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SANTA MARIA NUOVA HOSPITAL – IRCCS

REGGIO EMILIA -ITALY

800 beds

Nuclear Medicine-PET Center

 



Nuclear Medicine Department
Reggio Emilia (Italy)

Traditional Nuclear Medicine
• 1 small field gamma camera 
• 1 SPECT
• 1 SPECT/CT

PET Center
• 1 Cyclotron
• 1 PET/CT 

(18F-FDG, 18F-Choline, 
68Ga-DOTATOC)

Nuclear Medicine Therapy
• 8 beds
(16 pts/week)

• 131I 
• 90Y-DOTATOC 
• 177Lu-DOTATOC
• 90Y-Zevalin

 



Towards

“ a personalized medicine”

From
Same Diagnosis

Same Treatment

To
Molecular Diagnosis

Molecular Imaging

Individualized Treatment



FUNCTION/METABOLISM TRACER

Glucose metabolism 18F-fluoro-deoxy-glucose (FDG)

DNA replication/cellular 
proliferation

11C-carbon-thymidine
18F-fluoro-thymidine (FLT)

Protein synthesis, amino acid 
transport

11C-carbon-methionine (MET)
18F-fluoro-ethyl-tyrosine (FET),     etc

Membrane lipid synthesis 18F-fluoro-acetate
11C-carbon-choline
18F-fluoro-choline (FCH)

Hypoxia 18F-fluoro-misonidazole (FMISO)
64Cu-copper-ATSM

Apoptosis 18F-fluoro-annexin V

Angiogenesis 18F-fluoro-galacto-RDG

Reporter genes 18F-fluoro-deoxy-arabinofuranosyl nucleosides

Tumor therapy control 18F-fluoro—uracil (FU)

Receptor binding (estrogen) 18F-fluoro-estradiol (FES)

Receptor binding (somatostatine) 68Ga-gallium-DOTATOC/DOTANOC

PET Radiopharmaceuticals



Somatostatin 

Receptors

Neuroendocrine Tumors (NET) 



NETs
Nuclear Medicine Imaging

(molecular imaging)

Somatostatin 
Analogs

Target

Neuroendocrine Tumors 
expressing somatostatin 

receptors

Mainly
SSTR2

Scintigraphy, SPECT, SPECT/CT with 

• 111In-Octreoscan

PET/CT con 

•68Ga-DOTATOC

•68Ga-DOTANOC

•68Ga-DOTATATE

Methods



111In-Octreoscan

Ileum NET



Octreoscan®: SPECT/CT

Ileum NET

Prof. Giuliano Mariani - Pisa



68Ga DOTATOC PET/CT

Generatore 68Ge/68Ga



68Ga-DOTATOC PET/CT

Multiple Metastases from Bowel NET



Interdisciplinary Discussion
What treatment?

Somatostatin Analogs?

Biological Pharmaceutical?

Chemotherapy?

PRRT?

Surgery

Gastroenterology-

Endoscopy

Pathology

Nuclear Medicine

Oncology

Endocrinology



From diagnosis to treatment

Diagnosis
68Ga

Therapy (PRRT)
90Y / 177Lu

DOTA-TOC



Peptide Receptor Radionuclide Therapy (PRRT) 
Reggio Emilia 2010-2014

PRRT treatments

Start in 2007: 4 PRRT/month

2015: 6 PRRT/week



PRRT 
DOTATER Trial - Reggio Emilia

(NETs, 100 pts, 2 years, ongoing)

0           2              4             6              8           10                   3                       6  

month

Follow up

Laboratory evaluation 15 days interval

Baseline PET 

CT o MR
Interim 

PET

Dosimetry

Laboratory 30 days interval

STOP

PRRT
PET ,

CT /MR

PET ,

CT /MR



177Lu 3D dosimetry for PRRT with 177Lu 

and 90Y in DOTATER protocol: a 

prospective, non-randomized, 

monocenter, phase II trial



Our present workflow
Each patient undergoes a series of 5 SPECT-CT scans of the 
abdomen at 1, 4, 24, 44, 72 h p.i., with the standard clinical 
acquisition protocol for body studies

No particular method for assuring reproducibility of patient 
repositioning in imaging was adopted: patients were positioned 
in supine configuration  with arms raised and placed on a shaped 
pillow.

