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ABSTRACT

I ntroduction: Peptide receptor radionuclide therapy (PRRT)  of patients with 

somatostatin receptor expressing neuroendocrine neoplasms has shown promising 

results in clinical t r ials and a recent ly published phase I I I  study.

Methods: I n our center, 2294 patients were screened between 2004 and 2014 

by 68Ga somatostatin receptor (SSTR)  PET/ CT. I ntention to treat analysis included 

1048 patients, who received at least one cycle of 90Yttrium or 177Lutetium-based PRRT. 

Progression free survival was determined by 68Ga SSTR-PET/ CT and EORTC response 

criter ia. Adverse events w ere determ ined by CTCAE criteria.

Results: Overall survival (95%  confidence interval)  of all patients was 51 months 

(47.0-54.9)  and differed significantly according to radionuclide, grading, previous 

therapies, primary site and functionality. Progression free survival (based on PET/

CT)  of all patients was 19 months (16.9-21) , which was significantly influenced by 

radionuclide, grading, and origin of neuroendocrine neoplasm. Progression free survival 

after initial progression and first and second resumption of PRRT after therapy-free 

intervals of m ore than 6  m onths w ere 1 1  m onths ( 9 .4 - 1 2 .5 )  and 8  m onths ( 6 .4 -9 .5 ) , 

respectively. Myelodysplastic syndrome or leukemia developed in 22 patients (2.1% )  

and 5 patients required hemodialysis after treatment, other adverse events were rare.

Conclusion: PRRT is effective and overall survival is favorable in patients 

with neuroendocrine neoplasms depending on the radionuclide used for therapy, 

grading and origin of the neuroendocrine neoplasm  w hich is not  exact ly m irrored in 

progression free survival as determined by highly sensitive 68Ga somatostatin receptor 

PET/ CT using EORTC criter ia for determ ining response to therapy.
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ABSTRACT

I ntroduction: Peptide receptor radionuclide therapy (PRRT) of patients with 

somatostatin receptor expressing neuroendocrine neoplasms has shown promising 

results in clinical trials and a recently published phase I I I  study.

Methods: I n our center, 2294 patients were screened between 2004 and 2014 

by 68Ga somatostatin receptor (SSTR) PET/ CT. I ntention to treat analysis included 

1048 patients, who received at least one cycle of 90Yttrium or 177Lutetium-based PRRT. 

Progression free survival was determined by 68Ga SSTR-PET/ CT and EORTC response 

criteria. Adverse events w ere determined by CTCAE criteria.

Results: Overall survival (95% confidence interval)  of all patients was 51 months 

(47.0-54.9) and differed significantly according to radionuclide, grading, previous 

therapies, primary site and functionality. Progression free survival (based on PET/

CT) of all patients was 19 months (16.9-21), which was significantly influenced by 

radionuclide, grading, and origin of neuroendocrine neoplasm. Progression free survival 

after initial progression and first and second resumption of PRRT after therapy-free 

intervals of more than 6  months w ere 11  months ( 9 .4 -12 .5)  and 8  months ( 6 .4 -9 .5 ) , 

respectively. Myelodysplastic syndrome or leukemia developed in 22 patients (2.1% ) 

and 5 patients required hemodialysis after treatment, other adverse events were rare.

Conclusion: PRRT is effective and overall survival is favorable in patients 

with neuroendocrine neoplasms depending on the radionuclide used for therapy, 

grading and origin of the neuroendocrine neoplasm w hich is not exact ly mirrored in 

progression free survival as determined by highly sensitive 68Ga somatostatin receptor 

PET/ CT using EORTC criteria for determining response to therapy.

w w w .oncotarget .com                               Oncotarget, 2018 , Vol. 9 , ( No. 24) , pp: 16932 -16950

                                                   Research Paper

Oncotarget16934www.oncotarget.com

2.1%), thymus and mediastinum (16 or 1.5%) stomach 

(15 or 1.4%), caecum and appendix (5 or 0.5%), others 

(13 or 1.2%) and 151 patients (14.4%) had tumors with 

unknown primary site. Other primary tumors included 

paragangliomas/pheochromocytomas (15 patients) and 

25 patients with medullary thyroid cancer. For statistical 

analysis, the group of others included other primary tumor 

as described above and primaries of duodenum, stomach, 

thymus, mediastinum, stomach, caecum and appendix.

