
PSMA PET 

Dr Asim Afaq 
Consultant Radiologist 

Ins:tute of Nuclear Medicine 
UCLH 

1st December 2017 



PET in prostate cancer 
PET tracer  Which metabolic pathway 

18F FDG  Glucose metabolism 

11C‐acetate  Lipid metabolism 

11C or 18F Choline  Lipid metabolism 

18F FLT  Cellular prolifera:on 

18F FDHT  Androgen receptor 

68Ga‐bombesin  Gastrin‐Releasing Pep:de Receptor 

11C Methionine  Amino acid transport 

18F NAF  Ca analogue 

18F‐Fluciclovine (FACBC)  Amino acid transport 

68Ga‐PSMA  Prostate Specific Membrane An>gen 



PSMA 

Maurer et al Nat 
rev Urol 2016 

Type II transmembrane protein 

Short intracellular component compared to 
longer extracellular component 

PSMA gene located on short arm chr 11 

1,000-fold over- expression on the cell 
membrane of nearly all prostatic cancer 
cells  



PSMA 



Biodistribu:on 

18F FDG 18F Choline 68Ga-PSMA 18F Fluciclovine 



68Ga‐PSMA PET 

•  68Ga‐PSMA is produced using a 68Ge/68Ga 
radionuclide generator 

•  Inject 1.8‐2.2MBq/kg body weight as an IV 
bolus 

•  PET acquisi:on begins approximately 
60minutes aYer tracer injec:on 

Fendler WP et al EJNMI 2017;44:1014-24 



Safety  

•  Aim: to evaluate the clinical safety profile of the 68Ga‐PSMA (HBED). 

•  Methods: 2 Mul:center prospec:ve studies on 88 pa:ents with newly 
diagnosed or recurrent prostate cancer.  

•  PSMA‐HBED‐CC was administered as 2 MBq/kg body weight. 

•  AE, HR, BP assessment prior to injec:on (baseline); immediately aYer 
injec:on (pos:njec:on); at 1, 10, and 60 minutes aYer injec:on; and 
postscan. 

•  Results: No pa:ents developed hypotension. One pa:ent developed 
transient tachycardia. No pa:ents required medical interven:on for 
cardiovascular disturbances. 

•  Conclusion: 68Ga‐PSMA‐11 is very well tolerated and considered to be 
safe for human applica:on. 

•  Clinical Nuclear 
Medicine, July 2017 



Safety  

•  The radia:on dose to the pa:ents were calculated to be 3 mSv from 
68Ga‐PSMA‐11 PET plus approximately 3 mSv from the low‐dose CT 
(total, 6 mSv) based on a 200‐MBq dose of 68Ga‐PSMA‐11. 

•  ‘Joint EANM and SNMMI procedure guideline for prostate cancer 
imaging’ stated that PSMA PET has an average effec:ve radia:on dose 
of 3 mSv for an administered ac:vity of 150 MBq. 



•  Results: Agreement among all observers was substan:al for T (κ=0.62, 
95%CI 0.59‐0.64) and N (κ=0.74, 95%CI 0.71‐0.76) staging and almost 
perfect for Mb (κ=0.88, 95%CI 0.86‐0.91) staging.  

•  Level of experience posi:vely correlated with agreement for T 
(κ=0.73/0.66/0.50 for high/intermediate/low experience, respec:vely), N 
(κ=0.80/0.76/0.64), and Mc staging (κ=0.61/0.46/0.36).  

•  Interobserver agreement for Mb was almost perfect irrespec:ve of prior 
experience (κ=0.87/0.91/0.88).  

•  Observers with low experience, when compared to intermediate and high 
experience, demonstrated significantly lower median overall agreement 
(54% versus 66% and 76%, p=0.041) and specificity for T staging (73% 
versus 88% and 93%, p=0.032). 





