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Disclosure

• None



Objectives

• Compare PRRT experiences across Canadian 
centers. 

• Explain how personalization of PRRT can 
improve its efficacy



PRRT at CHU de Québec – Université Laval

• PRRT program started in 2012 
– 3rd Canadian PRRT center after Edmonton and London
– Supported by Gastrointestinal Oncology MDT

• NET cases presented almost weekly

• Prior staff experiences:
– Dr. Jean-Mathieu Beauregard

• 3 y. at Peter MacCallum Cancer Centre, Melbourne, Australia

– Dr. François-Alexandre Buteau
• 2 y. at the Cross Cancer Institute, Edmonton

– Dr. Alexis Bealieu
• 1 y. at Peter MacCallum Cancer Centre (ongoing)

• Still recruiting Nuclear Oncologists!



PRRT at CHU de Québec – Université Laval

• 36 patients treated under Special Access Program
– Empiric (fixed-IA) PRRT
– 124 cycles

• 37 patients treated under P-PRRT clinical trial
– 26 PRRT-naïve patients
– 11 previously exposed patients 
– 93 cycles to date

• Varied NETs: 
– Gastrointestinal and lung carcinoids
– Functional and non-functional pNETs
– Pheochromocytomas and paragangliomas
– Esthesioneuroblastoma
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Abstract

Purpose Peptide receptor radionuclide therapy (PRRT) with
177Lu-octreotate is commonly administered at empiric, fixed

amounts of injected radioactivity (IA). This results in highly

variable absorbed doses to critical organs and suboptimal

treatment of most patients. The primary aims of this study

wereto design apersonalized PRRT (P-PRRT) protocol based

on dosimetry, and to perform asimulation of thisprotocol in a

retrospectivecohort of patientswith neuroendocrinetumours,

in order to assess the potential of P-PRRT to safely increase

theabsorbed doseto thetumour during afour-cycle induction

course.

Methods Thirty-six patients underwent 122 fixed-IA 177Lu-

octreotate PRRT cycles with quantitative SPECT/CT-based

dosimetry. Twenty-two patientscompleted afour-cycleinduc-

tion course (29.6± 2.4 GBq cumulative IA), with kidney,

bone marrow and maximum tumour absorbed doses of 16.2

± 5.5, 1.3± 0.8, and 114± 66 Gy, respectively. Wesimulateda

P-PRRT regime in which the renal absorbed dose per IA was

predicted by the body surface area and glomerular filtration

rate for the first cycle, and by renal dosimetry of the previous

cycle(s) for the following cycles. Personalized IA was

adjusted at each cycle in order to reach the prescribed renal

absorbed dose of 23 Gy over four cycles (with a 25-50%

reduction when renal or bonemarrow function wasimpaired).

Simulated IA and absorbed doseswerebased on actual patient

characteristics, laboratory values and absorbed doses per IA

delivered at each cycle.

Results In the P-PRRT regime, cumulative IA could have

been increased to 43.7± 16.5 GBq over four induction cycles

(10.9± 5.0 GBq per cycle), yielding cumulativekidney, bone

marrow and maximum tumour absorbed doses of 21.5± 2.5,

1.63± 0.61, and 163.4± 85.9 Gy, respectively. This resulted

in an average 1.48-fold increase in cumulative maximum tu-

mour absorbed dose over empiric PRRT (range, 0.68–2.64-

fold; P= 0.0013).

Conclusion By standardizing the renal absorbed dose deliv-

ered during the induction course, P-PRRT has thepotential to

significantly increase tumour absorbed dose, thus to augment

the therapeutic benefit while limiting toxicity.

Keywords Personalized . Peptidereceptor radionuclide

therapy . 177Lu-octreotate . Dosimetry . Neuroendocrine

tumours

Introduction

Peptidereceptor radionuclidetherapy (PRRT) with radiolabelled

somatostatin analogues such as 177Lu-[DOTA0,Tyr3]octreotate

(177Lu-octreotate) is one of the most promising treatments for

inoperableneuroendocrine tumours(NET). 177Lu PRRT iswell

tolerated, with severetoxicity ratesreported asbelow 2% [1, 2].

Depending on NET subtypes, objective response rates of up to

71% have been reported, but complete responses remain rare

[1–7]. Currently, PRRT is generally administered at a fixed

injectedradioactivity (IA) valueper cycle, e.g.,7.4GBq, inorder
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Retrospective analysis

• 36 NET patients, 

– Total of 122 fixed-IA 177Lu-octreotate cycles

• 114 induction, 8 maintenance cycles

– 22 patients completed a 4-cycle induction

– Quantitative SPECT (QSPECT)-based dosimetry

• 1ary aim: design and simulation of a 
personalized PRRT (P-PRRT) regime

• 2ary aim: report on efficacy and toxicity

M. Del Prete et al. Eur J Nucl Med Mol Imaging 2017; Epub ahead of print



Patients characteristics

M. Del Prete et al. Eur J Nucl Med Mol Imaging 2017; Epub ahead of print



177Lu QSPECT Dosimetry

Serial post-therapy QSPECT/CT Time-activity curves integration

Radiation dose (Gy)

