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Abstract
Background Biopsy is considered the gold-standard technique for prostate cancer diagnosis and is
recommended in patients with a high clinical indication of prostate cancer. In this study, we aimed to
determine the diagnostic e�cacy of a novel positron emission tomography (PET)/computed tomography
(CT)-guided percutaneous trans-pararectal space-based approach to targeted prostate biopsy.Methods
PET/CT-guided percutaneous trans-pararectal space prostate biopsies were performed in 14 consecutive
patients with indications of prostate cancer. Whole-body 18 F-FDG PET/CT indicated the presence of 18
F-�uorodeoxyglucose (FDG)-avid focal prostate lesions. Two tissue specimens were obtained from each
patient. The �nal diagnoses were established based on the results of a histopathological analysis and
clinical follow-up, and these �ndings were used to verify the diagnostic accuracy of 18 F-FDG PET/CT for
prostate cancer.Results The diagnostic accuracy of 18 F-FDG PET/CT for prostate cancer was 81.8%.
Further analyses of the two biopsied samples per patient led to con�rmed histopathological and
immunohistochemical diagnoses of prostate cancer in all 14 patients. Consequently, the success rate of
PET/CT-guided percutaneous trans-pararectal space prostate-targeted biopsy for the diagnosis of
prostate cancer was 100.0% (14/14). Regarding safety, the average duration of biopsy was 20 min, and
no serious complications occurred.Conclusions PET/CT-guided percutaneous trans-pararectal space
prostate biopsy may yield a new approach to targeted prostate biopsy for the diagnosis of prostate
cancer. Moreover, this biopsy procedure can be performed safely without complications, and is more cost-
effective than conventional trans-rectal and trans-perineal prostate biopsy methods.

Background
Prostate cancer is an important cause of morbidity and mortality in men worldwide [1]. In China, the
incidence of prostate cancer has been increasing by approximately 12% annually. However,
approximately 70% of patients present with locally advanced or extensively metastasised prostate cancer
at the time of diagnosis [2-3]. Historically, trans-rectal ultrasonography (TRUS) of the prostate has
remained the cornerstone of prostate cancer diagnosis since the period of systematic ‘sextant’ biopsy of
suspected prostate malignancy, wherein 3 cores are obtained from each side of the prostate [4-6]. In men
undergoing an initial prostate needle biopsy consequent to an elevated serum prostate-speci�c antigen
(PSA) level, systematic 12-core TRUS-guided prostate biopsy yields cancer detection rates of 28–52% [7-
13]. The systematic sampling of all prostatic quadrants improves the accuracy of sampling. However,
this method has been criticised for its oversampling of insigni�cant tumours, the risk of additional
morbidity and the need for general anaesthesia.

Compared with traditional biopsy protocols such as systematic 12-core TRUS-guided biopsy,
multiparametric magnetic resonance imaging (MRI)/ultrasonography-guided biopsy yields more re�ned
diagnostic information [14-16]. The minor complications of the trans-rectal and trans-perineal biopsy
procedure include haematuria, rectal haemorrhage, haemospermia, vasovagal attack, and pathogenic
infection. TRUS-guided prostate biopsy is associated with additional major complications, including
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sepsis, bleeding or other complications requiring hospitalisation. More importantly, an increased risk of
life-threatening septic shock was reported with trans-rectal biopsy [17].

Therefore,  a safer and more effective algorithm for the diagnosis of prostatic diseases should be
explored. Recent advancements in molecular imaging techniques (positron emission tomography
[PET]/computed tomography [CT], PET/MRI) have led to the development of several new high-speci�city
probes for the diagnosis of prostate cancer and may play a crucial role in facilitating the management of
prostate cancer at all clinical stages [18-20]. In our previous study, we proved the e�cacy of PET/CT-
guided targeted biopsy for the evaluation of advanced lung cancer with metastatic bone lesions, for
surveillingthe surveillance of molecular subtype switching of in metastatic breast cancer cells and
identifying the identi�cation of bone marrow involvement in newly diagnosed cases of lymphoma [21-
22].  However, no studies have examined the utility of PET/CT-guided targeted biopsy for prostate
pathologies. In this study, therefore, we evaluated the safety and e�cacy of PET/CT-fusion-guided
percutaneous trans-pararectal space prostate biopsy for the diagnosis of prostate cancer.