Functional syndromes were present in 244 patients 

(23.3%), whereas 804 (76.7%) had no symptoms of 

hormone overproduction. Carcinoid syndrome was 

predominant (158 or 15.0%), followed by Zollinger-

Ellison syndrome/gastrinoma (46 or 4.4%), the syndromes 

caused by glucagonoma (16 or 1.5%), insulinoma (15 or 

1.4%) and the Werner-Morrison syndrome caused by 

VIPoma (8 or 0.7%).

Overall survival

Data and statistical analysis on overall survival (OS) 

is presented in Table 1. Of 1048 patients, 573 (54.7%) 

were alive with a median OS of 51 months (Figure 2A). 

Univariate analysis suggested a significant difference in 

OS for female gender, which was not corroborated by 

multivariate analysis (Table 1, Supplementary Figure 1A). 

Compared to the main age group at diagnosis between 40 

and 60 years, patients older than 60 years at diagnosis 

had a significantly shorter survival. Longer survival 

of patients younger than 40 years at diagnosis was not 

statistically significant in multivariate analysis (Table 

1, Supplementary Figure 1B). Best OS was achieved 

by a combination of 90Y- and 177Lu- for PRRT. Shortest 

survival was observed in patients treated exclusively 

with 90Y, while treatment with solely 177Lu resulted in an 

intermediate survival between the two extreme curves. 

These differences were highly statistically significant 

in univariate and multivariate analysis (Table 1, Figure 

3A). Grading of NENs was a strong predictor of overall 

survival. Best overall survival was achieved in the G1 

group, followed by G2. G3 NENs had the shortest overall 

survival with 23 months compared to 88 months in the G1 

group. Compared to G2, overall survival of G1 patients 

was significantly longer and significantly shorter in the G3 

group. The group of patients with G3 NENs included 18 

patients with a proliferation rate of more than 50%. These 

patients had a median overall survival of 8.7 months (95% 

confidence interval 0-21.1).

Patients with unknown grading had similar overall 

survival as G2 patients (Table 1, Figure 3B). Patients 

with more than 3 prior therapies had significantly lower 

survival whereas patients with only one previous therapy 

had a significantly longer survival (Table 1, Figure 4A). 

Site of origin of NENs was a predictor of median overall 

survival in one group only. Best survival was observed in 

patients with NENs of small bowel (69 months), which 

was statistically significant followed by CUP, others, 

pancreas and lung. In between the later groups, differences 

did not achieve statistical significance except for the 

heterogeneous group of other neuroendocrine neoplasias 

(Table 1, Figure 4B). This group included 25 patients with 

medullary thyroid cancer. These patients had a median 

overall survival of 32 months (23.8-43.5).

The majority of patients had no functional syndrome 

and a median overall survival of 51 months. Patients with 

carcinoid syndrome had a slightly lower median overall 

Figure 1: Flow chart of trial characteristics.



Group 1 (81 pts): PRRT alone
Group 2 (87 pts): PRRT+SSA (77% OCT, 23% LAN) → SSA as maintenance

or PRRT → SSA (65% OCT, 31% LAN) 

PFS = 27 mo gr1
48 mo gr 2

Survival benefit was seen in both functioning
and non functioning NETs

Yordanova et al, Clin Cancer Res 2018

PRRT 
+ concomitant and/or maintenance SSA

Functioning 59 %
Non functioning 41 %



Prinzi et al, ESMO 2018 Poster display session

 
 

In the overall population the mPFS and OS were 70 (CI95% 52.8-
87.1) and 82 (CI95% 66.7-97.2) months (mo), respectively.  
 
