




Clinical Results for Diagnosis and Local 
Staging With PET.

Studies investigating the role of PET with FDG in primary
prostate cancer produced disappointing results.

In contrast to other malignancies, most primary prostate
carcinomas show relatively low FDG uptake. Small size,
slow doubling time (2-4 years in most cases) and specifics
of prostate metabolism (see above) might be contributing
factors.





Incidentalomas. 

Occasionally, focal intense tracer uptake can be noted in 
the prostate gland. This can be noted for FDG and has 
also been described for 11C-choline. 

Such findings always require further investigation.

Recommended at least a digital rectal examination and
PSA measurement.





Metastatic Disease

The prevalence of pelvic lymph node metastases corr elates
directly with T stage, serum PSA levels, and histol ogic grade.

Consequently, a high suspicion of lymph node metast ases is based on
the finding of 

1) prebiopsy serum PSA level greater than 20 ng/mL,
2) poorly differentiated tumor on needle biopsy of the prostate
(Gleason score 8-10), or 
3) palpable locally advanced tumor.

In these patients, the probability for nodal metast ases is 30% or
greater. Detection and localization of metastases is  an important
clinical issue in this group of patients, which may  affect patient
management. 

Treatment with curative intent may not be justified
once the cancer has spread to lymph nodes and dista nt sites.



It is generally accepted that FDG-PET has low a sensitivity to be
useful for the diagnosis of lymph node metastases during primary
staging of prostate cancer

FDG also has a limited sensitivity for the detection of osseous 
metastases

11C-acetate PET detected lymph node and bone metastases 
with 100% and 86% sensitivity, respectively

The utility of 11C-choline PET for nodal staging of prostate cancer
before prostatectomy was assessed by de Jong and coworkers.
In 67 patients, lymph node metastases were detected with a 
sensitivity of 80% and specificity of 96%.



PSA  recurrence 

In most cases, recurrent disease presents initially as biochemical
recurrence (BCR), with an increase in serum levels of PSA.

Approximately one-third of patients undergoing radical prostatectomy and
a similar number of patients with radiation therapy will develop
BCR. 

In the majority of cases, this early rise in PSA occurs in isolation
without any symptoms or other objective findings. The clinical
behavior of the patient group is extremely heterogeneous and it is
not unusual for patients to survive for 5 to 10 years with an elevated
PSA as the only evidence of recurrent disease. 

Imaging studies are frequently negative.



Role of conventional imaging  for PSA relapse

Trus  : Not good for local recurrence evaluation

CT  : Not good for local recurrence evaluation

MRI  : Good for local recurrence

For distant metastases especially bone metastases m ost
Urologists favor Bone scan compared to MRI 

The bone scan is the most commonly used test in 
patients with BCR; a survey among urologists reveal ed 
that 70% order a bone scan as part of the workup in  
patients with rising PSA  after radical prostatecto my or 
radiation therapy



Contributions 
by PET for PSA 
relapse 
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Response to therapy and prognostic  value

Treatment Monitoring

Most prostate cancers are dependent on androgen for growth and
metastasis.

Androgen ablation is one of the main treatment modalities in patients who do
not qualify for radical treatment with curative intent and also for many patients
with recurrent or metastatic disease.

In selected cases, chemotherapy is also used.



The current means of assessing the response to hormonal and 
chemotherapy are imprecise and inadequate because changes in tumor 
size are often slow to occur and alterations in PSA levels do not always 
correlate with clinical outcome.

Androgen blockade causes a decline in PSA to undetectable levels, but 
this does not necessarily reflect an improved survival in these patients.

Bone lesions are notoriously difficult to  quantitate on conventional imaging 
studies, and bone scan may actually get worse, even when tumor has 
responded ie, (“flare” phenomenon). Should have baseline study or serial 
studies. 



Changes in tumor metabolism precede changes in tumor volume 
and PSA. 

The decline in tumor glucose uptake also was associated with a 
decrease in the proportion of tumor cells in the active cell cycle

Treatment monitoring  - PET contributions.













Prognosis



The prognostic value of FDG-PET in patients with bone metastases
was addressed in a study by Morris and coworkers.

33 Of a total of 137 of the lesions (in 17 patients), 71% were noted on both PET and
bone scan, whereas 23% were only seen on bone scan and 6% only on PET.

All but one of the lesions noted on bone scan alone remained stable, but all lesions
detected only by FDG-PET showed further progression with positive bone scans
developing at the site on follow-up.