Sensi>vity  Specificity 

68Ga‐PSMA  65.9‐ 80  97‐98.9 

Choline  49.2 ‐ 59  92‐95 

CT  42  82 

MRI  39  82 

Evangelista, L et al Eur. Urol. 63, 1040–1048 (2013). 



BCR Choline Vs PSMA 
•  Choline PET tracers have a detec:on rate ranging from 19‐36% 

when serum PSA is below 1.5ng/mL 

•  n=37, PSMA PET was able to detect all lesions demonstrated on 
Choline PET as well as addi:onal sites of disease, iden:fying 86.5% 
of pa:ents with at least one site of disease characteris:c for 
prostate cancer, compared with 70.3% 
 (Afshar‐Oromieh, A. et al. Eur. J. Nucl. Med. Mol. Imaging 41, 11–20 (2014) ). 

•  N=38, on lesion‐based analysis, (68)Ga‐PSMA detected significantly 
more lesions than (18)F‐fluoromethylcholine (59 vs. 29 respec:vely, 
P < 0.001) 
  Morigi JJ et al. J Nucl Med. 2015 Aug;56(8):1185‐90.   



18F Choline 68Ga-PSMA 



Factors influencing 
PSMA uptake 



J Nucl Med. 2017 Jul;58(7):1081-1087 

• PSA 

• ADT 



BCR PSMA 

•  N=319 pa:ents with BCR 
•  82.8% of PSMA scans posi:ve 
•  Probability of detec:ng disease increased with higher PSA 

levels e.g ‐ 50% likelihood of posi:ve scan at PSA <0.5 and 
60% when PSA was 0.5‐1  Afshar‐ Oromi eh A et al. Eur J Nucl Med Mol Imaging. 2015; 42: 
197–209. 

•  No significant associa:on of posi:ve studies with PSAdt, 
although a tendency towards posi:ve scans with 
unfavourable PSA kine:cs was noted.  

•  Others have shown a significant rela:onship correla:on, 
although less marked than the correla:on with PSA. Ceci F et al. Eur 
J Nucl Med Mol Imaging. 2015;42:1284–1294).  



Nodal staging 

•  Previous studies have shown that up to 98% of lymph node 
metastases from prostate cancer demonstrate very high levels 
of PSMA.  Sweat SD et al Urology. 1998;52:637–40.  

•  In 130 pa:ents with intermediate to high‐risk prostate 
cancer treated with prostatectomy and pelvic lymph node 
dissec:on, Ga‐PSMA was shown to have a sensi:vity of 
65.9% and specificity of 98.9% for lymph node staging. 
Maurer, T. et al. J. Urol.hUp://dx.doi.org/10.1016/j.juro.2015.12.025 (2015).  



BCR salvage lymphadenectomy 

•  LNM were found in 68/179 resected LN fields 
(38.0%) 

•   The specificity of 68Ga‐PSMA HBED‐CC PET 
and morphologic imaging was 97.3% and 
99.1%, respec:vely 

•  However, 68Ga‐PSMA HBED‐CC PET detected 
LNM in 53/68 histopathologically proven 
metasta:c LN fields (77.9%) whereas 
morphologic imaging was posi:ve in only 
18/67 (26.9%)  Rauscher et al JNM 2016 



• N=147  mean  SUVmax  in  this  study  was 12.4  (range  2‐49)  and  
the  SAD was 9.4  mm  (range  1.9‐33.5  mm)     

• Rauscher et al / JNM 2016  - 53/68 positive lymph nodes showed an 
SUVmax of 12.7 (range 2.4‐51.0) with a corresponding node size of 8.3 
mm (range 4‐25 mm). LNs which were suspicious only in CT or MRI, 
presented with a mean size of 13.0 ± 4.9 mm (range, 8-25 mm). 

Size of the lymph nodes? 



• 68Ga‐PSMA imaging led to a reclassification of N staging in 61% of patients 



Small nodes 



When should 68Ga‐PSMA be used ‐ Are 
there guidelines? 

