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Abstract The detection of lesions in the context of bio-

chemical recurrence of prostate cancer is a major challenge

for all imaging modalities. Recently, the prostate-specific

membrane antigen (PSMA) is recognized as a novel target

for the PET–CT (positron emission tomography–computed

tomography) imaging of prostate cancer with the tracer
68Ga-PSMA (68Gallium-labelled PSMA), mainly in the

detection of relapses and metastasis. PSMA PET–CT

imaging shows high tracer uptake at the sites of primary

tumor and lymph node, and bone metastasis in direct cor-

relation with aggressiveness and Gleason scores. PSMA

PET–CT seems to be a highly accurate imaging tool for

restaging of prostate cancer patients with biochemical

recurrence, and it proved to be clearly superior in detecting

prostate cancer lesions at low PSA levels when compared

to other methods.
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Introduction

Prostate cancer is the most common neoplasm in men. In

absolute terms, it is the sixth most common type of cancer in

the world and most prevalent in men. In the United States,

220,800 new cases of prostate cancer were estimated in the

year 2015. It is the second leading cause of tumor with the

highest estimate of death, surpassed only by lung cancer and

bronchus [1].

Most prostate tumors consist of localized neoplasia,

which exhibit slow growth rate and require high potential

for cure. However, it is necessary to have sufficiently

accurate methods for diagnosis, detection of local recur-

rence, and lymph node involvement, which entails a more

difficult task for most conventional imaging methods.

There are great expectations for new radiopharmaceuti-

cals emitting positrons to optimize the primary stage, local

recurrence detection, metastasis, and to predict the level of

seriousness of the disease. The prostate-specific membrane

antigen (PSMA) is a marker of prostate cancer, and since its

expression is increased in the presence of metastasis and

tumor recurrence [2], it may represent an important diag-

nostic and therapy tool in treating these patients.

Biodistribution and Pathological Concentration
in Prostate Cancer

PSMA is a type II cell surface transmembrane glycoprotein

with intracellular and extracellular components that are

present in normal prostate tissue, but entailing much larger
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expression (100–1000 times) in primary cancer and the

metastatic lesions [3]. It can also be found outside the

prostate gland, as in the neovasculature of many solid

tumors [4], in the kidney, in some subtypes of bladder

carcinoma [5], pancreas, lung tumors, and schwannomas

[6]. A low level of expression is demonstrated in the small

intestine, proximal tubule kidney, salivary glands, and

brain.

The normal biodistribution of PET–CT with 68Ga-

PSMA consists of intense uptake in kidneys and in the

salivary glands, as well as moderate absorption in lacrimal

glands, liver and spleen, and, of a lesser magnitude, in the

gastrointestinal tract [7•] (Fig. 1). PSMA is concentrated

especially in the proximal small intestine; however, there

may be uptake in other intestinal segments. The absorption

in the colon reflects the PSMA expression in colonic crypts

in populations of neuroendocrine cells or in areas of

physiological regeneration [8]. Usually, no activity is evi-

denced by the gall bladder and bile ducts.

It is also possible to observe concentration of the

radiopharmaceutical in the nasal mucosa, which can be

explained by PSMA expression in tissue regeneration

zones or by a blood pool effect.

PSMA uptake in the celiac ganglion should be carefully

assessed, as it is usually related to physiological concen-

tration and can be mistaken with secondary neoplastic

involvement [9•].

A study carried out by Oromieh et al. [7•] has measured

the average and maximum values of SUV (SUVmean/

SUVmax) in the brain, lacrimal glands, parotid, sub-

mandibular glands, lungs, blood, mediastinum, liver,

spleen, head of pancreas, intestines, and kidneys at 1 and

3 h after injection. The average SUV values showed less

variability than the maximum values. However, the study

itself proposes the use of the maximum SUV value due to

its greater reproducibility between researchers. It was also

possible to observe that malignant suspicious lesions

showed excellent contrast in images taken after 1 h of

injection, even at low levels of prostate-specific antigen

(PSA).

