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  Surgery	
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Each tumor requires its 
own tracer�

Probe adjustable 
to needs�

PET/SPECT scan 
to estimate 

receptivity and 
background �

Administration 
of radio-tracer�

During surgery a probe 
is used to detect 

residuals/lymphnodes�



LIMITS	
  OF	
  γ-­‐RGS	
  

140	
  keV	
  photons	
  
è	
  aXenua6on	
  in	
  body	
  ~8cm	
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Long	
  range	
  of	
  gamma’s	
  involve:	
  
•  exposure	
  of	
  medical	
  personnel	
  
•  Background	
  from	
  	
  healthy	
  organs	
  	
  

Difficult	
  to	
  apply	
  in:	
  
•  Brain	
  tumors	
  
•  Abdominal	
  tumors	
  
•  Pediatric	
  tumors	
  	
  



•  Use	
  of	
  β-­‐	
  tracers	
  (electrons):	
  pros	
  
–  Detect	
  electrons	
  that	
  travel	
  ~100	
  6mes	
  
less	
  than	
  γ	
  

–  Tracers	
  with	
  90Y	
  can	
  be	
  used	
  (already	
  
used	
  for	
  Molecular	
  RT)	
  

–  No	
  background	
  from	
  gamma	
  	
  
–  Shorter	
  6me	
  to	
  have	
  a	
  response	
  

»  Smaller	
  administered	
  ac6vity	
  
–  Smaller	
  and	
  more	
  versa6le	
  detector	
  
–  Very	
  reduced	
  effect	
  of	
  nearby	
  healthy	
  
6ssues	
  

–  Reduced	
  dose	
  to	
  medical	
  staff	
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A CHANGE IN PARADIGM 

	
  EXTEND	
  RGS	
  TO	
  MORE	
  
CLINICAL	
  CASES	
  

e-­‐	
  (signal)	
  
 	



E.	
  Solfaroli	
  Camillocci	
  et	
  al,	
  Sci.	
  
Repts.	
  4,4401	
  (2014)	
  



RESEARCH	
  PATH	
  

	
  Probe	
  
Prototypes	
  



Low	
  energy	
  e-­‐	
  detector	
  
p-­‐terphenyl	
  as	
  scin6llator	
  

– High	
  signal:	
  
• LY(pterf)=3LY(Anthracene)	
  

–  Low	
  Z	
  
• Low	
  sensi6vity	
  to	
  photons	
  	
  

–  Small	
  aXenua6on	
  length	
  
• λ=(4.73	
  ±	
  0.06)	
  mm	
  

R.	
  Faccini	
  et	
  al,	
  Proper&es	
  of	
  P-­‐Terphenyl	
  as	
  detector	
  for	
  α,	
  β,	
  and	
  γ	
  
radia&on,	
  IEEE	
  Trans.	
  on	
  Nucl.	
  Sci.	
  	
  2014;	
  61:	
  1483-­‐7	
  

Light	
  
sensor	
  

scin6llator	
  
γ	



e-­‐	
  

Usually	
  unused	
  because	
  
signal	
  aXenuates	
  if	
  
detector	
  too	
  thick	
  
à	
  Not	
  for	
  low	
  energy	
  
electrons	
  

2mm	
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Note:	
  also	
  in	
  case	
  of	
  pure	
  β-­‐	
  emiXers	
  
gamma	
  rejec6on	
  is	
  important	
  because	
  of	
  
brehmsstrahlung	
  



Prototypes	
  
•  Core:	
  cylindrical	
  scin6llator	
  of	
  

p-­‐terphenyl	
  	
  d=2.1mm,	
  
h=1.7mm	
  

•  	
  encapsulated	
  into	
  a	
  PVC	
  ring	
  
to	
  shield	
  it	
  against	
  radia6on	
  
coming	
  from	
  the	
  sides;	
  

•  	
  inserted	
  as	
  a	
  6p	
  inside	
  an	
  
easy	
  handling	
  aluminum	
  
body.	
  

