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Detecting Prostate Cancer

Prostate cancer is one of the most 
common types of cancer – it affects 
some one million men globally. It 
occurs when cells within the prostate 
gland grow rapidly and abnormally 
in comparison to normal cells. As is 
the case with many diseases, early 
detection is vital. Picking it up early 
increases survival rates, improves 
patient outcomes, and helps the 
patient’s family manage the disease. 
The problem is, however, that accurate 
detection of the disease has been, and 
continues to be, a challenge. 

There are a few main types of diagnostic 
techniques that medical professionals 
use. For example, when doctors suspect 
a patient has prostate cancer, they will 
conduct a ‘prostate specific antigen’, or 
‘PSA’ test. This is a test that measures 
relative PSA levels – a chemical made 
by both healthy and cancerous prostate 
cells – in the blood. However, PSA test 
results can be quite unreliable. In fact, 
even those with normal PSA levels 
have been later found to have prostate 
cancer. 

Another diagnostic tool is prostate 
biopsy. A biopsy removes small 
pieces of tissue from different parts 
of the prostate for examination 
under a microscope. The method 
used specifically for prostate cancer 
diagnosis is known as ‘two-dimensional 
transrectal ultrasound’, or ‘TRUS’, guided 
biopsy. In this technique, ultrasound 
imagery is used to guide sampling. 
However, TRUS guided biopsy also has 
limitations. It can be misdirected, and 
thus prone to sampling errors. In other 
words, the samples taken for biopsy 
are not representative of the cancer’s 
severity – or they can even miss the 
cancer altogether. 

So, in summary, there are currently no 
tests available with sufficient accuracy 
to screen men for early signs of prostate 
cancer. Therefore, scientists have been 
working tirelessly to develop better 
tests. One such scientist is Dr Baowei 
Fei, from the University of Texas (UT) at 
Dallas and UT Southwestern Medical 
Center, USA. His goal is to enhance the 
effectiveness of the TRUS guided biopsy 
technique by incorporating sensitive 
‘positron emission tomography’ (PET) 
imagery. 

A NEW TECHNIQUE FOR 
TARGETED PROSTATE 
CANCER BIOPSIES

Two-dimensional transrectal ultrasound (TRUS) guided biopsy 
is the standard method for prostate cancer diagnosis. However, 
the technique is limited in one respect – it can be prone to 
sampling error. Cancers can be missed, or their severity grossly 
underestimated. To address this, Dr Baowei Fei, from the 
University of Texas (UT) at Dallas and UT Southwestern Medical 
Center, is pioneering a technique that merges positron emission 
tomography (PET) with TRUS to detect prostate cancer more 
accurately than before. 

This multimodal approach produces 
detailed images of the prostate, and 
highlights areas of potential cancerous 
growth. With these images at their 
disposal, physicians can target biopsies 
to affected areas. This, in turn, produces 
more representative samples, and 
increases the likelihood of a correct 
cancer diagnosis. 

Establishing the Merits of PET/TRUS 
Guided Biopsy

In research published in 2016, Dr Fei 
and his colleagues reviewed many of 
the current techniques for prostate 
cancer detection. They noted that 
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PET-based techniques can indeed 
provide a lot of information about the 
biochemical behaviour of a cancer. 
They also highlighted that it could be 
used in combination with ultrasound 
to guide biopsy sampling to areas of 
concern. ‘Molecular image-directed, 3D 
ultrasound-guided biopsy represents a 
new trend for the diagnosis of prostate 
cancer and for monitoring of prostate 
cancer,’ they concluded.

To consolidate this, in 2017, Dr Fei and 
a colleague conducted a review of the 
various applications of PET imaging-
directed biopsy. They focused their 
review on cancers in a variety of areas 
of the body, such as the brain, bones, 
breasts, abdomen, pelvis, neck and vital 
organs – as well as glands such as the 
prostate. From that they concluded, 
‘PET-directed biopsy has an increasing 
role in the diagnosis and staging of 
various diseases.’ Why? The guidance 
provided by molecular imagery, they 
noted, has great potential to increase 
the detection rate and improve 
diagnostic accuracy.

PET Molecular Imaging with New 
Radiotracer 

Having proven that PET is effective for 
detecting disease, and especially cancer, 
Dr Fei wanted to hone a PET technique 
for the study of prostate cancer. For 
this purpose, Dr Fei and his colleagues 
needed to find a suitable radiotracer. 
In a medical context, a radiotracer 
is a compound that emits radiation 
from within the body of a patient. After 
adding a radiotracer to a patient’s 
blood stream, for example, doctors 
get a map of metabolic activities and 
patterns. This gives them an insight 
into the tissue under examination at 
the molecular level. They can also add 
these compounds to tumours, glands or 
organs to survey the metabolism within 
them.

Dr Fei and his team selected a 
radiotracer that stood out above 
others – anti-1-amino-3-18F-
fluorocyclobutane-1-carboxylic acid, 
or 18F fluciclovine (shortened to 
fluciclovine). This compound had 
already demonstrated its effectiveness 
in creating detailed PET imagery of 
tumour activity, so it was a natural 
choice for further research. Furthermore, 

fluciclovine can isolate target areas as 
it is taken up more readily by cancerous 
tissue than by normal tissue. 