In prostate tumor, PSMA expression generally increases

with the increase in Gleason scale [10], and hence, the

study with 68Ga-PSMA may prove to be helpful to facili-

tate the assessment of metastasis and/or malignant trans-

formation of prostatic tissue. There is an increase in PSMA

expression in advanced stages and in the lesions resistant to

hormonal castration. Several studies have reported that the

PSMA expression levels increase according to the tumor

stage and tumor level [8].

Both the metastatic lesions and the recurrent lesions of

prostate cancer present excellent contrast if compared to

the background radiation, which contributes to the increase

in the detection rate of suspect lesions, even with low

levels of PSA. Some authors believe that the detection rate

increases with the increase in PSA level and the tumor size;

however, it is noted that even small lymph nodes metas-

tasis presents optimum contrast. In addition, 68Ga-PSMA

can detect undifferentiated prostate carcinoma lesions, i.e.,

tumors which produce minimum levels of PSA, despite

multiple metastasis and low initial Gleason score [7•].

Patients presenting PSA\ 1.0 ng/mL may present

negative PET–CT PSMA. However, some studies have

showed that even with PSA below such level, the positivity

rate was about 50 % [11].

Image Protocol

68Ga-PSMA solution should be introduced to patients as

intravenous bolus, whose average activity is 2 MBq/kg

[12•]. Fast or any other kind of preparation is not

necessary.

There are differences between the image protocols,

especially when it comes to the first images. The first

Fig. 1 Normal biodistribution of 68Ga-PSMA showing intense

uptake in kidneys and in salivary glands, moderate level in lacrimal

glands, liver and spleen, and, of a lesser magnitude, in the

gastrointestinal tract, especially the proximal small intestine
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images of the pelvic region can be taken 5 min post-in-

jection (early images), in order to minimize the artefactual

effect caused by radiopharmaceutical accumulation in the

urinary bladder, which could affect the assessment of

possible uptake lesions in the pelvic region [13].

The capture of delayed images until 3 h after the

radiopharmaceutical injection and the use of diuretics can

avoid interference of the urinary bladder activity, opti-

mizing the analysis of lymph nodes metastasis or other

adjacent lesions.

Firstly, computed tomography (CT) is obtained 60 min

after the radiotracer injection [14], with low-dose protocol

and with or without the use of iodinated contrast [12•].

When iodinated contrast is used, the images are obtained

preferably in the portal phase (around 40–80 s after intra-

venous injection of iodinated contrast [14]), followed by

PET screening, covering the surface from the skull to the

proximal third of the lower limbs.

Comparing the high-dose CT with the use of iodinated

contrast, the low-dose CT has been shown to be sufficient

for anatomical localization and characterization of lesions

with concentration of 68Ga-PSMA [14].

Late PET images with 2, 3, or 4 h after injection can

also be obtained in order to assess the possibility of

increase in the concentration of the radiopharmaceutical in

the target lesions. However, PET–CT with 68Ga-PSMA

performed 60 min later has become a standard procedure,

according to the literature published to date, since there is

still a small number of statistically reliable publications

regarding images obtained at different times. A more

detailed analysis is needed with a greater number of

patients in order to demonstrate the importance of images

at different times after injection of the radiopharmaceuti-

cal, including the early images [14].

Clinical Applications of PET–CT PSMA,
and Comparative Assessment of PET–CT Results
with Other Imaging and Perspective Methods

Primary Diagnosis of Prostate Cancer

The transrectal biopsy of prostate neoplasia is guided by

ultrasound (US) directed systematically in different seg-

ments of the gland without the direction of a focal lesion.

This technique has low sensitivity for cancer detection,

since random samples may miss lesions (especially previ-

ous injuries) or present a few fragments of the damage,

only by detecting the low-level portion [15], without

clinical significance, but that requires follow-up and repeat

biopsy.

Biopsy guided by MRI is more accurate in detecting the

lesion, however, the procedure requires the use of

specialized expensive materials, and extended time in the

room. Recently, promising results have been published

with the use of image fusion platforms using MRI and US

for biopsies of specific prostate lesions. To date, there are a

limited number of prospective studies evaluating the cancer

detection rates with the US–MRI image fusion platforms.

