 .03). In no 

QOL domains did the 177Lu-DOTATATE arm fare worse.

5.3. Cohort studies

Several large cohort studies of patients treated with 177Lu-DOTATATE have been reported 

which add more data for the treatment in GEP NET patients.

In one cohort analysis, 610 Dutch patients with midgut, foregut, hindgut and unknown 

primary NETs (51% had GEP NETs) received treatment with 177Lu-DOTATATE [37]. For 

the safety analysis and efficacy analysis, 582 and 443 patients had data available, 

respectively. Patients included in the safety analysis had received at least 100 mCi of 177Lu-

DOTATATE. Grade 3/4 hematologic toxicities were experienced by 10% of patients; 5% 

experienced grade 3/4 thrombocytopenia, 5% experienced grade 3/4 leukopenia while 4% 

experienced grade 3 anemia. Grade 3/4 transaminase elevations were observed in 3% of 

patients while 0.4% of patients experienced grade 3/4 creatinine increases. Myelodysplastic 

syndrome and acute leukemia occurred in 1.5% and 0.7% of patients, respectively. In 

patients included in the efficacy analysis, the median PFS was 28 months, median TTP was 

36 months and median OS was 63 months. The response rate in the entire patient group was 

39% while the stable disease was achieved in 43% of patients. For the subgroup of patients 

with progressive disease at baseline (54% of efficacy cohort), median PFS was 30 months, 

median TTP was 36 months and median OS was 58 months.

A German cohort analysis reported on outcomes from 1048 patients who underwent PRRT 

with either 177Lu-DOTATATE, 90Y-DOTATOC or both therapies in an alternating fashion 

[38]. Of these patients, 74% had GEP NET primaries. In this analysis, 378 patients received 

monotherapy with 177Lu-DOTATATE. The average total treatment dose the patients received 

was 18.8 GBq. Median OS in the 177Lu-DOTATATE treated patients was 44 months while 

median PFS was 17 months. Patients treated with alternating radiolabeled SSAs experienced 

a median OS of 64 months with a median PFS of 24 months.

A smaller recent cohort study reported on the experience of 69 (66.7% PNET) well-

differentiated G3 NET patients who received PRRT with either 177Lu-DOTATATE or 90Y-

DOTATOC [39]. Of these patients, eight received therapy in the first-line setting, 25 in the 

second-line setting and 36 in the third-line setting. Time to event outcomes were stratified in 

these patients by Ki-67 >55% or ≤55%. Median PFS and median OS were 9.6 months and 

19.9 months, respectively. Patients with tumors with a Ki-67 ≤55% experienced a median 

PFS of 11 months and median OS of 22 months. Patients with tumors with a Ki-67 >55% 

experienced a medians PFS of 4 months and a median OS of 7 months. In patients with 

tumors with strong somatostatin receptor avidity (SUV > 15) on pretreatment 68Ga-dotatate 

scans, the response rate was more pronounced. None of the treated patients experienced 

grade 3 or 4 hematologic toxicity or renal dysfunction.

Investigators have also sought to identify whether genomic signatures can identify the 

patients who will benefit from PRRT versus those who will not. A PRRT predictive quotient 

(PPQ) stratifying responders from non-responders was validated in 178 NET patients treated 
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with 177Lu-DOTATATE across three cohorts [40]. The PPQ was developed in a cohort of 

Italian WD NET patients and validated in German and Dutch patient cohorts. The 

components of the PPQ include a blood-based NET transcript (which measures genes 

involved in metabolism and growth factor expression) along with a tumor 

immunohistochemistry score including Ki-67% and grade; the ultimate readout is 

interpreted as a binary score (PPQ + or PPQ −). The PPQ accurately predicted PRRT 

responders at both initial and final follow-up (100% at each timepoint). PRRT non-

responders were predicted in initial (65%) and final (94%) follow up. In aggregate, at the 

final follow up, PRRT response was correctly predicted in 93% of patients. Median PFS 

differences between PPQ + and PPQ − patients were highly statistically significant (not 

reached versus 8 months, HR 36.4; p < .001). No differences were seen in PFS between PPQ 

+ and PPQ − patients who did not receive PRRT.

6. Administration

Based on FDA’s product label, the recommended dose for 177Lu-DOTATATE is 7.4 GBq 

(200 mCi) given every 8 weeks for a total of four doses. The dose of 177Lu-DOTATATE can 

be reduced and/or the time interval between cycles can be extended to 16 weeks based on 

the patient’s tolerance [27]. There is currently limited evidence about the efficacy of 

additional PRRT treatments beyond the four doses. In small studies, PRRT retreatment 

(beyond the initial four cycles) was associated with lower tumor response rate and PFS in 

comparison to the initial treatment, but appears to be safe, especially if done with 177Lu-

DOTATATE instead of 90Y-DOTATOC, and if a cumulative activity does not exceed 45 GBq 

[41–43]. The patients who are considered for additional PRRT must have tolerated the initial 

four doses and shown a durable response of at least 1 year following initial treatment.