•  	
  A	
  thin	
  black	
  PVC	
  cap	
  makes	
  
the	
  enclosure	
  light	
  6ght.	
  

•  Two	
  op6ons	
  for	
  light	
  
collec6on:	
  
–  Scin6lla6ng	
  fiber	
  and	
  PMT	
  

–  SiPM	
  (SensL	
  B/C-­‐series)	
  
0.4mm thick PVC layer in front �

PVC�

7m
m
�

2.1mm�

CORE�

PMT �

8 Constraints	
  on	
  medical	
  devices	
  apply	
  



Electronics	
  Read-­‐out	
  
Electronics	
  read-­‐out	
  is	
  
portable	
  and	
  customized	
  to	
  
match	
  the	
  surgeon	
  needs	
  
"  	
  acous6c	
  and	
  visual	
  alarm;	
  
"  	
  wireless	
  data	
  transfer;	
  
"  	
  no	
  connec6on	
  with	
  electrical	
  
line	
  (bacteries)	
  
"  	
  user	
  interface	
  available	
  both	
  for	
  
PC	
  or	
  tablet.	
   No	
  Danger	
  of	
  electric	
  discharge	
  on	
  pa6ent	
  



RESEARCH	
  PATH	
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Probe	
  
Prototypes	
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Lab	
  tests	
  (phantom	
  
factory)	
  

•  Measure	
  spa6al	
  sensi6vity	
  	
  
•  Gamma	
  rejec6on	
  
•  Es6mate	
  performances	
  on	
  phantoms	
  
•  Es6mate	
  dose	
  on	
  surgeon	
  

Es6mated	
  dose	
  on	
  surgeon	
  administering	
  3MBq/kg:	
  
1µSv/hr	
  on	
  surgeon’s	
  hands	
  
0.13	
  µSv/hr	
  	
  on	
  medical	
  personnel	
  	
  	
  

E.	
  Solfaroli	
  Camillocci	
  et	
  al,	
  J.	
  Phys.:	
  
Conf.	
  Ser.	
  620	
  012009(2015)	
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Sensi6vity	
  to	
  Electrons	
  

•  Detec6on	
  efficiency	
  on	
  
90Sr	
  point	
  source	
  	
  
–  Rate	
  3.8·∙105	
  cps/MBq.	
  
–  εβ=40%	
  

•  Scan	
  in	
  water	
  	
  
–  Eβ>500keV.	
  
–  Detec6on	
  efficiency	
  

εβ>80%	
  in	
  the	
  β-­‐	
  90Y	
  
energy	
  range.	
  	
  

Scan	
  with	
  different	
  
thicknesses	
  of	
  	
  water	
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Background	
  Rejec6on	
  

90Y in water	



Almost	
  transparent	
  to	
  Bremsstrahlung	
  photons.	
  

ɛɣ<10-3� ɛɣ<10-2 �

60Co Eɣ=1170, 1330KeV           	



137Cs Eɣ=662KeV           	



133Ba Eɣ=80-350KeV           	



Background	
  is	
  mainly	
  due	
  to	
  photons	
  coming	
  from	
  
Bremsstrahlung.	
  

Sensi6vity	
  to	
  photons	
   Bremsstrahlung	
  Eɣ	
  spectrum	
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“Ad-­‐hoc”	
  Phantoms	
  

Tumor residual 
V=0.05ml�

embedded in 
tissue with A/10 �

Motorized	
  scans	
  with	
  S4-­‐Probe	
  

All	
  the	
  possible	
  
configura6ons	
  of	
  
tumor	
  residual	
  
embedded	
  in	
  healthy	
  
6ssue.	
  

To simulate tumor remnant embedded in healthy tissue. �
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Ac6ve	
  Spot	
  Iden6fica6on	
  

False positive probability	



TNR=10	
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Human	
  Factor	
  
To include the human factor in the test	
  colleagues	
  were	
  asked	
  to	
  

simulate	
  the	
  surgeon:	
  

	
  All	
  “surgeons”	
  required	
  at	
  least	
  4-­‐5	
  seconds	
  per	
  posi6on	
  
to	
  	
  take	
  a	
  decision.	
  