The difference on mPFS was 53 and 127 mo, in S1 and S2 
respectively (p= 0.001; HR: 0.31; CI95% 0.15-0.63). In S1 group 
the OS was 69 mo vs 150 mo in S2 (p= 0.004; HR: 0.32; CI95% 
0.14-0.71) (Figure 1). 

Despite the retrospective nature of the analysis and the low number 
of pts, we found a significant difference on mPFS and OS between S1 
and S2 groups.  
In pts with advanced WD EP-NETs treated with PRRT plus SSA after 
SSA failure, the “switch” strategy of SSA after PD, might improve PFS 
and/or OS. 

CONCLUSIONS  

BACKGROUND 
The NETTER-1 trial (Strosberg J et al, NEJM, 2017) has recently shown 
the efficacy of 177Lu-DOTATATE in association with Octreotide (OCT) in 
somatostatin receptor positive midgut NETs, progressing to OCT.  
 
The aim of this analysis was to evaluate the role of SSA in association 
to PRRT beyond PD or after switch to other SSA at PD. 

Out of 107 WD EP-NETs, treated with PRRT (90Y-DOTATOC/DOTATATE 
and/or 177Lu-DOTATOC/DOTATATE) at the Istituto Nazionale Tumori of 
Milan, from 2008 to 2017, 69 patients (pts) treated with the 
combination of PRRT and SSA (OCT or Lanreotide, LAN) after SSA 
treatment failure, were evaluated for present analysis. 
We identified 2 groups: 

 S1, pts who kept the same SSA treatment beyond first PD;  
 S2, pts who switched the SSA with another SSA after first PD.  

Median Progression Free Survival (mPFS) (from the start of first SSA) 
and Overall Survival (OS) have been evaluated using the Kaplan-Maier 
method. 

METHODS  

RESULTS  
In S1 (n=47) and S2 (n=22) groups median age and sex were 58 ys 
(range 29-78) and 59.5% males vs 52.5 ys (range 35-78) and 45.4% 
males, respectively.  
 
We had a pNETs percentage of 34% vs 40.9% in the S1 vs S2 groups, 
respectively.  
 
The most of pts (82.9% in S1 and 86.3% in S2) received PRRT with 
alternate radionuclides (90Y/177Lu). Overall the median number of PRRT 
cycles was 4.2 in S1 and 4.8 in S2 (p=0.09). 
 
In the S1 (SSA beyond PD) group PRRT was associated with OCT in 
74.5% and LAN in 25.5% of pts. In the S2 group (SSA switched with 
other SSA) PRRT was associated with OCT in 27.3% and LAN in 72.7% of 
pts (Table 1). 
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Characteristics S1 (N=47) S2 (N=22) p-value 

Age, median [range] 58 [29-78] 52 [35-78] 0.25 

Genger, n (%) 
    Male 
    Female 

 
28 (59.5) 
19 (40.5) 

 
10 (45.4) 
12 (54.6) 

 
0.27 

Primary tumour, n (%) 
    Pancreas 
    Midgut 

 
16 (34) 
31 (66) 

 
9 (41) 

13 (59) 

 
0.58 

Tumour grade, n (%) 
    Grade 1 
    Grade 2 
    missing 

 
20 (52.6) 
18 (47.4) 

9 

 
14 (70) 
6 (30) 

2  

 
0.20 

Previous surgery of primary 
tumour, n (%)       
    Yes 
    No 

 
 

38 (80.8) 
9 (19.2) 

 
 

19 (86.4) 
3 (13.6) 

 
 

0.57 

SSA pre-PRRT, n (%) 
    Octreotide LAR 
    Lanreotide 

 
35 (74.5) 
12 (25.5) 

 
16 (72.7) 
6 (27.3) 