Since radiolabeled SSAs are reabsorbed by the proximal renal tubules, a concomitant 

administration of competing positively charged amino acids such as L-arginine and L-lysine 

is used to decrease renal radiation exposure [25,26].

The intravenous infusion of amino acids should contain between 18 and 24 g of L-arginine 

and L-lysine, with the most commonly used compounded solution consisting of 2.5% L-

arginine and 2.5% L-lysine in 1 L 0.9% NaCl. This infusion starts 30 min prior to the 

administration of 177Lu-DOTATATE, and is given continuously until delivery of the whole 

amount, which takes about 4 h to deliver.

The patients are usually premedicated with anti-emetics 30 min before the recommended 

amino acid solution.

Based on FDA’s on-label use for 177Lu-DOTATATE, the long-acting and short-acting SSAs 

should not be given within 4 weeks and 24 h from 177Lu-DOTATATE, respectively. SSAs 

can then be restarted at least 4 h after the administration of 177Lu-DOTATATE.

Holding SSAs prior to PRRT aims at decreasing the risk of competition for the same tumoral 

somatostatin receptors. However, this is still a subject of investigation as these concerns may 

not be justifiable due to an increasing body of evidence showing that SSAs might improve 

the tumor-to-background ratio as seen on 68Ga-DOTATATE PET [44–46].
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7. Emerging therapeutics

One of the limitations of 177Lu-DOTATATE and 90Y-DOTATOC is the need to administer 

multiple doses in order to achieve the anti-tumor effect with tolerable toxicity. 

Lutetium-177-1, 4, 7, 10-tetra-azacyclododecane-1, 4, 7, 10-tetraacetic acid-Evans blue-

Tyr3-octreotate (177Lu-DOTA-EB-TATE) represents a long-lasting SSA which may 

circumvent this necessity. A phase I Chinese study of 177Lu-DOTA-EB-TATE explored 

safety and dosimetry of a single dose of the drug [47]. Of the 8 recruited patients, 5 received 
177Lu-DOTA-EB-TATE while 3 received 177Lu-DOTATATE; all patients underwent serial 

whole-body planar and single-photon emission computed tomography (SPECT)-CT scans. 

Compared to 177Lu-DOTATATE, patients treated with the investigational agent experienced 

extended blood circulation and a 7.9-fold increase of tumor dose delivery. Patients treated 

with 177Lu-DOTA-EB-TATE also experienced increased dose delivery to the kidneys (3.2 

fold) and bone marrow (18.2 fold) with no noted adverse events.

177Lu-DOTATATE and 90Y-DOTATOC represent radiolabeled somatostatin receptor agonists 

however radiolabeled somatostatin antagonists are also being developed. 177Lu-OPS201 

(also known as 177Lu DOTA-JR11 or Satoreotide tetraxetan) is one of the antagonists that is 

now being tested in clinical trials [NCT02592707, NCT03773133]. In vitro experiments 

comparing 177Lu-OPS201 to 177Lu-DOTATATE in osteosarcoma cells transfected with 

somatostatin receptor 2, demonstrated that the former compound accumulates at cell 

membrane surfaces rather than being internalized and elicits more double-stranded DNA 

breaks (as measured by 53BP1 and DAP1) [48]. In vivo experiments in H69 xenografts 

revealed that mice treated with 177Lu-OPS201 compared to 177Lu-DOTATATE had longer 

periods of tumor stabilization (45 ± 7 days vs 41 ± 2 days) and longer median survivals (71 

days vs 61 days). In a small pilot study utilizing a crossover design, four patients received 

treatment with both 177Lu-OPS201 and 177Lu-DOTATATE [49]. Patients underwent whole-

body imaging and SPECT/CT imaging post-treatment (for pharmacokinetic data) and 

underwent 68Ga-DOTATATE to assess response. Patients were noted to have increased intra-

tumor radioactivity in conjunction with increased intra-tumor residence times during 

treatment with 177Lu-OPS201 compared to during treatment with 177Lu-DOTATATE; this 

corresponded to a tumor dose which was 1.7–10.6 times greater with the somatostatin 

receptor antagonist. These findings led to a phase I study of 177Lu-OPS201 in 20 (45% 

PNET) refractory well-differentiated NET patients [50]. Patients were treated with 2 cycles 

of the agent at 3-month intervals. Of these patients, 6 were treated with 1 cycle while 14 

were treated with 2 cycles. Grade 4 hematologic toxicity was observed in 4/7 (57.1%) 

patients after cycle 2, necessitating a protocol amendment to limit total bone marrow 

exposure to 1 gray and reduce the cycle 2 dose by 50%. Response rates were 45% (1 

complete response) and disease control was observed in 85% of patients. Median PFS was 

21 months.