If any lesions aren’t included in the abdomen, 3 extra SPECT-CT 
scans are acquired at 4, 40, 70h p.i. over thorax or brain.

Dosimetry is performed only once. 

Tandem treatment: 90Y and 177Lu

SPECT/CT acquisition
1h, 4h, 24h, 44h, 72h p.i

optionally

4h, 40h, 70h p.i.



Blood samples 
10’, 40’, 4h, 20h e 44h t.p.i. 

Dose calculation for kidneys, liver and spleen is usually 
performed with a mean dose computation technique 
using the OLINDA/EXM package

Red Marrow toxicity is estimated through the analysis 
of the activity concentration in blood (5 samples 
collected from 1h to 44h p.i.)

Voxel dosimetry of organs  is performed 

exclusively in a selection of cases…

A%
Blood T.A.C.

T.A.C. integral



source

So S1 S2 S3

A  Dose matrix

VoxelMed tool for

voxeldosimetry calculations

VoxelMed developed by Dr. Valentina Ferri, 

ASMN-IRCCS Reggio Emilia
Grassi E, Fioroni F, Ferri V, et al. 

Phys Med 2015 Feb;31(1):72-9. 







General overview of this trial
Unlike the previous trials, DOTATER gives a strong 

importance to dosimetry in the clinical practice

A dose limit to kidneys is set as a total BED value: 

46Gy with no risk factor pts, 28Gy with risk factor

pts.

Kidney BED values for recruited pts mustn’t exceed

the set limit

Red marrow dose mustn’t exceed 2Gy

Dosimetry studies must be performed at worst at 

the second therapy administration to have a 

predictive scope



Dosimetry

Reporting

The dosimetry results

must be reported

before the following

administration of the pt.

A physical report is

included in the medical

record (kidney and red

marrow doses at 

present)

Name surname 

Address



Stressing the tumour dose evaluation

Correlating the therapy response to the 
dose of every target lesion

Evaluating the therapy response with 68Ga-
PET/CT  and correlating the functional data 
with the morphological ones (from CT 
and/or MRI)

Aim: no tumour overtreatment 

no renal toxicity / no blood toxicity

no tumour undertreatment

Advantages: it may be very useful to 
calculate the tumour-to-kidney ratio



Lesion to kidney 

dose ratio
HI D in lesions

pt 2 – lung lesion 1,85 24,15

pt 4 – sternal bone 

lesion
0,38 76,60

pt 8 - liver lesion 1 4,12 23,41

pt 8 - liver lesion 2 4,88 7,67

pt 11 – liver lesion 0,22 22,73

pt 11 - abd lesion 0,18 3,00

pt 12 - liver lesion 0,26 2,75

pt 13 - liver lesion 1 1,01 130,00

pt 13 - liver lesion 2 1,34 13,05

What lesions are to be selected and included 

in the trial?
Up to 5 lesions must be 
identified as target lesions 
....however, which ones are 
the best choice?

Tumour-to-kidney ratios range 
in a wide interval

It seems lesions from the 
same pt have similar 
ratios…however, it is a so 
small sample to lead us to 
accurate conclusions ... 
BUT......

it is enough to stress the need to 

evaluate a variety of lesions in 

the same pt



Clinical and physical know-how 

converging into……

the right time for discussing together….

a summarizing tool to plan the best therapy option…..  

a deeper interest in comparing OAR doses to lesion

doses

these

physicians

are so 

strange 

these

physicists

are so odd 

Physician Angela Physicist Valentina



Clinical and physical know-how 

converging into……

the right time for discussing together….

a summarizing tool to plan the best therapy option…..  

a deeper interest in comparing OAR doses to lesion

doses
these

physicians

are so nice



these

physicists

are so nice



Physician Angela Physicist Valentina



Pt 1 SPECT-CT imaging: lesion 1



Pt 1 SPECT-CT imaging: lesion 2



Pt1:
Real Adm. activity

Scheduled activity

Real Adm. activity

Scheduled activity

Real Adm. activity

Scheduled activity

Pt name

Treat.1 Treat.2 Tr 4Tr 3

Kidney BED RMdose



Interdisciplinary Discussion

What PRRT strategy?