Methods
Patients

A retrospective review of our electronic database comprising 14 patients (age range, 52–78 years; mean
age, 69.0 years) identi�ed who were retrospectively enrolled in our study. Among which, 13 patients had
indications of prostate cancer based on an elevated PSA level, abnormalities detected during a digital
rectal examination (DRE), abnormal imaging �ndings or a combination thereof. One patient underwent
prior treatment for prostate cancer. All 14 patients underwent 18F-�uorodeoxyglucose (FDG) PET/CT
scans. The diagnoses of prostate cancer were con�rmed via histopathological examination or evidence
of prostate cancer detected during a clinical and imaging follow-up 12 months after the initial PET/CT
examination.

 

PET/CT and image interpretation

The patients were asked to fast for at least 4 hours before undergoing 18F-FDG PET/CT to ensure a
normal blood glucose level (70–120 mg/dL) before the intravenous injection of 18F-FDG. Each patient
received an intravenous injection of 370–666 MBq (10–18 mCi) of 18F-FDG. Data were acquired using a
PET/CT system (Discovery STE; GE Medical Systems, Milwaukee, WI, USA) at 45 min post-injection. The
following procedure was used to acquire data First, a CT scan was performed from the head to the pelvic
floor, using the following settings: 110 kV, 110 mA, tube rotation time of 0.5 s, and 3.3-mm scan section
thickness. These settings were matched to the PET settings. Immediately after the CT scan, a PET scan
was performed to obtain a transverse field of view identical to that obtained by CT. The acquisition time
was 3 minutes per table position.
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Based on our previous knowledge of the normal biodistribution of 18F-FDG, the malignant prostate cancer
lesions were identi�ed as foci exhibiting increased tracer accumulation relative to the cancer-free
contralateral structures and surrounding soft tissues. The lesions were graded qualitatively as definitely
or probably abnormal (i.e., representative of a tumour) if a moderate to marked increase in the
accumulation of 18F-FDG was observed. A diffused, mild increase or no increase in tracer accumulation
(i.e., abnormalities identified by CT for which no corresponding abnormality was visualised by PET) was
indicative of pathologically normal or benign tissue.

 

PET/CT-fusion-guided percutaneous trans-pararectal space prostate biopsy

On the day after the whole-body PET/CT scan, a board-certi�ed interventional radiologist and nuclear
medicine physician performed the prostate biopsies in a PET/CT suite dedicated to biopsy procedures.
PET/CT-guided prostate biopsies were performed in a stepwise manner under aseptic conditions, with the
patient in a prone position. A local anaesthetic agent, lidocaine, was administered subcutaneously via
the buttocks. An 18-gauge biopsy needle (Magum, Bard, AZ, USA) was introduced in a stepwise manner
under the guidance of PET/CT fusion and CT imaging via a percutaneous trans-pararectal space
approach, without damaging the rectal wall or skin of the perineum. Two prostate tissue specimens was
obtained from each patient and were subjected to subsequent histopathological and
immunohistochemical examinations. The PET/CT-fusion-guided percutaneous trans-pararectal space
prostate biopsy approach is shown in detail in Figure 1. Representative 18F-FDG PET/CT images of
patients undergoing prostate needle biopsy are shown in Figures 2 and 3.