Liver 0.97

Kidney 4.8

Spleen 6.0

Tumor 56.8

2-cm VOI activity sampling

DOSIMETRY

Beauregard JM.
Siemens Imaging Life, SNM 2012 edition



Self-dose Cross-dose

β- γ

γ

Direct sampling (e.g. L4 body)

+ extrapolation to remainder of body

QSPECT bone marrow dosimetry

Whole-body %ID retention: total QSPECT activity

Beauregard et al. J Nucl Med. 2013; 54(S2):176P–177P



Personalized IA (GBq) = Prescribed renal absorbed dose (Gy) * BSA (m2)
-0.0094 * eGFR (mL/min/1.73m2) + 1.81 

Personalized IA: Cycle 1
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r=-0.45; P=0.008



Personalized IA: Cycles 2-3-4

Personalized IA = Prescribed renal dose * Prior cycle(s) renal absorbed dose/IA 

(GBq) (Gy) (Gy/GBq)

Mean cycle-to-cycle renal 
dose difference = -0.7 ± 9.9 %
(range: -18.5 to 14.3 %)

Montegiani JF, et al.
J Nucl Med 2014; 55(S1):198



Personalized PRRT Simulation

• Prescribed renal dose:
– 23 Gy over 4 induction cycles

• 5 Gy at 1st cycle

• Remaining dose divided between following cycles 

– 6 Gy at each consolidation/maintenance cycle

• Dose reduction if impaired renal or BM function 
– 25% if grade 2 impairment 

– 50% if grade 3+ impairment

• IA increase limited to 50% above highest IA received
– 25% if grade 2 subacute toxicity

– 0% if grade 3+ subacute toxicity



P-PRRT Simulation Results

• Induction P-PRRT vs. empiric PRRT: 
– Average 1.48-fold increase in cumulative tumor dose

• range, 0.68–2.64-fold; P = 0.0013

– No patient significantly exceeding 23 Gy to the kidney



Efficacy (n=27)

• Response rates at 3 mo. 
post-induction

– PR/MR: 33%

– SD: 44%

– PD: 22%

• Survival

– PFS: 17.4 mo.

– OS: 18.9 mo.

• PFS and OS significantly 
shorter in patients with PD



Safety

Per cycle Per patient

Commonest acute side effect

Nausea 7.4 % 25 %

Grade 3-4 subacute toxicity

Lymphocytopaenia 18 % 36 %

Worsening of liver function tests 9 % 19 %

Leukopeania 0.8 % 2.8 %

Grade 3-4 chronic toxicity (>3 mo. post-induction)

Lymphocytopaenia – 16 %

Acute myeloid leukaemia – 5.3 % (n=1)



Dose-effect relationships

Cg-A variation

vs. 

Cumulative max tumor dose

Platelet count variation 

vs. 

Per-cycle bone marrow dose

r=-0.48, P=0.0001 r=-0.85, P=0.0006



Personalized PRRT of Neuroendocrine Tumors: 
The P-PRRT Trial

ClinicalTrials.gov: NCT02754297

• Prospective, open-label, single-arm, phase 2 trial
• Progressive or symptomatic NET of any origin

– Octreoscan or 68Ga SSTR-PET positive

• 4 induction cycles of 177Lu-octreotate
– Prescribed renal dose: 23 Gy

• Additional maintenance cycles offered to 
responders

• Endpoints
– Primary: response rates 3 mo. post-induction
– Secondary: PFS, OS, safety



Administered activity and dosimetry 
(preliminary results from 55 cycles in 27 patients)

Median 1.26-fold increase in IA and doses (vs. simulated fixed-IA PRRT)

Up to 3.54-fold increase in patients with low renal dose/IA

P<0.0001 P<0.0001 P<0.0001



Short-term safety

Commonest acute side effects

Grade 3 or 4 subacute toxicity

Per cycle (n=55) Per patient (n=27)

Nausea 18.2 % 22.2 %

Vomiting 5.5 % 7.4 %

Abdominal pain/disconfort 5.5 % 7.4 %

Per cycle (n=45) Per patient (n=26)

Lymphocytopenia 24.4 % 30.8 %

Altered liver function tests 4.4 % 7.7 %

Anemia 2.2 % 3.8 %

Thrombocytopenia 2.2 % 3.8 %



P-PRRT at CHU de Québec – Université Laval

• Standard renal dose over 4 induction cycles 

– Personalized injected activity

• Maximized tumor absorbed dose

– And thus potential benefits

• Safe on the short term

– No excess severe chronic toxicity anticipated

• Feasible

– Low excess ressources over 177Lu-octreotate cost



Referral for PRRT

• We accept all Canadian patients

• Referral package (everything including CDs in a single mailing):

– Case summary

– Pathology and surgery reports

– Reports and images on CDs of:
• 2 lastest Octreoscans or Ga-68 PET (latest <3 months)

• 2 lastest CT or MRI (latest <3 months) 

• FDG-PET and/or MIBG scan if any performed

– Recent labs (CBC, renal/hepatic biochemistry, tumor markers)

• Telephone consult for out-of-province patients
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