Although the merger of US–MRI images has proven to be

of value in patients with previous negative biopsies, the

general use of this technique in the diagnosis of prostate

cancer should only be carried out after some critical

analysis. There is a need for more prospective studies to

assess and validate the technique [16].

Some prostate neoplastic lesions are not detected by

MRI; in these patients it is paramount that further assess-

ment through molecular imaging with PET–CT be carried

out [17]. Some studies have shown good PET–MRI results

in directing biopsies of neoplastic lesions in the prostate.

Eiber et al. assessed 53 patients and compared the diag-

nostic performance of 68Ga-PSMA HBED-CC with PET–

MRI for primary prostate cancer location with multi-

parametric magnetic resonance imaging (mpMRI) and PET

alone. MpMRI, PET, and PET–MRI have detected cancer

in 66, 92 and 98 % of patients, respectively. The study,

therefore, has concluded that PET–MRI PSMA increases

accuracy for localization of prostate cancer if compared to

mpMRI and PET alone [18].

In the assessment of primary prostate tumor, 18F-FDG

has low sensitivity in the detection and, thus, few practical

application. Most tumors are well differentiated and indo-

lent or intermediate, and, therefore, have low attraction to

glucose. Moreover, urinary excretion of 18F-FDG with

accumulation in the bladder and ureters renders it difficult

to assess the prostatic bed and regional lymph nodes [19].

In some specific scenarios, such as in the case of highly

aggressive tumors with Gleason score 9–10 and PSA above

20.0 ng/ml, PET–CT could be indicated.

Primary Staging of Prostate Cancer

In the primary stage, 68Ga-PSMA showed increased

specificity and sensitivity in detecting lymph node, bone

and visceral metastasis, compared to the methods of con-

ventional imaging (CT, MRI, and bone scintigraphy) in

patients with prostate cancer whose primary risk was

intermediate or high. A retrospective analysis of 130

patients with intermediate to high risk prostate cancer, who

underwent radical prostatectomy with lymphadenectomy,

showed sensitivity and specificity of 68Ga-PSMA at 65.9

and 98.9 %, respectively, in lymph node staging [20].

PET–CT with FDG also does not contribute to the pri-

mary staging because it has low sensitivity in assessing

regional lymph nodes due to low uptake, but this fact is

also related to urinary activity. Moreover, metastatic
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osteoblastic lesions cannot likewise present radiopharma-

ceutical uptake [19].

Staging of Recurrent Prostate Cancer

Despite the need for further studies in order to obtain a more

accurate assessment as to their possible indications, most sci-

entific papers highlight PET–CT with 68Ga-PSMA as a

promising imaging method in assessing the restaging of

prostate cancer with biochemical recurrence. Detection of

recurrence even in early stage is possible, also taking into

account the low levels of PSA (\0.5 ng/mL) [5, 14]. It is worth

highlighting that the increase in PSA levels may precede

clinically detectable recurrence in months or years (Fig. 2).

PET–CT with 68Ga-PSMA may show suspicious lesions

with high rates of sensitivity and specificity, and sharp

contrast as regards the areas of physiological uptake

[5, 14], clearly showing to be better than the conventional

imaging methods, especially in assessing lymph node

involvement (Fig. 3).

Fig. 2 Set of images of a 68-year-old patient with status after radical prostatectomy and PSA value of 36.0 ng/mL. Tissue formation identified in

the paramedian position on the left of the seminal vesicles, measuring 1.5 cm, showing radiopharmaceutical uptake (SUVmax = 11.5)
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The PSMA expression does not seem to significantly

change with hormone therapy. It may represent a useful

marker of response/control in patients using anti-andro-

genic drugs.

Rescue radiotherapy in patients with recurrence after

radical prostatectomy is more efficient for serum PSA

values at\0.5 ng/ml [21]. Thus, radiation therapy should

be started as soon as possible. The conventional bone scan

scintigraphy and CT have low detection rates of metastatic

lesions in biochemical recurrence after curative treatment.

So these studies are recommended for symptomatic

patients or those who have PSA levels at[10 ng/mL [22]

(Fig. 4).
18F-choline does not have the ability to identify small

lesions, especially in patients with serum PSA values at

\2 ng/mL [23], and therefore is not generally recom-

mended in the initial stages of recurrence.

