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Peptide Receptor Radionuclide Therapy

DNA, deoxyribonucleic acid; 
DOTA, tetraazacyclododecane-tetraacetic 
acid; 
DTPA, diethylenetriamine pentaacetic acid; 
Lu, Lutetium; 
SRL, somatostatin receptor ligand; 
SSTR, somatostatin receptor; 
TATE, tyr3-octreotate; 
TOC, tyr3-octreotide; 
Y, Yttrium.

Marques et al. Cancers. 2023



Peptide Receptor Radionuclide Therapy

Decades of work from development to approval.

Arguably the most significant therapeutic advancement for the management of NETs.

Iravani. LACNETS. 2022



NETTER-1 

• PFS 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). 

• Minimal G3 toxicities. 

Strosberg et al. NEJM. 2017



NETTER-1 long-term follow up

The secondary endpoint of overall survival was 
not met: median overall survival was 48·0 
months (95% CI 37·4–55·2) in the 177Lu-
Dotatate group and 36·3 months (25·9–51·7) in 
the control group (HR 0·84 [95% CI 0·60–1·17]; 
two-sided p=0·30).

Treatment-related serious adverse events of 
grade 3 or worse were recorded in three (3%) 
of 111 patients in the 177Lu-Dotatate group. 

Two (2%) of 111 patients given 177Lu-Dotatate 
developed myelodysplastic syndrome.

Strosberg et al. Lancet Oncol. 2021



Post-Marketing Surveillance

Anemia

22%

Thrombocytopenia

38%

Leukopenia

25%

Pancytopenia

11%

MDS

2%

AML

2%  ROR (CI)  

 Lutathera Doxorubicin Topotecan Etoposide

Thrombocytop. 11.4(10.1-13.1) 8.3(8.9-8.6) 17.6(15.5-20.1) 12.6(12.1-13.1)

Anemia 4.9(4.2-5.8) 6.1(5.8-6.3) 11.3(9.8-13.1) 7.2(6.8-7.5)

Leukopenia 4.4(3.8-5.2) 10.3(9.9-10.6) 15.4(13.7--17.3) 8.3(8.1-8.7)

Pancytopenia 5.2(4.1-6.6) 15.6(15.1-16.3) 23.6(20.3-27.3) 11.4(10.8-12.1)

MDS 11.8(7.1-19.6) 49.2(45.6-53.2) 38.3(26.9-54.4) 54.5(49.9-59.5)

AML 4.8(2.8-8.1) 25.6(24.01-27.4) 24.7(18.5-33.1) 26.8(24.8-29.1)

MDS/AML 6.5(4.4-9.5) 33.1(31.4-34.7) 29.3(23.4-36.7) 35.6(33.6-37.8)

Grewal et al (unpublished)



NETTER-1 QoL/PROs

Kaplan-Meier plots showing European Organisation for 
Research and Treatment of Cancer quality of life 
questionnaire domains with significantly improved time 
to deterioration in the 177Lu-Dotatate arm compared 
with the octreotide arm. 

(A)Global health status; 
(B) physical functioning; 
(C) role functioning; 
(D) fatigue; 
(E) pain; 
(F) diarrhea; 
(G) disease-related worries; 
(H) body image.



NETTER-2



Primary endpoint met!!

Prospective data for high G2 and 
G3 NETs. 

Should PRRT be considered for 
everyone upfront?

Is HD SSA the optimal control arm 
here?

Toxicity with sequencing of PRRT 
and chemo?



Sequencing?

Several options, no clear guidance on 
sequencing. 
Upfront PRRT or after chemo/targeted 
therapy?



COMPETE trial
A Prospective, Randomised, Controlled, Open-label, 
Multicentre Phase III Study to Evaluate Efficacy and Safety 
of Peptide Receptor Radionuclide Therapy (PRRT) With 
177Lu-Edotreotide Compared to Targeted Molecular 
Therapy

Primary outcome: PFS. 
Dosimetry modulated trial. 
PRRT frequency q3 months.
Completed recruitment. 
Results awaited.



COMPOSE trial
A Prospective, Randomised, Controlled, Open-label, Multicentre Study to 
Evaluate Efficacy, Safety and Patient-Reported Outcomes of Peptide Receptor 
Radionuclide Therapy (PRRT) With 177Lu-Edotreotide Compared to Best 
Standard of Care

Phase III enrolment ongoing. 
Primary outcome: PFS
1ST and 2nd line
Dosimetry
Physician choice
Full genomic analysis

Cycle 2 at week 6. 



Repeat PRRT in NETs
University of Iowa NET COE Experience

- Limited data (retrospective) from studies from Europe and Asia: repeat PRRT is safe and 

effective. 

- NANETS consensus statement: Reasonable to consider if patient responds well to one 

complete course of 177Lu-DOTATATE.

PRRT Re- PRRT

Safety

Efficacy

Patient selection





Results

• From June 2018 to July 

2023, a total of 153 

patients received at least 1 

dose of 177Lu DOTATATE 

PRRT at our institution 

post FDA approval, out of 

which, 13/153 (8.5%) 

patients received repeat 

PRRT.

•  We excluded 2/13 patients 

due to lack of adequate 

follow up and included a 

total of 11 patients for the 

final analysis.