 

Synchronised multiple organ biopsy

Of the 14 patients in the electronic database, synchronous pulmonary lesions were detected in 3 patients,
hypermetabolic bone lesions were observed in 3 patients, a retroperitoneal mass was detected in 1 case,
and an renal mass was found in 1 patient incidentally. These 8 patients underwent PET/CT-guided
percutaneous biopsies targeting the 18F-FDG-avid regions.

 

Clinical and imaging follow-up of the prostate lesions

All biopsy results were con�rmed histologically or clinically, and a �nal diagnosis was made for all
patients. For prostatic lesions which were pathologically not indicative of malignancy, clinical and
imaging follow-ups were performed for at least 12 months after the PET/CT examination.
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Statistical analysis

The diagnostic accuracy rate of PET/CT and the diagnostic success rate of prostate biopsy were
determined based on the number of con�rmed cases, rather than the number of lesions.

Results
Diagnostic accuracy of 18F-FDG PET/CT for identifying malignant prostatic lesions

The diagnostic accuracy of 18F-FDG PET/CT was determined by histopathological examination or based
on other clinical evidence. The 18F-FDG PET/CT scans of 14 patients of prostatic lesion led to the
identi�cation of 9, 0, 3, and 2 cases with true positive, false negative, true negative, and false positive
results, respectively. The latter 2 cases were subsequently identi�ed as chronic prostatitis and
granulomatous prostatitis. The diagnostic accuracy of 18F-FDG PET/CT for the detection of prostate
cancer was 81.8% (9/11; Table 2).

 

Diagnostic accuracy of PET/CT-guided prostate biopsy for identifying malignant prostatic lesions

The diagnostic accuracy of PET/CT-guided prostate biopsy for prostate cancer was determined according
to a histopathological examination or further clinical evidence. The histopathological analysis of PET/CT-
guided prostate biopsy specimens con�rmed the diagnosis of prostate cancer in 9 cases and of benign
lesions in 5 cases.

Of the 5 patients with benign lesions, 1 patient had undergone multiple prostate biopsies at our hospital
because of an elevated PSA level since 2013 but received biopsy results that were negative for prostate
cancer. Each time, the patient’s PSA level decreased after symptomatic treatment, and eventually a
negative result was achieved after 6 years of follow-up. Another patient was infected with human
immunode�ciency virus. Because the histopathological analysis of the prostate biopsy yielded negative
results, special staining and molecular detection techniques were applied. Acid-fast staining of the
specimen revealed bacteria, and a polymerase chain reaction assay indicated the presence of
tuberculosis-associated genes. The prostatic lesion was attributed to mycobacterial infection. Although
18F-FDG PET/CT incidentally detected hypermetabolic nodules in the prostate of the 6th and 7th patients,
the serum PSA level and DRE evaluations did not suggest malignancy, and the results were similar to
those detected in the second year of follow-up. The 8th patient underwent PET/CT-guided biopsy because
of an increased PSA level, but the results were negative for prostate cancer. Similar results were obtained
with subsequent TRUS-guided prostate biopsy. The patients were followed for 1 year after biopsy. The
diagnostic success rate of 18F-FDG PET/CT-guided percutaneous trans-pararectal space prostate biopsy
was 100.0% (14/14; Table 3).

 



Page 6/15

Multiple primary tumours in patients with prostatic lesions

Simultaneous PET/CT-guided biopsies of the prostate and other organs were performed in 57.1% (8/14)
of the patients with prostatic lesions. The incidence rate of multiple primary tumours was 28.6% (4/14).
The patients’ characteristics are summarised in Table 1.

 

Biopsies of primary prostate and bone lesion

Simultaneous PET/CT-guided prostate and bone lesion biopsies were performed in 28.6% (4/14) of the
patients. Histopathological examinations con�rmed the presence of metastatic bone lesions in patients
with prostate cancer (Table 1). 

 

Complications of targeted prostate biopsy

Each targeted prostate biopsy required an average of approximately 20 minutes. Slight bleeding and pain
were experienced by almost all patients who underwent the biopsy. However, no serious complications
were noted. Moreover, no complications associated with rectal puncture injury occurred in the patients
who underwent prostate biopsy (Table 4).