This suggested that FDG-PET might reflect more accurately the tumor biology and
aggressiveness of the disease.
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94 % Grade 1(1 to 6 metastatic foci,with each 
focus less than size of vertebral body)

74% Grade 2(6 to 20 metastatic foci)
68% Grade 3(more than 20 metastastic foci but 

not a superscan ) 
40% Grade 4 (superscan or more than 75% 

involvement of the ribs, vertebra and      
pelvis)   

- Soloway etal 

Grading - 2 year survival



Multiple Metastasis

GRADE II



Multiple Metastasis

GRADE III



SUPERSCAN .

Extensive
Metastases

Kidneys not
visualised.

GRADE IV



MULTIPLE SKELETAL METASTASES

EASY TO DO 

WHOLE SKELETAL 
SURVEY DONE

FREQUENTLY 
USED TO MONITOR 
RESPONSE TO 
THERAPY 



MONITOR THE RESPONSE TO THERAPY

COMPARED TO 
PREVIOUS BONE 
SCAN SOME 
LESIONS HAVE 
DISAPPEARED
AFTER FEW MONTHS
OF FLUTAMIDE 
TREATMENT.







Carcinoma prostate (recurrent), 

post chemotherapy surveillance.



Radiotherapy plan.  



Management Strategies in Pain Syndromes          
Secondary to Bone Metastases 

Analgesics Pharmaceuticals Interventions Radiation

Nonnarcotic 
analgesics

Chemotherapy Surgery Single fraction RT

NSAIDS Hormones Inteventional 
Anesthetics

Multiple fraction 
RT

Narcotic analgesics Steroids Psychological 
support

Wide field RT

Acupuncture Unsealed source
Radiopharmaceuti
cal therapy



Radiation Therapy

Local RT              
Hemibody RT
Whole body RT

Mechanism of action 

Osteoclast inhibition
Reduction in number of viable tumor cells
Removal of tumor from bone enables osteoblastic rep air. 



Duration of palliation

Variable 

In 25% of cases relief starts as early as 48 hours

In 80% of cases single dose of RT achieves pain rel ief 
within 4-6 weeks . 



Upper hemibody RT : 6 Gy single fraction 

Lower Hemibody RT : 8Gy single fraction 

Sequential hemibody RT : Allow 4-6 weeks gap

Side effects :

Nausea, 
vomiting, 
Bone marrow suppression 

Radiotherapy contd..



Brachytherapy 
* Iodine-125 seeds

* Iridium 

External RT to prostate bed

* IMRT  or IGRT 



Indications for Radiopharmaceutical Therapy

Patient has cancer metastasis to bone

Positive bone scan

Bone pain

Recurrent pain in a radiotherapy field.

Multiple sites of pain

Pain in more than one site requiring radiotherapy i n most painful 
site.

Pain in more than one site requiring opiate analges ia.



Radiopharmaceuticals for 
Palliative Therapy

Abbr-HEDP,hydroxyethylidene diphosphonate;EDTMP,ethylenediaminetetramethylene phosphonate ;DTPA 
,diethylenetriaminepentacetic acid

Radionuc-
lide

Pharmac-
eutical

Half life
(days)

Max
Beta MeV

Mean 
beta
E- MeV

Max  
range in 
tissue(mm)

Gamma 
Photon
KeV(%)

Sr 89 Chloride 50.5 1.46 0.583 6.7 _

P 32 Orthopho
sphate

14.3 1.71 0.695 8 _

Re 186 HEDP 3.8 1.07 0.349 4.7 137(9)

Sm 153 EDTMP 1.95 0.8 0.224 3.4 103(28)

Sn 117m DTPA 13.6 (con elect) 0.129
0.153

0.3 159(86)



Radiopharmaceutical therapy.

Since multiple sites of osseous metastases are common and some patients 
have multifocal bone pain, systemic targeted treatment of the skeletal 
metastatic sites offers the potential of pain relief with minimal side 
effects. Radiopharmaceuticals developed for the treatment of painful 
bone metastases use the following radionuclides: 32P, 89Sr, 186Re, 188Re, 
153Sm, and 177Lu .All agents have advantages and side effects. The agents
differ in terms of efficacy; duration of pain palliation; tumoricidal effects; 
ability to repeat treatments; toxicity, and expense. Most studies with 
these agents have been conducted in prostate and breast cancer patients.



“Ideal”Radiopharmaceutical for palliative 

therapy
Selective uptake at metastatic sites relative to normal bone

Rapid clearance from soft tissue and normal bone.

