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A B S T R A C T 

We present a case of metastatic prostate cancer with rare metastases involving the 
brain and orbit, in addition to liver, skeletal and nodal metastases. The patient had 
undergone prior hormonal therapy and chemotherapy and had disease 
progression despite 2 cycles of 177Lu-Prostate specific membrane antigen (177Lu-
PSMA) based radioligand therapy. He had a partial response after 2 cycles of 225Ac-
PSMA based targeted alpha therapy, as demonstrated on the 68Ga-PSMA PET/CT 
study. However, the patient had disease progression at the end of 4 cycles of 225Ac-
PSMA therapy, evident by rising prostate specific antigen levels and imaging 
findings. The end of treatment 68Ga-PSMA PET/CT showed additional sites of 
metastases in the orbit and brain apart from overall disease progression. These are 
rare sites of distant spread in prostate cancer and require urgent evaluation and 
local treatment to prevent potential complications. The importance of detection of 
metastatic sites in closed cavities is because of the requirement for urgent 
intervention to avoid compression related complications.
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Introduction 
   68Ga-PSMA PET/CT is a valuable diagnostic 
modality for initial staging of prostate cancer, as 
well as in recurrence evaluation and treatment 
response assessment. 68Ga-PSMA PET/CT is also 
performed for evaluating potential candidates 
for PSMA-based radioligand therapy or targeted 
alpha therapy. In the present case, 68Ga-PSMA 
PET/CT was useful in demonstrating rare 
metastatic sites involving the brain and orbit, in 
a patient refractory to 2 cycles of 177Lu-PSMA and 
4 cycles of 225Ac-PSMA therapy. The importance 
of detecting orbital and brain metastases on 
PET/CT in this patient, is the additional 
requirement of regional radiation therapy to 
prevent local compression related complications. 
 
 

Case Report 
   A 68-year-old man with metastatic castration 
resistant prostate cancer (mCRPC), involving 
multiple skeletal sites was found to have disease 
progression after docetaxel, cabazitaxel, 
enzalutamide therapy and two cycles of 177Lu-
PSMA radioligand therapy. Figure 1 (A-D) shows 
the temporal sequence of 68Ga-PSMA-HBED-CC 
PET/CT maximum intensity projection (MIP) 
images at various time-points during therapy 
along with the relevant prostate specific antigen 
(PSA) values. The patient was considered for 
PSMA-based targeted alpha therapy and 
underwent 2 cycles of 225Ac-PSMA (each dose: 
100 kBq/kg body weight) at 2-month interval. 
68Ga-PSMA-HBED-CC PET/CT performed for  
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response assessment (Figure 2-A) showed tracer 
avid lesions in the prostate and multiple skeletal 
metastases (without any visceral lesions; Figure 
2-B, C, D) and reduction in tracer avidity of most 
of the lesions with a > 50% decline in PSA (218 
ng/mL to 43.9 ng/mL) and significant 
improvement in pain due to osseous metastases. 
   The patient further received 2 additional cycles 
of 225Ac-PSMA therapy. 68Ga-PSMA PET/CT 
performed after completion of a total of 4 cycles 
of 225Ac-PSMA therapy showed extensive tracer 
avid skeletal lesions and interval appearance of 
new lesions in the brain, involving the left frontal 
cortex (Figure 2-E, H – thick arrow), soft tissue 

lesion in the right retro-ocular location (Figure 2-
F, I – thin arrow) and the segment VII of liver 
(Figure 2-G, arrow-head) with overall scan 
representing disease progression (Figure 2-J). 
Additionally, the PSA values showed a rising 
trend from 43.9 ng/mL to 87.9 ng/mL. Next 
generation sequencing (NGS) performed for 
BRCA1/2 and ATM gene was positive for ATM 
gene mutation. Clinically, the patient did not have 
any neurologic or visual symptoms. The patient 
was advised an ophthalmologic and radiation 
oncology consult in view of the brain and orbital 
metastases.