Phantoms simulating 
tumor remnants 
embedded in healthy 
tissue with different 
TNRs �
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  PATH	
  

Probe	
  
Prototypes	
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Lab	
  tests	
  
(phantoms)	
  

Iden6fica6on	
  of	
  proof	
  of	
  
principle	
  

Start	
  with	
  exis6ng	
  radiotracers:	
  
Somatosta6ne	
  analogues	
  marked	
  90Y	
  

Meningioma	
  is	
  avid	
  of	
  90Y-­‐DOTATOC	
  
è	
  Able	
  to	
  detect	
  0.1	
  ml	
  residuals	
  

administering	
  only	
  1MBq/kg	
  



RESEARCH	
  PATH	
  

Probe	
  
Prototypes	
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Lab	
  tests	
  
(phantoms)	
  

Iden6fica6on	
  of	
  proof	
  of	
  
principle	
  

Iden6fica6on	
  of	
  first	
  
clinical	
  cases	
  

Start	
  with	
  exis6ng	
  radiotracers:	
  
Somatosta6ne	
  analogues	
  marked	
  90Y	
  

Es6mate	
  sensi6vity	
  
from	
  PET	
  with	
  68Ga	
  	
  

First	
  clinical	
  cases:	
  
•  Glioma	
  (low	
  and	
  high	
  grade)	
  
•  GEP-­‐NET	
  (start	
  from	
  small	
  bowel)	
  



DOTATOC	
  uptake	
  in	
  glioma	
  

•  DOTATOC	
  is	
  a	
  somatosta6n	
  analog	
  è	
  known	
  
recep6vity	
  from	
  NET	
  ..	
  but	
  glioma?	
  

•  Even	
  if	
  TNR	
  too	
  low	
  for	
  therapy,	
  can	
  it	
  be	
  used	
  for	
  
RGS?	
  

•  Use	
  68Ga-­‐DOTATOC	
  PET	
  scans	
  to	
  es6mate	
  signal	
  and	
  
background	
  

18 

ROI	
  defini6on	
  

meningioma	
   HG	
  glioma	
   Non-­‐tumor	
  

F.	
  Collama6	
  et	
  al,.	
  J	
  Nucl	
  Med	
  56	
  (2015)	
  3-­‐8	
  	
  



Glioma	
  vs	
  Meningioma	
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meningioma	
   glioma	
  

Meningioma	
  has	
  a	
  definitely	
  larger	
  uptake,	
  but	
  is	
  the	
  glioma	
  one	
  acceptable?	
  

Use	
  FLUKA	
  simula6on	
  to	
  translate	
  from	
  ac6vi6es	
  to	
  false	
  posi6ve	
  
(FP)	
  and	
  false	
  nega6ve	
  (FN)	
  rates	
  
	
  
Consider	
  a	
  residual	
  iden6fied	
  if	
  FP<1%	
  and	
  FN<5%	
  	
  

TNR	
  of	
  glioma	
  is	
  acceptable	
  if	
  probe	
  can	
  take	
  >~6s	
  to	
  give	
  answer	
  

TN
R	
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F.	
  Collama6	
  et	
  al,.	
  J	
  Nucl	
  Med	
  56	
  (2015)	
  3-­‐8	
  	
  



RGS	
  for	
  meningioma	
  

•  Very	
  large	
  uptake	
  
•  Can	
  inject	
  as	
  low	
  as	
  0.5	
  MBq/kg	
  	
  

* **	
  

*	
  Time	
  needed	
  to	
  detect	
  0.1	
  ml	
  residual	
  if	
  3MBq/kg	
  are	
  administered	
  
**	
  Ac6vity	
  that	
  needs	
  to	
  be	
  administered	
  to	
  achieve	
  1s	
  response	
  6me	
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RGS	
  for	
  glioma	
  