Discussion
According to the 2015 Annual Report of the National Central Cancer Registry (China), the overall
incidence of prostate cancer was 7.1/105 individuals in 2011. Accordingly, prostate cancer was the ninth
most prevalent cancer overall, and seventh most prevalent among men [23]. However, the majority
of patients with prostate cancer were diagnosed at an advanced disease stage. Early diagnosis is a key
driver of improved survival among men with prostate cancer in China. Organ-con�ned prostate cancer at
the time of diagnosis is associated with a good prognosis and a favourable response to curative therapy
[24]. Conversely, metastatic prostate cancer is associated with a poor prognosis, and skeletal metastasis
is associated with a 5-year survival rate of <30% [25].

In the present study, 13 patients presented with indications of prostate cancer, including an elevated PSA
level and/or abnormal digital rectal examination and/or imaging �ndings. One patient had been treated
previously for prostate cancer. According to the 18F-FDG PET/CT �ndings, 6 patients (66.7%) with
prostate cancer had skeletal metastases, and 1 patient (11.1%) presented with a tumour that was no
longer organ-con�ned and had invaded the bladder. The incidence rate of multiple primary tumours
among patients with prostate cancer was 28.6% (4/14). 

Improvements in cancer care have been linked closely to advances in imaging technologies, as these
improvements enable a more accurate diagnosis, staging, and surveillance of disease. PET/CT recently
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emerged as a promising diagnostic imaging platform for both primary and recurrent prostate cancers
[26]. In addition to 18F-FDG, routine clinical imaging procedures use various radiolabelled tracers [e.g., 18F-
choline,18F-NaF, 68Ga-prostate-speci�c membrane antigen (PSMA), 68Ga-DOTATATE, 18F-FACBC] with
demonstrated e�cacy for cancer diagnosis in various clinical settings [26-27]. Newly developed tracers
exhibit increased accuracy for the detection of small, incipient metastatic foci [28-29]. Improvements in
MRI techniques, and particularly in functional imaging, have enabled radiologists to play an important
role in the risk stratification and management of patients [30-32].

18F-FDG PET/CT is primarily useful in the diagnosis and staging of prostate cancer because it combines
the metabolic information of PET with the anatomic information of CT. Moreover, whole-body scanning
facilitates the detection of primary tumours in multiple organs. Additionally, 18F-FDG PET/CT can
accurately diagnose cancer recurrence. In this study, prostate cancer was con�rmed via histopathological
examinations in 9 of 14 patients, whereas the remaining 5 patients had benign lesions (including 2
misdiagnoses of prostate cancer). The diagnostic accuracy of 18F-FDG PET/CT for prostate cancer was
81.8% (9/11). Of the 14 patients, we detected multiple primary tumours that were con�rmed
pathologically as prostate cancer in 4 patients (28.6%). One of the 9 patients exhibited a tumour
recurrence and metastatic bone lesion on 18F-FDG PET/CT, which was eventually con�rmed as prostate
cancer.

Despite the enthusiasm surrounding the use of PET and MRI for diagnosing prostate cancer, prostate
biopsy remains the gold-standard diagnostic option. Prostate biopsies have been used to diagnose
prostate cancer since the beginning of the last century [5-6]. Ideally, prostate biopsy should be minimally
invasive with few side effects, and should identify a large proportion of men who would bene�t from
treatment while minimising the identi�cation of men with clinically insigni�cant cancer to prevent over-
treatment. Although the optimal method of prostate biopsy remains controversial, TRUS-guided biopsy is
the most widely accepted method for the diagnosis of prostate cancer. Greyscale TRUS has a low
sensitivity and speci�city for prostate cancer detection, and some studies reported low detection rates for
saturation prostate biopsy via the trans-rectal or trans-perineal route (21.7–45% [33-36] and 22.7–42.2%,
respectively [37-39]). Despite the advantages of TRUS-guided prostate biopsy, its invasive nature and
rectal approach could potentially cause complications. Infectious complications ranging from
asymptomatic bacteriuria to septic shock may occur during TRUS-guided prostate biopsy via the
manipulation of infected prostate tissue, which also increases the risk of introducing the rectal �ora into
the prostate tissue, urine, and blood.