 
0.87 

Metastatic sites, n (%) 
    Liver 
    Liver + other 

 
7 (15) 

40 (85) 

 
4 (18) 

18 (82) 

 
0.72 

Number of cycles, median (±DS) 4.2 (±1.7) 4.8 (±1.6) 0.09 

Figure 1: Kaplan Maier PFS and OS Table 1: baseline characteristics of patients 
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(H18) - SELECTED FOR POSTER WALKS 
Tumour Growth Rate (TGR) to Monitor Growth/Predict Response to 
Lanreotide Autogel (LAN) Use before, during and after Peptide Receptor 
Radionuclide Therapy (PRRT) in Advanced Gastroenteropancreatic 
Neuroendocrine Tumours (GEP-NETs): Data from PRELUDE 

Prasad VA, Srirajaskanthan RB, Grana CMC, Baldari SD, Shah TE, Lamarca AF, Courbon FG, 
Scheidhauer KH, Baudin EI, Truong Thanh XMJ, Houchard AJ, Bodei LK; 
AUniversitätsklinikum Ulm, Ulm, Germany 
BKings College Hospital, London, United Kingdom 
CEuropean Institute of Oncology, Milan, Italy 
DUniversity of Messina, Messina, Italy 
EQueen Elizabeth Hospital Birmingham, Birmingham, United Kingdom 
FThe Christie NHS Foundation Trust, Manchester, United Kingdom 
GIUCT-Oncopole, Toulouse, France 
HTechnical University Muenchen, Klinikum r.d. Isar, Munich, Germany 
IGustave Roussy, Villejuif, France 
JIpsen, Boulogne-Billancourt, France 
KMemorial Sloan Kettering Cancer Center, New York, NY, USA  

Introduction: 177Lu-DOTATATE is licensed for GEP-NETs. PRELUDE 
(NCT02788578) is the first international multicentre retrospective study with 
central radiology reading to describe LAN with and after 177Lu–PRRT (LAN–
PRRT) in advanced NETs. Aim(s): We report effectiveness data and post hoc 
analyses of TGR as a growth measure/predictive factor of LAN–PRRT 
response. Materials and methods: Analysis of medical records of pts 
receiving LAN and 177Lu-DOTATATE/TOC then LAN only. Pts had 
metastatic/locally advanced G1/2 somatostatin receptor-positive GEP/lung 
NET; progressive disease 6–12 mo before LAN–PRRT; ≥1 LAN injection 8 
wks before LAN–PRRT; continuous LAN during LAN–PRRT; cumulative PRRT 
activity ≥500 mCi. Primary endpoint: progression-free survival (PFS) rate at 
end of last LAN–PRRT cycle (RECIST1.1 central review). Key secondary 
endpoint: objective response rate (ORR; RECIST1.1 central review). TGR 
(%/mo from CT/MRI) was assessed: prebaseline/baseline (T1), baseline/end 
of last LAN–PRRT cycle (T2), end of last LAN–PRRT cycle/last follow-up (T3). 
T1 TGR cut-offs predicting ORR for T2/T3 were derived from ROC curves. 
Results: 24/40 enrolled pts in full analysis set (FAS; GEP-NET n=23, lung-
NET n=1). In the GEP-NET FAS, median LAN exposure: 37 mo. PFS rate and 
ORR: 91.7% [95% CI 53.9;98.8] and 27.3% [13.2;48.2] at last LAN–PRRT 
cycle; 95.0% [69.5;99.3] and 36.8% [19.1;59.0] at last follow up. Mean [95% 
CI] TGR: 0.0% [–1.4;1.5] (T1), –1.6% [–2.7; –0.4] (T2), –0.2% [–1.3;0.9] (T3). 
Optimal T1 TGR cut-offs to predict ORR for T2/T3: 1.18%/0.33% (sensitivity 
0.75/0.83, specificity 0.80/0.83, predicted probability 0.74/0.66, area under 
curve 0.75/0.82). Conclusion: TGR suggested tumour regression during 
LAN–PRRT. Objective response during/after LAN–PRRT was more likely if 
baseline TGR ≥1.18%/≥0.33%. Keywords: lanreotide autogel, neuroendocrine 
tumours, objective response, peptide receptor radionuclide therapy, tumour 
growth rate 