Afshar-Oromieh et al. analyzed 78 lesions characteristic

of prostate cancer using 68Ga-PSMA, compared to 56

lesions that were detected in patients undergoing PET–CT

Fig. 3 CT images reveals subcentimetric lymph nodes with corre-

sponding PET and fused PET–CT images showing intense uptake

(SUVmax = 18.2), with high lesion-to-background ratio. Whole-

body maximum-intensity projection displays right common iliac,

right internal iliac, and left external iliac lymph node metastasis with

PSMA uptake
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with 18F-choline, and all lesions evidenced by 18F-choline

were also viewed by 68Ga-PSMA. For the lesions identi-

fied by PET–CT with 68Ga-PSMA, maximum SUV was

clearly higher in 62 of the 78 tumor lesions, and the ratio

of tumor/background radiation was clearly higher in 74 of

the 78 lesions when compared with 18F-choline. There-

fore, PET–CT with 68Ga-PSMA can detect lesions char-

acteristic of prostate cancer with higher contrast when

compared to 18F-choline standard, especially at low levels

of PSA [24].

Eiber et al. assessed the use of 68Ga-PSMA in the

detection of prostate cancer in 248 patients with bio-

chemical recurrence after radical prostatectomy, showing

high detection rates even at low levels of PSA. The

detection rate for PSA at C2.0 ng/ml was 97 %, for PSA

between 1.0 and 2.0 ng/ml was 93 %, for PSA between 0.5

Fig. 4 CT images of a 73-year-old man, with a PSA value of 4.7 ng/ml, showing a sclerotic lesion in the posterior left iliac bone, with an intense
68Ga-PSMA uptake in PET–CT (SUVmax = 20.9)
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and 1.0 ng/ml was 73 %, and PSA at \0.5 ng/ml was

58 %. The detection rate reported for the 68Ga-PSMA was

higher than detection rates for 11C and 18F-choline, which

showed 40–60 % for detection at levels of PSA lower than

3.0 ng/ml [13].

The use of PET–CT with FDG is limited in biochemical

recurrence and will depend on PSA levels. The FDG sen-

sitivity is higher with the increased PSA. The study may

prove to be useful in patients with PSA levels at[4.0 ng/

ml or in most aggressive cases when there is resistance to

hormonal castration.

Other Applications

68Ga-PSMA can also be used in radioguided surgery to

facilitate intraoperative identification of metastatic lesions

which have radiotracer concentration.

In patients with multiple metastasis at advanced stage,

especially hormone resistant castration, the presence of

concentration of 68Ga-PSMA in lesions may indicate tar-

geted radionuclide therapy with 177Lu-PSMA. Some stud-

ies have demonstrated feasibility, safety, and efficacy of

this treatment [25]. Therefore, proper selection and moni-

toring of patients through 68Ga-PSMA PET–CT and

treatment with 177Lu-PSMA apply the concept of

theranostics.

Conclusion

The current literature has shown that PET–CT with 68Ga-

PSMA is a promising tool in the assessment of patients

with prostate cancer, due to the optimal target lesion/

background radiation ratio and high rates of sensitivity and

specificity in detecting lesions, even at low levels of PSA.

Most studies have highlighted the usefulness of PSMA

PET–CT in evaluating patients with biochemical recur-

rence. In this situation this method clearly shows its

superiority over conventional imaging methods. PET–CT

with 68Ga-PSMA shows good results in the initial staging

and post-treatment restaging, even in the presence of anti-

androgenic therapy. Moreover, this radiopharmaceutical

was superior to 18F-FDG and 18F-choline in the same

situation.

When associated with MRI, PET–CT with 68Ga-PSMA

can also aid in surgical planning.

Ongoing studies have shown encouraging results using

PSMA labeled with lutetium-177 for the treatment of

metastatic prostate cancer. However, prospective studies

with larger numbers of patients are needed to assess the

real impact on survival and justify their inclusion jointly

with the other therapeutic options of this neoplasm.
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