•  Needs	
  to	
  wait	
  for	
  ~6s,	
  but	
  it	
  works	
  
• Margins	
  to	
  improve	
  probe	
  

* **	
  

*	
  Time	
  needed	
  to	
  detect	
  0.1	
  ml	
  residual	
  if	
  3MBq/kg	
  are	
  administered	
  
**	
  Ac6vity	
  that	
  needs	
  to	
  be	
  administered	
  to	
  achieve	
  1s	
  response	
  6me	
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Time	
  Evolu6on	
  of	
  uptake	
  

22	
  

Lab	
  tests	
  
(phantoms)	
  

Iden6fica6on	
  of	
  proof	
  of	
  
principle	
  

Values	
  es6mated	
  from	
  
dosimetric	
  SPECTs	
  with	
  

177Lu-­‐DOTATOC	
  

F.	
  Collama6	
  et	
  al,.	
  J	
  Nucl	
  Med	
  56	
  (2015)	
  1501-­‐6	
  	
  

TNR	
  for	
  liver	
  
NET	
  vs	
  6me	
  	
  

CONCLUSIONS:	
  
-­‐  GEP-­‐NETs	
  (small	
  bowel,	
  insulinoma,	
  …)	
  	
  are	
  a	
  good	
  candidate	
  and	
  similar	
  among	
  each-­‐

other	
  
-­‐  the	
  best	
  SUV	
  and	
  TNR	
  are	
  achieved	
  if	
  surgery	
  is	
  24hrs	
  a�er	
  injec6on	
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Lab	
  tests	
  
(phantoms)	
  

Iden6fica6on	
  of	
  proof	
  of	
  
principle	
  

Iden6fica6on	
  of	
  first	
  
clinical	
  cases	
  

Ex-­‐Vivo	
  tests	
  on	
  
Meningioma	
  	
  

We	
  are	
  here	
  



Ex-­‐vivo	
  test	
  on	
  meningioma	
  

•  PET	
  with	
  Ga68	
  on	
  Sep	
  14th	
  
–  Tumor	
  SUV	
  ~2g/ml	
  (rela6vely	
  
low,	
  but	
  enough)	
  

–  TNR	
  ~	
  14	
  (good)	
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E.	
  Solfaroli	
  et	
  al.,	
  submiXed	
  to	
  JNM	
  

•  8mCi	
  	
  Y90—DOTATOC	
  on	
  
Oct	
  9th	
  

•  Surgery	
  on	
  Oct	
  10th	
  	
  
	
  



The	
  
Samples	
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A	
   C	
  B	
  

E	
   F	
   G	
  



Evalua6ng	
  the	
  samples	
  rate	
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Results	
  
•  Residuals	
  as	
  small	
  as	
  0.2ml	
  are	
  visible	
  
•  Predic6ons	
  with	
  simula6on	
  are	
  reliable	
  (115	
  cps	
  
predicted,	
  105	
  observed)	
  

•  	
  Healthy	
  brain	
  ~1cps	
  (simula6on)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  àalso	
  
infiltrated	
  dure	
  can	
  be	
  iden6fied	
  	
  

27 

+	
  Confirmed	
  very	
  
	
  	
  low	
  exposure	
  of	
  	
  	
  
	
  	
  medical	
  personnell	
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Lab	
  tests	
  
(phantoms)	
  

Iden6fica6on	
  of	
  proof	
  of	
  
principle	
  

Iden6fica6on	
  of	
  first	
  
clinical	
  cases	
  

Ex-­‐Vivo	
  tests	
  on	
  
Meningioma	
  	
  

We	
  are	
  here	
  

Tests	
  on	
  glioma	
  and	
  
GEP-­‐NET	
  

Development	
  of	
  
specific	
  radio-­‐

tracers	
  

Improve	
  probe,	
  
extend	
  to	
  other	
  radio-­‐

isotopes	
  and	
  to	
  
endoscopy	
  



Probe	
  developments	
  

	
  