ENETS 2019 – PRELUDE trial

177Lu-DOTATATE/TOC + LAN → LAN alone

G1-G2 SSTR-2++ GEP(23)/Lung(1) NETs

ORR = 27%

Baseline TGR predictive cut-off = 1.18%/0.33%
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7 pts with GEP NETs
177Lu-octreotate 7.4 GBq + CAP 1650 mg/sm/day

• The combination was safe (1 G3 anemia, 1 G3 
thrombocytopenia)

• A randomised trial got started



In 2010 an academic study with 177Lu-Dotatate +

metronomic CAP in pts with SSTR-2 positive and

FDG-positive GEP NET.

Lisa Bodei, Giovanni Paganelli, Chiara Grana



Lambrescu et al., Canc Treat Rev 2017



177Lu-Octreotate-based PRRT + radiosensitizing fluoropyrimidines
in NET patients

25 pts PRRT + c.i. 5-FU

2 pts PRRT + CAP

Hubble et al., Eur J Nucl Med 2010

PRRT + Fluoropyrimidines was safe and well-tolerated for pts

who have previously been treated with 111In-pentetreotide 

However, caution is recommended in patients with bone 

metastases due to a possible higher bone marrow toxicity.



PRRT radiosensitization with 5-FU and epigenetic modifier

Peptide Receptor ChemoRadionuclide Therapy

(PRCRT)

Jin et al., J Nulc Med 2019

SSTR-2 expression and 68Ga-Dotatoc uptake by means of 

western blot and radioligand binding assay

NET cell lines

BON-1 and QGP1

5-FU alone

5-FU + Decitabine or Tacedinaline

Results:

5-FU alone or in combination:

✓ Radiosensitized tumor cells

✓ Upregulated SSTR-2 expression in tumor cells

✓ Increased radioligand binding of 68Ga-Dotatoc to tumor cells



◆ PRRT + SSA 

◆ PRRT + radiosensitizing agents

◆ PRRT + Chemotherapy (double systemic treatment)

◆ PRRT + molecular targeted therapy

Outline



Claringbold et al., Cancer Bioth Radiopharm 2012

35 pts with progressive NET (mainly GEP)

The combination was safe.

The recommended regimen was:

CAP 1500 mg/sm days 1-14 + TEM 200 mg/sm days 10-14

+ 177Lu-Octreotate 7.8 GBq starting day 5, every 8 weeks



Claringbold et al., Cancer Bioth Radiopharm 2012

ORR = 56%
PFS = 31 mo



Hematological toxicity of combined 177Lu-octreotate 

PRRT + CAP+/-TEM chemotherapy in GEP NET patients

Long-term follow-up

65 pts monitored for 5 years:

• 28 PRRT + CAP

• 37 PRRT + CAP-TEM

Kesavan et al., Neuroendocrinology 2014

With a long-term F-up of a median of 36 months

the short-term bone marrow toxicity of PRRT was not

significantly increased by the addition of CAP +/- TEM



Brieau et al., Res Letter 2016

20 pts treated with 177Lu between 2005 and 2013

Delayed G3-4 hem. Tox. in 30% of pts

PRRT beyond alkylating-based
chemotherapy: is it safe?