Another class of compounds which are currently being studied in clinical trials are 

miniaturized drug conjugates. One of the compounds that are furthest advanced in 

development is PEN-221. PEN-221 is a SSA conjugated to the chemotherapeutic agent 

mertansine (DM1), which is a microtubule inhibitor [51]. Findings from the dose-escalation 

portion of the phase I/II study of PEN-221 in NET and small cell lung carcinoma (SCLC) 
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patients were presented at ASCO 2018 [52]. Twenty-three patients (22 with NET, 1 with 

SCLC) were treated and the maximum-tolerated doses (MTD) was established as 18 mg 

intravenously (IV) every 3 weeks. The most frequent adverse events seen in ≥20% of 

patients were fatigue, nausea, diarrhea, vomiting and abdominal pain. Among 15 patients 

who were evaluable for response, 11 achieved stable disease by week 9. In 8 of these 11 

patients, stable disease was sustained for 18–45 weeks; in 3 patients, tumor shrinkage was 

observed. Expansion cohorts in GEP NETs and SCLC are currently enrolling.

A description of the characteristics of 177Lu-DOTATATE and several of its competitor 

radiolabeled SSAs and somatostatin antagonists are described in Table 3.

8. Regulatory affairs
177Lu-DOTATATE was approved by the European Medicines Agency (EMA) on 26 

September 2017 for patients with well-differentiated GEP NETs who progressed on first-line 

SSA therapy. The therapy gained FDA approval for the same indication in GEP NET 

patients on 26 January 2018. On 7 February 2019 Health Canada approved 177Lu-

DOTATATE for the same indication in GEP NET patients.

9. Conclusion

The approval of 177Lu-DOTATATE for the treatment of patients with well-differentiated 

GEP NETs added a potent treatment option for patients with disease progressive on SSAs. 

Beyond carrying the potential to elicit meaningful cytoreduction, which is rare among 

approved treatments for these tumors, the greatest promise of the therapy appears to be its 

ability to prolong disease progression in patients. The therapy also significantly improves 

patient QOL outcomes, which is not always the case even for active anti-cancer therapeutics. 

The short-term hematologic, gastrointestinal, hepatic and cosmetic (alopecia) side effects of 

the treatment are transient while the long-term risks of myelodysplastic syndrome and acute 

myeloid leukemia are rarer, occurring in roughly 2% and 0.7% of treated patients, 

respectively. Where 177Lu-DOTATATE fits in the treatment sequence for patients with well-

differentiated GEP NETs, which patients should receive the treatment, and whether it should 

be administered as monotherapy or in combination with other agents remain active questions 

for researchers in the field. Given the promise demonstrated by 177Lu-DOTATATE, other 

radiolabeled SSAs and somatostatin antagonists such as 177Lu-DOTA-EB-TATE and 177Lu-

OPS201 are being studied in ongoing clinical trials. These may offer theoretical benefits 

over 177Lu-DOTATATE with regards to treatment schedule and intra-tumoral uptake, 

however, it is still too early to tell whether they will improve outcomes for patients.

10. Expert opinion
177Lu-DOTATATE has been a transformative therapy for many patients with progressive, 

somatostatin-receptor expressing well-differentiated GEP NETs. However, many questions 

remain regarding optimal timing and sequence of treatment with 177Lu-DOTATATE and 

other PRRT compounds. The NETTER-2 study will compare 177Lu-DOTATATE in 

combination with standard-dose octreotide (30 mg) to high-dose octreotide (60 mg) as a 
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first-line treatment in patients with well-differentiated grade 2 and 3 GEP NETs (Ki-67 

range from 10%-55%) (NCT03972488). The COMPETE study is randomizing patients with 

progressive nonfunctioning GEP-NETs to receive 177Lu-DOTATOC versus everolimus. 

Other questions raised by investigators are whether 177Lu-DOTATATE is the most potent 

type of PRRT and can it be combined with other agents to increase its effectiveness against 

recalcitrant lesions. Different radiolabeled SSAs and somatostatin antagonists such as 177Lu-

DOTA-EB-TATE and 177Lu DOTA-OPS201 are being tested in current clinical trials based 

upon pre-clinical and dosimetry studies suggesting advantages to each compound over 
177Lu-DOTATATE. With regards to the former, the albumin-binding moiety of the 

compound slows peripheral blood clearance and only a single dose of treatment may be 

necessary to achieve its therapeutic effect. With regards to the latter, somatostatin receptor 

antagonists may create more DNA damage in NETs compared to SSAs. Further studies such 

as CONTROL NETS are exploring whether 177Lu-DOTATATE is most effective alone or in 

combination with cytoreductive treatments such as capecitabine and temozolomide to elicit a 

maximum anti-tumor response.
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Article highlights

• 177Lu-DOTATATE is a radiolabeled somatostatin agonist (SSA), which is 

approved for the treatment of somatostatin receptor positive well-

differentiated gastroenteropancreatic (GEP) neuroendocrine tumor (NET) 

patients in Europe, the United States, and Canada.