Physicist

Nuclear Medicine 

Physician
Endocrinologist/

Oncologist

How many cycles?

90Y or 177Lu?

What total dose?



Physics properties (LET)

mean range in body tissue

177Lu                                             0.5-2mm

90Y                                                                3-11 mm

•

•

β-
(Mev)

γ 

(Kev)

T1/2
(days)

177Lu 0.49 110-210 6.7

90Y 2.27 2.7



 Inserire istogramma articolo cremonesi 
quarterly

Organs and tumour doses estimates for 
90Y / 177Lu-DOTATATE

Cremonesi M et al QJ Nucl Med Mol Imaging 2010

Estimates of tumour and OAR doses  per unit activity in patient undergoing  PRRT trial 



Ezgi Ilan et al    Journal of Nuclear Medicine, January 2015

Dose  response  of  pancreatic  neuroendocrine tumors 
treated with peptide receptor radionuclide therapy using 
177Lu-DOTATATE

….

The largest tumor reduction was 57% after a total 

absorbed dose of 170 Gy.

Conclusion

The results imply a significant correlation between 

absorbed dose and tumor reduction



Ezgi Ilan et al    Journal of Nuclear Medicine, January 2015

Dose  response  of  pancreatic  neuroendocrine tumors 

treated with peptide receptor radionuclide therapy using 

177Lu-DOTATATE

Tumor <4 cm                                            Tumor >4 cm



PRRT strategy

According to

 Tumor histology and primary site

 Clinical situation

 Lesion size

 Other treatments available



PRRT    59 pts                A. Filice et al J of Oncology 2012
%



PRRT    59 pts                A. Filice et al J of Oncology 2012

%





Pt 2 SPECT-CT imaging: lesion 1



Pt 2 SPECT-CT imaging: lesion 2



Pt2:



Pt 3 SPECT-CT imaging: lesion 1



Pt 3 SPECT-CT imaging: lesion 2



Pt3:



Pt 4 SPECT-CT imaging: lesion 1



Pt4:



Pt 5 SPECT-CT imaging: liver lesions



Pt 5 SPECT-CT imaging: liver lesions



Pt5:



68Ga-DOTATATE PET/CT

M, 73 y: Pancreas NET with liver metastases
2 cycles of 90Y e 4 cycles of 177Lu. Partial response

Pre-therapy Post-therapy



68Ga-DOTATATE PET/CT

M, 56 y: Pancreas NET with liver metastases

4 cycles of 90Y e 2 cycles of 177Lu. Partial response

Pre-therapy Post-therapy



V.R.: pancreas NET with lymph node metastasis

Complete Response after 90Y-DOTATOC 

Pre-therapy Post-therapy



Author Year Radiophar

maceutical

N° Pts. Primary

NET

Response

(%)

CR PR MR SD PD
Waldherr 2001 90Y-

DOTATOC

41 GEP+lung 2 22 12 49 15

Waldherr 2002 90Y-

DOTATOC

39 GEP+lung 5 18 - 65 11

Valkema 2006 90Y-

DOTATOC

58 GEP 0 9 12 61 19

Kwekkeboom 2008 177Lu-

DOTATATE

310 GEP 2 28 16 35 20

Bodei 2011 177Lu-

DOTATATE

51 GEP+lung 2 27 26 27 18

Filice 2012 90Y/177Lu

-DOTATOC

59 GEP+lung 2 40 - 40 18

Vinjamuri 2013 90Y-

DOTATOC

57 GEP+lung - 25 - 47 28

Peptide Receptor Radionuclide Therapy 

(PRRT)



Andrea Frilling et al        Lancet Oncol 2014

Patients with neuroendocrine liver metastases

Rates of 5 year survival by treatment method



PRRT
Toxicity

Risk factors for renal failure

Renal disease

Diabetes

Hypertension



European Journal of

Endocrinology

2015



Don’t forget!!!!!!

Interdisciplinary Discussion

The best technology…. The best 
images….. 

but …

 



goal

… the best treatment for the patient

 



Thanks for your attention

Calatrava Bridge in Reggio Emilia