Variable
Level N = 11

Sex F 5 (45.5)

M 6 (54.5)

Race W 11 (100.0)

Primary Site Pancreas 6 (54.5)

Small Bowel 4 (36.4)

Unclear Origin 1 (9.1)

Functional Functional 7 (63.6)

NF 4 (36.4)

Grade 1 2 (18.2)

2 9 (81.8)

Number of Prior 
Therapies

1 1 (9.1)

2 5 (45.5)

3 1 (9.1)

4 1 (9.1)

5 2 (18.2)

6 1 (9.1)



Variable        Level N = 11

Type 
(PRRT1)

177
Lu 5 (45.5)

90
Y 6 (54.5)

Number of 
Cycles 
(PRRT1)

1 1 (9.1)

2 1 (9.1)

3 6 (54.5)

4 3 (27.3)

Number of 
Therapies 
between 
PRRT1 and 
PRRT2

1 6 (54.5)

2 5 (45.5)

Number of 
Cycles 
(PRRT2)

1 3 (27.3)

2 2 (18.2)

3 3 (27.3)

4 3 (27.3)

PD

9%

PR

46%

SD

45%

PRRT1

PD

PR

SD

PD

33%

PR

22%

SD

45%

PRRT2

PD

PR

SD



Progression free survival

Median PFS for PRRT1 (n = 11) was 
25.4 months and median PFS 
(n = 10) for PRRT2 was 13.1 
months.

PFS for PRRT2 was significantly 
lower than PRRT1 (p = 0.001)



Functional status/ Site of origin

Median PFS after PRRT2 
for pancreatic NETs was 
not statistically different 
from PFS for small bowel 
NETs (13.1 months vs 11.3 
months, p = 0.34). 

No statistically significant 
difference in median PFS 
after PRRT2 between 
functional and non-
functional NETs (13.1 
months vs 13.1 months, 
p = 0.43)



Toxicity data

No long-term hematological toxicities -
acute myeloid leukemia (AML) or 
myelodysplastic syndrome (MDS).

One patient each developed grade 3 
renal toxicity after PRRT1 (9.1%) and 
PRRT2 (10%) and 1 patient developed 
grade 4 renal toxicity after PRRT1 (90Y-
DOTATOC). 

The patient most likely developed pre-
renal acute kidney injury due to 
carcinoid crisis in the setting of 
underlying VIPoma and made full 
recovery eventually.



Conclusions

- First US experience describing the safety and efficacy of repeat PRRT

- Safety events were comparable after PRRT1 and PRRT2

- PFS after PRRT2 is shorter than PFS after PRRT1 

- Study limited by small sample size and retrospective design.

- Large randomized studies needed to establish safety and efficacy and identify patients 

more likely to benefit. ?functional tumors

- ?Role of repeat beta PRRT with ongoing studies of alpha PRRT trials.



NET RETREAT Trial
A Phase II trial of Lu-177 DOTATATE 
retreatment vs everolimus in midgut NET

PI: Dr. Simron Singh, Dr Aman Chauhan



ReLUTH trial (French study)

Deshayes et al. BMC Cancer. 2022

Multicenter, randomized, 
open label phase II study. 

Well differentiated midgut 
neuroendocrine tumors. 

Progressive disease after 
4 cycles of Lutathera. 

Primary endpoint: DCR at 
6 months. 

PI: Dr Deshayes



Neoadjuvant PRRT ??? 

The NeoLuPaNET trial (NCT04385992) 

High risk 
PanNET

177Lu-
DOTATATE

Surgery

High risk resectable 
panNET:
Presence of at least 
one of the following: 
1. Tumor size > 4 cm,
2. Nearby organ/s 

invasion, 
3. Ki67 >10%,
4. Vascular invasion,
5. Single liver 

metastasis, 
6. Nodal involvement.

29 patients underwent surgery
Radiological response- 17 patients (59%)
Resection achieved in 28 patients (96.5%)
Severe postoperative complications -24% of patients. 

NeoNET trial ongoing. Partelli et al. ESMO 2023

https://clinicaltrials.gov/ct2/show/NCT04385992


Expanding indications of PRRT

NCI trial for 
pheo/para 
ongoing



Combination Therapy with PRRT

Chan et al. J Nucl Med. 2020

Attempts to amplify the 
therapeutic efficacy of PRRT 
by combining it with other 
agents. 

Such strategies include 
administering concurrent TRT 
and chemotherapy, and the 
use of TRT with known or 
putative radiosensitizers. 

Ultimate goal: Amplification of 
DNA damage and cell death. 



Ongoing studies

Iravani. LACNETS. 2023



Alpha PRRT

Why could alpha PRRT be superior 
to beta PRRT?

1. High linear energy transfer 
(LET)→ more DNA DS breaks→ 
less DNA hits needed to kill the 
cell (1-10 vs 100-1000 for beta). 
High LET also means it is less 
affected by hypoxia and cell 
cycle phase. 

2. Short path length of alpha 
PRRT→ makes it more targeted 
than beta PRRT. ??Less toxic

Poty et al. J Nucl Med. 2018

Agents under investigation:
Ac225 – DOTATATE (phase I/III)
Pb212-DOTAMTATE (phase II)
Pb212-VMT-⍺NET (phase I/IIa)



ACTION-1 trial 
phase Ib/3 trial of RYZ101 in somatostatin receptor subtype 2–expressing 
(SSTR2+) gastroenteropancreatic neuroendocrine tumors (GEP-NET) 
progressing after 177Lu somatostatin analogue (SSA) therapy
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