No difference in tumor/organ dosimetry between
177Lu-Dotatate +/- concomitant CAP-TEM

10 pts PRRT + CAP-TEM

10 pts PRRT alone

Thakral et al., Br J Radiol 2018

Radiation absorbed dose for kidney, liver, spleen, bone marrow

and tumor

No significant difference between the two groups



15 pts treated with 177Lu-Octreotate

+ TEM-CAP (12) or TEM (3)

11 pts received concomitant SSA

Disease control in 38-55% of progressive NETs

Yordanova et al, Clin Nucl Med 2019

PRRT + Chemo in NETs
progressing on PRRT or Chemo alone

All NETs (mainly pancreatic) 

were “high grade” (9 G2/ 6 G3)

or FDG-PET positive (8)



◆ PRRT + SSA 

◆ PRRT + radiosensitizing agents

◆ PRRT + Chemotherapy (double systemic treatment)

◆ PRRT + molecular targeted therapy

Outline
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(O04) - SELECTED FOR Case report 
Controlling Severe Hypoglycemia with Everolimus plus 177Lu-
DOTATATE in Metastatic Insulinoma: Two Cases 

Bernardo YMA, Crona JA, Welin SA, Fröss-Baron KA, Granberg DA, Eriksson 
BA; 
AENETs Centre of Excellence of Uppsala, University Hospital, Uppsala, 
Sweden  

Introduction: Metastatic insulinoma with uncontrolled hyperinsulinemia is a 
therapeutic challenge. A phase I study suggests that everolimus (EVE) + 
177Lu-DOTATATE (PRRT) is a safe and effective treatment in this setting. 
Aim(s): To describe efficacy and side effects in patients treated with 
everolimus + 177 Lu-DOTATATE. Materials and methods: Retrospective 
chart review of patients with metastatic insulinoma treated at the Department 
of Endocrine Oncology Uppsala University Hospital, Sweden. Results: Two 
cases were identified. Case 1. A 37-year-old woman with stage III, grade 2, 
insulinoma. Distal pancreatectomy and splenectomy had been performed. 
Post-operatively hypoglycemia continued and the patient required daily 
glucose infusions. 68Ga-Exendin-4 PET/CT showed liver metastases. Initially 
EVE+STZ+5-FU was given. At progression PRRT was added to EVE. She 
received 5 treatments of PRRT + 5-10 mg everolimus daily. Case 2. A 54-
year-old woman with stage IV grade 2, insulinoma. Ki-67 18%. 1st line therapy 
was initiated EVE+STZ+5-FU. Due to progression 2nd line therapy 
EVE+PRRT was given. Patient received 2 treatment of PRRT + 10 mg 
everolimus daily. In case 1, best result achieved was normoglycemia without 
further anti-tumoral treatment for 12 months.  Patient was biochemically and 
radiologically stable for 8 and 9 months, respectively. In case 2, best result 
obtained was normoglycemia for 9 months, biochemically and radiologically 
stable for 7 months. Conclusion: Everolimus + 177 Lu-DOTATATE could be 
combined. Patient 1 tolerated the treatment well, possibly thanks to 
splenectomy. However, patient 2 had problems with trombocytopenia. The 
presence of bone metastases may have contributed. Keywords: insulinoma, 
hypoglycemia, prrt, everolimus, in combination. 

ENETS 2019

• 2 pts with progressive insulinoma added PRRT to 

EVE 10 mg/day

• It was safe (reported thrombocytopenia in 1 case)



High toxicity for EVE in pts pre-
treated with PRRT and chemo

EVE well tolerated after PRRT

Panzuto et al., Oncologist 2014

Kamp et al., End Rel Cancer 2013

EVE beyond PRRT: is it safe?



CONCLUDING REMARKS

◆ SSA combination with PRRT remains controversial, 

particularly in non functioning NETs

◆ Radiosensitizing monochemotherapy was well defined, 

mainly with CAP

◆ PRRT + CAP-TEM was reported safe and active

◆ Prospective randomised trials comparing single PRRT 

with combination are warranted



European Institute of Oncology, IEO, Milan, Italy

ENETS Center of Excellence for GEP NETs

IEO NET multidisciplinary team