Here, we introduce a novel approach to prostate biopsy, namely 18F-FDG PET/CT-guided percutaneous
trans-pararectal space prostate biopsy. PET/CT is a widely accepted modality for detecting prostatic
lesions and identifying cancer recurrence and metastasis, particularly when conventional imaging
�ndings are equivocal or con�icting. PET/CT also increases the choice of biopsy location, which can
increase the associated accuracy and safety.
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Besides the primary lesion, PET/CT also enables the biopsy of other metabolically active lesions, such as
metastatic bone lesions that cannot be detected using conventional imaging methods. In such cases,
PET/CT-guided biopsy allows the sampling of multiple hypermetabolic lesions, thereby reducing false-
negative or false-positive biopsy rates. In our study, PET/CT-guided biopsies were performed in 14
patients with indications of prostate cancer based on PET/CT images. The 4th patient in our study
underwent prostate, lung, and iliac bone biopsy under PET/CT guidance, despite the lack of apparent
bone morphological changes on a CT scan. The histopathological analysis revealed that both the
prostatic and pulmonary lesions had originated from the primary prostate tumour, whereas the bone
lesions had metastasised from the lung lesion rather than the prostate tumour.

Before performing PET/CT-guided percutaneous 18F-FDG-avid target biopsy, we selected the optimal
puncture site based on the target location to ensure a favourable biopsy success rate and the optimal
needle path to minimise trauma. When selecting the target location, the site with the highest metabolic
18F-FDG accumulation among all focal hypermetabolic prostate lesions was selected �rst, as such
lesions would more likely represent the true cancer grade and would thus affect the clinical classi�cation,
staging, and prognosis. Other visible but controversial lesions were targeted thereafter.

The optimal needle path is extremely important when aiming to avoid puncturing the nearby blood
vessels, spinal nerve trunk, and other vital organs. In our study, we chose the anatomically safer trans-
pararectal space, rather than the trans-rectal or trans-perineal approach. This option can avoid the
damage to the rectum or perineum associated with a conventional biopsy path, and may minimise the
occurrence of complications. Altogether, we considered these factors to ensure a safe, feasible, and
effective prostate biopsy procedure. 18F-FDG PET/CT-guided percutaneous trans-pararectal space
prostate biopsy is the third prostate biopsy technique worldwide that can accommodate all these factors
simultaneously. This novel method can reduce the false-negative or false-positive rate and is a relatively
safer and more effective way to obtain a pathological diagnosis.

In our study, a correct biopsy-assisted diagnosis was made on all cases. The diagnostic success of 18F-
FDG PET/CT-guided percutaneous trans-pararectal space prostate biopsy was 100.0% (14/14).
Simultaneous PET/CT-guided targeted biopsies of the prostate and other organs were performed in 57.1%
(8/14) of the patients. Finally, histopathological examination con�rmed the presence of primary prostate
lesions in 4 patients. In summary, 18F-FDG PET/CT-guided percutaneous trans-pararectal space prostate
biopsy mitigates the issue of trans-visceral puncture trauma by accurate biopsy, and enables a
pathological diagnosis from a smaller tissue volume. Moreover, the ability to biopsy other organs
simultaneously provides additional diagnostic possibilities, thus avoiding an unnecessary diagnosis or
over-treatment.