• 177Lu-DOTATATE belongs to a class of therapeutic agents called peptide 

receptor radionuclide therapy (PRRT). In the context of NETs, each agent 

includes a peptide, which is an SSA or somatostatin receptor antagonist, a 

chelator which serves as a linking molecule, and a specific radioisotope.

• Radiolabeled SSAs have been trialed in Europe since 1994. The initial 

radiolabeled SSAs tested in phase I studies were 111In-DOTATOC (very 

weakly cytotoxic) and 90Y-DOTATOC. 177Lu-based PRRT was shown to have 

a more favorable therapeutic index than 90Y, particularly with respect to renal 

toxicity. Octreotate combined with the chelator DOTA (DOTATATE) showed 

increased somatostatin receptor 2 avidity and longer intra-tumoral 

radioactivity residence based on preclinical and dosimetry studies, 

respectively.

• The NETTER-1 trial randomized midgut NET patients to four treatments of 
177Lu-DOTATATE followed by standard-dose octreotide LAR or high-dose 

octreotide LAR. It is the only reported randomized phase III study involving 

any radiolabeled SSA. In the 177Lu-DOTATATE arm, progression-free (PFS) 

was markedly prolonged compared to the high-dose octreotide arm: hazard 

ratio [HR] 0.21; p < 0.001.

• Quality of life (QOL) was analyzed on the NETTER-1 study using the 

European Organisation for Research and Treatment of Cancer (EORTC) 

questionnaires. Time to deterioration was significantly prolonged in the 
177Lu-DOTATATE arm compared to patients in the high-dose octreotide arm 

with regards to global health status, physical functioning, diarrhea and 

fatigue.

• Other radiolabeled SSAs and somatostatin antagonists which carry theoretical 

advantages over 177Lu-DOTATATE are now being tested in early safety-

focused clinical trials. Two notable agents include the SSA 177Lu-DOTA-EB-

TATE and the somatostatin receptor antagonist 177Lu-OPS201. 177Lu-DOTA-

EB-TATE has demonstrated increased intra-tumoral radioactivity uptake 

preclinically and a longer plasma half-life due to its albumin binding moiety, 

compared to 177Lu-DOTATATE. 177Lu-OPS201 has demonstrated an 

increased capacity to elicit DNA damage preclinically and increased intra-

tumor radioactivity uptake in a small pilot study clinically, compared to 
177Lu-DOTATATE.

• Ongoing studies are exploring whether PRRT is more effective in earlier 

treatment lines in GEP NET patients, whether additional cytoreductive 
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treatments should be added to PRRT to improve its anti-tumor efficacy and 

what other patients (such as those with paragangliomas, pheochromocytomas, 

meningiomas, lung NETs) may benefit clinically from PRRT.
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Figure 1. 
The chemical structure of DOTATATE.
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Table 3.

Characteristics of 177Lu-DOTATATE and competitor radiolabeled SSAs and somatostatin antagonists.

Compound Peptide Radionuclide Unique Characteristics

177Lu-DOTATATE Octreotate 177Lu Compared to 90Y-DOTATOC, it has greater tumor uptake and a reduced risk of toxicity 
due to the medium energy B-emitting character of 177Lu. This agent has randomized phase 
III data while no other radiolabeled SRA has such data yet.

90Y-DOTATOC Octreotide 90Y 90Y is a high energy B-emitter with a potential ability to be more effective than 177Lu for 
larger metastases. This was one of the first radiolabeled SSAs to be trialed in humans.

111In-DOTATOC Octreotide 111In 111In emits γ rays and conversion electrons. It was the initial radiolabeled SSA trialed in 
humans therapeutically after initially being used at lower doses for diagnostic purposes.

177Lu-DOTA-EB-
TATE

Octreotate 177Lu The Evans Blue modification of the somatostatin analog enables reversible binding to 
albumin which increases the circulating half-life of the radiolabeled SSA and increases its 
tumor exposure.

177Lu-OPS201 OPS201 177Lu OPS201 is a somatostatin receptor 2 antagonist (which is not internalized) and may result 
in increased DNA damage than 177Lu-DOTATATE.

Abbreviations: 177Lu, lutetium-177; 90Y, yttrium-90; SSA, 111In, indium-111; SSA, somatostatin receptor agonist
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