March 2017 





11C‐Choline or 18F‐fluoro‐choline and 68Ga‐prostate specific membrane 
an>gen (PSMA) 

68Ga‐PSMA is a rapidly emerging alterna:ve tracer for assessment of prostate 
malignancy with superior diagnos:c accuracy compared to choline. 

• Evalua:on of high‐risk pa:ents before cura:ve treatment or to evaluate 
equivocal findings such as possible nodal or metasta:c disease in pa:ents with 
prostate cancer where confirma:on or exclusion of distant disease would 
directly influence pa:ent management 

• Suspected recurrence in pa:ents with a rapidly rising PSA and nega:ve or 
equivocal conven:onal imaging where the results would directly influence 
pa:ent management 



Cases 









Case PD 

•  Response 
•  PD 



Case PR 



Case PR 



Mixed response 





Primary tumour evalua:on 



PET/CT, PET/MRI 

•  n=20, prostate cancer diagnosis was easier 
and more accurate on PET/MRI than PET/CT.  

•  Unclear findings on PET/CT were able to be 
clarified on PET/MR, although the laner were 
performed at a later uptake :me (3 hours 
rather than 1‐hour post injec:on) EJNMI 2014;41:887‐897 

•  n=26, PET/MR reliable and accurate when 
compared to PET/CT for node and bone lesion 
detec:on (Freitag et al 2015) 







Pioalls 



Lung cancer 



TCC Right ureter 



Paget’s  Thyroid nodules 



Sarcoidosis 



Coeliac ganglion 



Artefact 

Halo artefact 





 Aim 
•  To assess the impact of 68Ga‐PSMA PET/CT on 
management of prostate cancer in pa:ents 
with biochemical recurrence (BCR).  
 Methods 

•  Documented management plans were 
retrospec:vely reviewed before and aYer 
68Ga‐PSMA PET/CT in 100 pa:ents with BCR 
and change in plans recorded. 



Results 

•  Management changed aYer 68Ga‐PSMA PET/
CT in 39 pa:ents (39%) 

•  23/68 (33.8%) of pa:ents with (RP)  and 16/32 
(50%) of pa:ents treated with (RT) 

•  Posi:ve scan (p < 0.001) and higher PSA 
(p=0.024) were associated with management 
changes 

•  No significant associa:on with management 
change was found with Gleason grade, stage, 
presence of metasta:c disease, PSAv or PSAdt 



Figure 1. Management changes occuring 
at different PSA levels. A greater proportion 
of 
changes occurred with higher PSA levels 
and this was significant (p=0.024). 



Figure 2. A higher PSA velocity was seen 
when a greater proportion of management 
changes occured but this did not reach 
statistical significance (p=0.086). 



Figure 3a The proportion of positive 68Ga‐
PSMA PET/CT at different PSA levels. A 
significantly higher rate of positive scans 
was seen at high PSA levels (p<0.001). 





 Conclusion 
•  68Ga‐PSMA PET/CT altered management in 
39% of pa:ents with BCR 

•  Changes occurred more oYen in pa:ents with 
previous radical radiotherapy treatment, a 
posi:ve 68Ga‐PSMA scan and higher PSA level.  



Clinical impact  
Study  n=  Change in 

management % 
Comments 

Bluemel et al 
EJNMMI 2016 

45  40%   Pa:ents scheduled 
for SRT  

Hope et al JNM 
2017 

150  53%  BCR 

Albisinni et al BJUI 
2017 

131  76%  BCR 

Afaq et al JNM 
2017 

100  39%  BCR 



Future 

•  Clinical trials 

•  Outcomes 

•  Response assessment valida:on 

•  Guidelines 



Current clinical trials (clinicaltrials.gov) 

diagnos:c accuracy 

response 

management change 

novel therapy 



Summary 68Ga‐PSMA PET 

•  Detec:on at low PSA levels 

•  Superior to Choline PET 

•  BCR & High risk pa:ents are indica:ons 

•  Significant impact on management of pa:ents 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