Our study had several limitations. First, the small sample size might have limited the statistical
signi�cance of the results. Second, 18F-FDG PET/CT is associated with some disadvantages. For
example, small tumours might remain undetected because of partial-volume effects, which would cause
falsely low measurements of the true 18F-FDG activity level. Moreover, 18F-FDG frequently accumulates in
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areas of in�ammation. However, physiological variants and benign pathological causes of 18F-FDG
uptake can be recognised speci�cally and categorised properly using other approaches. Accordingly, we
will evaluate the e�cacy of 68Ga-PSMA PET/CT-guided prostate biopsy in a future study. 

Conclusion
Conventional prostate biopsy methods remain associated with several risks and side effects. In this
study, we present a new molecular imaging-guided approach to the targeted biopsy of prostate lesions.
PET/CT-fusion-guided percutaneous trans-pararectal space prostate biopsy may provide an effective
approach to the diagnosis of prostate cancer, and can be performed safely without any complications
associated with trans-rectal puncture.

List Of Abbreviations
CT, computed tomography; FDG, �uorodeoxyglucose; PET, positron emission tomography; PSA, prostate-
speci�c antigen; PSMA, prostate-speci�c membrane antigen; TRUS, trans-rectal ultrasonography; MIP,
maximum intensity projection
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Figures

Figure 1

Work�ow of the PET/CT-fusion-guided percutaneous trans-pararectal space prostate biopsy approach.
Axial CT (A) revealed no obvious abnormality. Fused PET/CT (B) incidentally detected an isolated
hypermetabolic lesion in the left prostatic lobe. The outline of the anatomical structure on PET is shown
(C). The patient underwent PET/CT-guided percutaneous trans-pararectal space targeted biopsy of the
left lobe nodule (D,E). The targeted biopsy process (F).
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Figure 2

The patient was hospitalised with fever, a 2-month history of subcutaneous nodules, and an elevated
serum prostate speci�c antigen (PSA) level (13.28 ng/ml; reference range, 0–4 ng/ml). To determine the
aetiology of fever and increased PSA, the patient underwent whole-body 18F- �uorodeoxyglucose (FDG)
PET/CT. A PET MIP image (A) revealed diffusely increased 18F-FDG uptake in the systemic bone and a
focal area of high metabolism within the prostatic region. Fused PET/CT (B) and PET (C) detected an
incidentally isolated hypermetabolic lesion with a diameter of 1.1 cm in the left prostate lobe (maximum
standard uptake value (SUV), 5.18; average SUV, 2.67). Axial CT (D) did not reveal obviously
abnormalities. The patient underwent 18F-FDG PET/CT-guided percutaneous trans-pararectal space
targeted biopsy (E-F) of the left lobe nodule. A postoperative pathologic analysis of the tissue specimen
(G) was highly indicative of adenocarcinoma (Gleason score 3+4=7) (J). The bone lesions (H) were
subjected to 18F-FDG PET/CT-guided bone biopsy (I), and a pathological analysis revealed that
hematopoietic activation of bone marrow was drug-induced.
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Figure 3

The patient presented with a 1-month history of back pain and weakness of both lower extremities for
half a month. A previous MRI scan of the lumbar region revealed a suspected thoracic tumour. After
admission, the patient had an elevated serum prostate speci�c antigen (PSA) level (1513 ng/ml; reference
range, 0–4 ng/ml). He was referred to our centre for whole-body 18F-�uorodeoxyglucose (FDG) PET/CT,
which revealed strong focal uptake within the left prostate lobe (maximum standard uptake value (SUV),
9.30; average SUV, 7.46) (PET MIP image, A). Although axial CT (B) yielded negative results, PET (C) and
fused PET/CT (D) indicated an isolated highly metabolic nodule with a diameter of 2.0 cm. Axial CT (E–
F) distinctly and intuitively enabled PET/CT-guided targeted prostate biopsy. The corresponding
histopathological analysis of the puncture specimen revealed prostate adenocarcinoma (Gleason score
4+5=9) (G).
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