•  Develop	
  prototype	
  for	
  endoscopic	
  
(laparoscopy/Da	
  Vinci	
  …)	
  use	
  
–  Mul6channel	
  design	
  with	
  p-­‐terphenil	
  

30 

•  Use	
  CMOS	
  technology	
  to	
  lower	
  
energy	
  threshold	
  (with	
  L.	
  Servoli,	
  
INFN	
  PG)à	
  allow	
  use	
  of	
  other	
  
isotopes	
  
–  Matrix	
  design	
  for	
  basic	
  “imaging”	
  
	
  



Extension	
  to	
  other	
  tumors:	
  exis6ng	
  
tracers	
  

31 

Either:	
  

•  Find	
  other	
  applica6ons	
  with	
  
Y90	
  (and	
  somatosta6ne	
  
analogues)	
  

•  Use	
  a	
  tracer	
  marked	
  with	
  one	
  
of	
  the	
  isotopes	
  in	
  the	
  table,	
  
already	
  known	
  in	
  nucl	
  med	
  



Extension	
  to	
  other	
  tumors:	
  new	
  
tracers	
  

•  Collabora6on	
  with	
  Gemelli	
  and	
  
Chemists@Sapienza	
  to	
  develop	
  new	
  
tracers	
  ongoing	
  

•  Radio-­‐nuclides	
  of	
  interest:	
  
	
   	
   	
  Previous	
  slide	
  +	
  	
  

32 Isotopes	
  of	
  the	
  same	
  family	
  as	
  those	
  already	
  used	
  in	
  NM	
  	
  	
  

F18	
  also	
  
being	
  
explored	
  



Current	
  Efforts	
  
Synthesis	
  of	
  new	
  radio-­‐	
  
tradiotracers	
  (with	
  90Y)	
  
•  Monoclonal	
  an6bodies	
  	
  

	
  (NIMOTUZUMAB)	
  for	
  EGFR	
  receptors	
  
•  MIBG	
  

33 
Nucl	
  .	
  Medicine	
  and	
  Chemistry	
   Chemistry	
  and	
  CTF	
  

Development	
  of	
  nano-­‐scale	
  
carriers	
  composed	
  of	
  polymers,	
  
an6body	
  and	
  iXrium	
  

Y	
   AB	
  



Current	
  Efforts	
  (II)	
  
Setup	
  the	
  whole	
  chain	
  for	
  radio-­‐tracer	
  development:	
  

	
  -­‐	
  cold	
  synthesis	
  
	
  -­‐	
  hot	
  synthesis	
  
	
  -­‐	
  in	
  vitro	
  tests	
  
	
  -­‐	
  animal	
  tests	
  
	
  	
  à	
  equip	
  a	
  facility	
  for	
  
	
  	
  	
  	
  	
  	
  	
  animal	
  tests	
  with	
  radioac6vity	
  

è	
  	
  Need	
  imaging	
  capable	
  to	
  measure	
  biodistribu6on	
  of	
  β-­‐	
  
emi�ng	
  tracers	
  è	
  SPECT	
  with	
  Brehmsstrahlung	
  

34 
Nucl	
  .	
  Medicine	
  and	
  Chemistry	
   Chemistry	
  and	
  CTF	
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A	
  NOVEL	
  RADIO-­‐GUIDED	
  SURGERY	
  WITH	
  
β-­‐	
  	
  DECAYS	
  	
  

Basic	
  idea:	
  
	
  no	
  background	
  from	
  gamma	
  allows	
  for	
  

•  Shorter	
  6me	
  to	
  have	
  a	
  response	
  
•  A	
  smaller	
  and	
  more	
  versa6le	
  detector	
  
•  Much	
  reduced	
  noise	
  from	
  nearby	
  healthy	
  organs	
  
•  Reduced	
  dose	
  to	
  medical	
  staff	
  

A	
  transla6onal	
  research	
  involving	
  physics,	
  chemistry,	
  nuclear	
  
medicine,	
  oncology	
  and	
  engineering	
  …	
  

..	
  we	
  s&ll	
  have	
  a	
  long	
  way	
  to	
  go	
  
Riccardo.Faccini@roma1.infn.it	
  