To understand this process better 
though, Dr Fei and his colleagues 
examined the specific uptake behaviour 
of fluciclovine in the prostate. To do 
this, they introduced fluciclovine to 
two different sets of lesions – those 
that were malignant (cancerous) and 
others that were benign (not harmful). 
After appropriate uptake time, 3D 
imaging techniques were used to map 
the uptake of fluciclovine, and thus 
determine uptake effectiveness in the 
two different lesion types. The team 
confirmed what they has suspected – 
fluciclovine does indeed accumulate 
more readily in areas of cancerous 
growth and is an excellent radiotracer 
for differentiated imaging techniques 
involving cancer in the prostate. 

How Fluciclovine Helps Doctors

In real terms, they now had a sure-fire 
way of differentiating between, and 
producing clear images of cancer-
affected areas using fluciclovine. The 
subsequent biopsy that doctors take, 
therefore, can be guided to the exact 
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site of the tumour. This addresses the sampling errors common 
to other techniques, and therefore decreases the likelihood of a 
cancerous growth being missed. 

More targeted biopsies also provide insight into the cancer’s 
aggressiveness. Suppose a biopsy is taken from an area 
of minor cancerous growth, while an area of significant or 
aggressive growth is missed. The biopsy would still confirm 
that cancer is present. But it would also suggest that the 
cancer is only minor in nature. If the area of significant growth 
had been sampled, on the other hand, physicians would 
have a completely different picture of the disease. This has 
implications for the subsequent management of the disease, 
and thus, patient outcomes. So, Dr Fei’s PET/TRUS technique is 
not just about detecting whether or not cancer is present, but 
rather, getting a full picture of its progression. 

Having selected a robust and powerful technique, the question 
was – could PET be incorporated with TRUS to produce better 
imagery of the prostate, and guide biopsy sampling to areas of 
potential cancerous growth, in a real-world setting? Dr Fei and 
his team set out to investigate this question by way of a clinical 
trial. 

PET/TRUS Guided Biopsy Proves to Be Effective

The purpose of the clinical trial was to see if using a PET scan 
and transrectal ultrasound (TRUS) guided biopsy together 
would detect prostate cancer more accurately than the 
standard 2D approach, which uses TRUS only to guide the 
biopsy. 

In the trial, which Dr Fei and his team conducted in 2015–2017, 
the 21 participants were first injected with a solution containing 
the radiotracer fluciclovine. The patients then underwent 
abdominal and pelvic scans using PET. Next, an ultrasound 
probe, of about 2.5 centimetres in diameter, was inserted 
into the rectum of each patient. Using special apparatus, a 
3D ultrasound image was then acquired from each patient’s 
prostate. 

However, when the ultrasound image was processed and 
combined with the original PET scans, Dr Fei and his colleagues 
could produce incredibly detailed 3D images of the prostate. 
And, most importantly, areas of suspected cancerous growth 
were clearer than ever. In fact, based on these composite 
images, the researchers could categorise suspicious regions as 
being 3 (equivocal), 4 (medium) or 5 (high), with regard to their 
potential to be cancerous. The team then guided the biopsy 
needle to these suspicious areas. They then processed these 
samples histologically for pathological examination. 

The research team identified a total of 50 suspicious lesions 
with fluciclovine PET for the 21 patients involved in the study. 
The likelihood of a positive result using the TRUS guided 
biopsies that followed increased when the ‘suspicious level’ 
of the PET identified lesions increased (based on the team’s 
categorisation system discussed above). In other words, 
cancerous growths, especially those that had been identified 
as more significant, were more readily detected when PET 
targeting was used in conjunction with traditional TRUS guided 
biopsy. 

In summary, their method for targeted biopsy detected 
cancerous growth in 47.6% of patients, as opposed to 28.6% 
where typical biopsy methods were used. This increase in 
cancer detection rates was also achieved using fewer samples. 
This too is a significant result as their technique may reduce the 
time needed to treat patients and limit damage done to healthy 
tissue. Not only that, this study was the first-in-human trial that 
used PET imaging to direct 3D ultrasound-guided biopsy of the 
prostate. All round, the research was a great success. 

Improving Outcomes for Patients with Prostate Cancer

Many different diagnostic tools are used to detect prostate 
cancer, such as PSA tests and standard TRUS guided biopsy. 
However, each one has limitations and many cancers are 
missed, or their severity is grossly underestimated. As a result, 
scientists and physicians are working to improve current 
diagnostic techniques. Dr Fei has been investigating the merits 
of PET, combined with the traditional TRUS method, as a more 
targeted method for prostate biopsy. His team’s technique 
utilises an effective PET radiotracer, namely, fluciclovine. Other 
radiotracers, such as 68Ga-PSMA, can also be used by this 
innovative technology. 

Dr Fei’s technique essentially combines high-sensitivity PET 
imagery with real-time information from ultrasound for 
improved cancer detection. A recent clinical trial, conducted by 
Dr Fei and colleagues, has demonstrated that this composite 
PET/TRUS guided biopsy method is more effective in terms 
of retrieving a representative sample, and making a correct 
diagnosis for prostate cancer, than the currently used TRUS-
only technique. 

As was noted at the outset, prostate cancer affects millions 
of people and has devastating effects on sufferers and their 
families. Of course, a complete cure for the disease is extremely 
sought after. In the meantime, however, improved diagnostics 
and early detection can improve patient treatment, and thus 
survival rates. By combining PET with the traditional TRUS 
guided biopsy method, Dr Fei and his team are working to 
improve prostate cancer detection, thus increasing the chances 
of a correct diagnosis. 
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