 

Figure 1. 68Ga-PSMA-HBED-CC PET/CT maximum intensity projection images obtained at baseline (A), with disease 
progression after 2 cycles of 177Lu-PSMA therapy (B). Partial favourable treatment response along with a >50% decline 
in PSA was observed after 2 cycles of 225Ac-PSMA therapy (C). However, after completion of 4 cycles of 225Ac-PSMA, the 
patient had disease progression on imaging, as well as on biochemical analysis (D) 

 

Figure 2. 68Ga-PSMA-HBED-CC PET/CT performed after initial two cycles of 225Ac-PSMA therapy for response 
assessment (A) showing tracer avid lesions in the prostate and multiple skeletal metastases (without any 
visceral lesions; B, C, D). 68Ga-PSMA PET/CT performed after completion of a total of 4 cycles of 225Ac-PSMA 
therapy showing extensive tracer avid skeletal lesions and interval appearance of new lesions in the brain, 
involving the left frontal cortex (E, H – thick arrow), soft tissue lesion in the right retro-ocular location (F, I – 
thin arrow) and the segment VII of liver (G, arrow-head) with overall scan representing disease progression (J) 
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Discussion 
   68Ga-PSMA PET/CT, despite its non-specificity 
to prostate cancer, has shown superior 
diagnostic performance in initial staging of high 
risk prostate cancer, recurrence assessment and 
has shown utility in patient selection for PSMA 
based radioligand therapy (177Lu-PSMA) or 
targeted alpha therapy (225Ac-PSMA) (1–6). The 
common sites of distant metastases include the 
non-regional lymph nodes (common iliac and 
more cranial lymph nodes) and bones 
(predominantly the axial skeleton) followed by 
lungs and liver as the relatively less common 
sites(4). The rare metastatic sites include the 
penis (7), testicles (8), kidneys, gastrointestinal 
tract, spleen, pancreas, thyroid, adrenals, brain/ 
meninges (4) and the orbit (9, 10). Commonly, 
these atypical metastatic sites appear in 
conjunction with an extensive nodal and skeletal 
metastatic disease, as seen in the present case. 
   Mutations in DNA repair genes have been 
associated with resistance to PSMA based alpha-
therapy in prostate cancer (11). ATM is an 
activator of TP53 and acts as a sensor of DNA 
integrity prior to mitosis. Mutations involving 
ATM gene have been seen as one of the most 
common mutations in radioresistant prostate 
cancer and was also observed in our index 
patient (11). The addition of poly (ADP ribose) 
polymerase (PARP) inhibitor, Olaparib to 177Lu-
DOTATATE based peptide receptor radionuclide 
therapy in neuroendocrine tumors, has shown 
improved tumoral toxicity (12). Additionally, 
Olaparib has specific anti-tumor activity in 
patients with ATM and BRCA1/2 gene mutations 
and thus may be beneficial as a combination 
treatment with alpha-therapy in the subgroup of 
patients with these identified genetic mutations 
(11). The expansion of genomics and 
metabolomics in patients with radioresistant 
prostate cancer can help us in identification of 
novel drug targets that may be added as 
combination treatments to improve outcomes of 
PSMA-based beta/alpha therapies. 
   Orbital metastases account for 1-13% of the 
diagnosed orbital tumors. The primary cancer 
sites with orbital metastases include the breast, 
lungs, melanoma, carcinoids, prostate and the 
gastrointestinal malignancies (13, 14). An orbital 
biopsy is commonly performed for confirmation 
of the metastasis, however in patients with 
extensive metastatic disease and a known 
primary, as in the present case, the risks of 
performing a biopsy quite often outweigh its 
potential benefits. Metastatic sites in the brain 
and orbit merit special attention as tumor 
expansion with/ without peri-tumoral edema in 
these closed cavities can quickly lead to 
compression of the vital structures, such as the 

globe and ocular muscles in the former, and the 
brain parenchyma in the latter. These patients 
have a rapid and non-remitting onset of 
symptoms and require urgent decompressive 
measures (13). Despite the extensive systemic 
involvement, as in the present case, the orbital 
and brain metastases need urgent attention to 
preserve the quality of life, including visual 
function and to avoid any rapidly developing 
local complications. Local radiation therapy is 
frequently the mainstay of treatment with the 
goal of achieving local tumor growth control 
(15). Interestingly, significant regression of 
cerebral metastases has been documented using 
177Lu-PSMA and 225Ac-PSMA based therapies 
without any adverse local effects (16, 17). Thus, 
in a patient naïve to PSMA based radioligand or 
alpha-therapy, or with an effective prior 
treatment, 177Lu-/225Ac-PSMA therapies remain a 
viable option for treatment of brain metastases. 
   68Ga-PSMA PET/CT, in the present case proved 
useful in identification of the rare sites of 
metastases in the orbit and brain, enabling a 
prompt referral to an ophthalmologist and 
radiation oncologist, apart from documenting 
disease progression on the current therapeutic 
regimen . 
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