Simple production process

Stable and easy to transport

Cost effective and ready availability

Emax>0.8 MeV and <2.0 MeV

Distribution should be predicted from 99mTc MDP bone images



Contraindications to Radiopharmaceutical Therapy 

Platelet count < 100000(relative)

Platelet count < 60000(absolute)

White count <  2.5x10^6/l

Rapidly falling blood counts 

Evidence of disseminated intra vascular coagulapathy

Impending pathological fracture

Impending cord compression

Less than two months projected survival  

Prior to myelosuppressive chemotherapy

Extensive soft tissue metastases



MECHANISM OF ACTION

The sources of radiation within bone differ with the radiopharmaceutical
used: The metallic chelated radiotracers tend to chemically absorb to the 
trabecular surface, whereas 32P and 89Sr (as the chloride) distribute more 
widely throughout bone. 

Due to the heterogeneity of radiopharmaceutical uptake, tumor and 
marrow distribution, there is variation in dosimetry



32P is a reactor-produced, pure ß-emitting radionuclide

Physical half-life of 14.3 d. 

The maximum and mean ß-particle energies are 1.71 and 0.695 MeV, 
respectively, with the mean and maximum particle range in tissue of 3 
and 8 mm, respectively.

P-32



The response rates were between 59% and 93% for prostate cancer and 
between 52% and 94% for breast cancer, with overall response rates of 
77% and 84%.

Response rate 

Pain palliation occurs within 14 days, with a range of 2 
days to 4 wk.



Strontium is an element that behaves biologically like calcium.

It localizes in bone primarily in areas of osteoblastic activity.
89Sr has a physical half-life of 50.5 d and emits a ß-particle
with a maximum energy of 1.46 MeV and an average soft-
tissue range of 2.4 mm. 

The usual therapeutic dose is 148 MBq (4 mCi).

Sr - 89



Transient increased bone pain (painful flare) may 
occur in the first 2–3 d after treatment. This is usually 
mild, self-limited, and controlled with analgesics.

A flare usually heralds a good treatment response. 

Patients can be retreated after 90 days, though multiple 
therapies may lead to greater marrow toxicity. 



Although the agent is useful for osseous pain palliation, there is no 
survival benefit, even when a dose of 399.6 MBq (10.8 mCi) is used .

However, in patients with androgen-independent prostate cancer and 
severe bone pain , combined treatment with 89Sr and doxorubicin resulted 
in a mean survival of 28 mo compared with 17 mo for patients treated 
with doxorubicin alone. 

The use of89Sr can help reduce the lifetime health-care costs by 
decreasing both the need for radiotherapy and the need for narcotics and
hospitalization.



153Sm, a nuclide with a physical half-life of 1.9 d, decays by 
ß-emission. 

The ß-particle has a maximumenergy of 0.81 MeV, 
a mean energy of 0.23 MeV, and an average soft-tissue 
range of 0.6 mm. 

The ß-ray is accompanied by a 103-keV X-ray, which 
is 28% abundant. 

153Sm is complexed with ethylenediaminetetramethylene 
phosphonic acid to form 153Sm-EDTMP.

Samarium 153 - EDTMP



The distribution of 153Sm-EDTMP is identical to that of bone-seeking 
radiopharmaceuticals such as 99mTc-MDP 

153Sm-EDTMP is usually administered at a dose of 37 MBq/kg 
(1 mCi/kg). An initial dose-escalation study demonstrated dose-limiting 
myelotoxicity, with a maximumtolerated dose of 37 MBq/kg (1 mCi/kg) 

Platelet nadir occurs between days 16 and 45 (median, 28 d). 

Pain palliation occurs in 62%–74% of patients



186Re-Labeled 1,1-hydroxyethylidene diphosphonate (186Re-
HEDP/186Re-(Sn)HEDPor etidronate) and 188Re are investigational 
radiopharmaceuticals for bone pain palliation. 

186Re has a physical half-life of 3.7 d and emits a ß-particle with a 
maximum energy of 1.07 MeV, a mean energy of 0.349 MeV, and an 
average soft-tissue range of 1.1 mm.

Rhenium – 186 HEDP



Sam-153   Post therapy scan shows excellent
accumulation of the isotope.



The chelate 117mSn-diethylenetriaminepentaacetic acid (117mSn-DTPA) is 
an experimental radiopharmaceutical undergoing evaluation for treatment 
of painful bone metastases. 

117mSn, a nuclide with a physical half-life of 13.6 d, decays by isomeric 
transition with emission of the dominant  r -ray at 
156 keV. The  r -ray undergoes conversion and it is the conversion 
electrons that have the therapeutic potential. 

The energetic conversion electrons have a very short range in soft tissue 
(0.2–0.3 mm),

117m Tin –DTPA .



In reported studies, the pain palliation rate is approximately 75%. 

The onset of pain relief is also much earlier than that with the other 
agents. 

At doses of >444 MBq (>12 mCi) (per 70 kg body weight), pain 
palliation has been noted as early as <1 wk after treatment

117mSn-DTPA  contd…



Thank you 


