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Background: To investigate the value of intraoperative frozen section examination (IFSE) in 
multiparametric magnetic resonance imaging/transrectal ultrasound (mpMRI/TRUS) fusion prostate biopsy 
in a major pandemic.
Methods: A total of 35 patients were prospectively enrolled in our hospital from March 2020 to January 
2021. The mpMRI/TRUS fusion system was used to perform a targeted biopsy, and the collected specimens 
were examined by IFSE (Observation Group 1). Then, a targeted biopsy was performed again for routine 
pathological examination (Observation Group 2). Finally, a systemic biopsy was performed, and the obtained 
specimens were routinely examined (Control Group). The positive rate, single core positive rate, Gleason 
score, and time to obtain pathological reports were compared between the groups.
Results: The positive rate was 48.6% (17/35) in the control group, 48.6% (17/35) in Observation Group 
1, and 51.4% (18/35) in Observation Group 2, showing no significant difference (P>0.05). The single core 
positive rates were 17.8%, 44.6%, and 47.1% in the Control Group, Observation Group 1, and Observation 
Group 2, respectively. Observation Group 1 and Observation Group 2 were significantly different from the 
Control Group (P<0.001). No participants in Observation Group 1 had increased or decreased Gleason 
scores compared with those in Observation Group 2. The time to obtain the pathological report was 
0.025±0.014 days and 4.216±1.073 days for Observation Group 1 and Observation Group 2, respectively, 
showing a significant difference (P<0.001).
Conclusions: This study showed that IFSE can not only rapidly obtain the pathological report of an 
mpMRI/TRUS biopsy, but can also ensure the accuracy of the pathological diagnosis.
Trial Registration: CHICTR, Identifier: ChiCTR2000040789. Registered 10 December 2020 - 
Retrospectively registered, http://www.chictr.org.cn/edit.aspx?pid=63252&htm=4.
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Introduction

Prostate cancer is a serious threat to men’s health 
worldwide. According to the latest data from the American 
Institute of Cancer Research, prostate cancer is the most 
frequently diagnosed male malignancy (1). In China, 
prostate cancer has risen to being the sixth most prevalent 
cancer. The proportion of new prostate cancer patients in 
advanced stages is much higher than that in European and 
American countries, and the prognosis and overall survival 
(OS) rate are less favorable than those in European and 
American countries (2). Therefore, early diagnosis and 
effective treatment are key to improving the survival time 
and quality of life of prostate cancer patients (3). At present, 
pathological examination is still the gold standard for the 
diagnosis of prostate cancer.

Coronavirus disease 2019 (COVID-19) is characterized 
by rapid transmission, a wide infection area, and difficulties 
in prevention and control. Within a short period of time, 
the pandemic has escalated globally (4,5). While actively 
preventing and controlling the pandemic and intercepting 
its spread, quickly obtaining the pathological results of 
prostate biopsies and reducing the hospital stay of patients 
to reduce their chance of close contact with a COVID-19 
patient has presented a new challenge.

With the rapid development of the fields of accurate 
medical imaging technology and artificial intelligence, 
prostate biopsy has also made fresh progress. Current 
studies focus on improving the accuracy of single core 
biopsy; in other words, without an increase in the number 
of cores, targeted prostate biopsy is performed under 
the guidance of multiparametric magnetic resonance 
imaging (mpMRI) and transrectal ultrasound (TRUS) (6). 
The mpMRI/TRUS fusion prostate biopsy has shown 
superiority in improving the positive rate of using a single 
needle and the total positive rate: on the one hand, it 
reduces the number of cores needed, which reduces the 
pain experienced by patients, and, on the other hand, it 
effectively improves the accuracy of biopsy (7,8).

Intraoperative frozen section examination (IFSE) can 
be performed without procedures such as tissue fixation, 
dehydration, transparency, and embedding, which reduces 
some intermediate links, and it can determine the presence 
and nature of lesions in a relatively short time, effectively 
assisting clinicians with decision making regarding surgical 
planning (9). Therefore, we attempted to directly perform 
IFSE on prostate specimens obtained by mpMRI/TRUS 
fusion biopsy, and to assess its feasibility and effectiveness. 

We present the following article in accordance with the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-21-473/rc).

Methods

Clinical data

Patients who underwent mpMRI/TRUS biopsy at Clinical 
Medical College, Yangzhou University, from March 2020 
to January 2021 were prospectively enrolled. The inclusion 
criteria were as follows: (I) patients with findings of nodules 
on digital rectal examination, (II) patients with mpMRI 
findings indicative of prostate cancer [Prostate Imaging 
Reporting and Data System v2 (PI-RADS V2) scores 
≥3], (III) patients with prostate-specific antigen (PSA) 
concentrations of 4–10 ng/mL with an abnormal free/
total PSA or PSA density, and (IV) patients with a PSA 
concentration >10 ng/mL. The exclusion criteria were as 
follows: (I) an MRI contraindication, (II) a poor MRI image 
quality or an incomplete image unable to be analyzed, and 
(III) mpMRI images revealing no suspicious areas. The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). This study was approved 
by the Ethics Committee of Clinical Medical College, 
Yangzhou University (No. 2020KY-013), and all participants 
provided their written informed consent.

All participants underwent mpMRI with a 3.0-T MR 
scanner (Signa HDxt, GE Medical Systems, Milwaukee, 
WI, USA) using a 32-channel, phase-controlled, front loop 
before the mpMRI/TRUS biopsy. While unaware of the 
patient's characteristics, 2 experienced radiologists read all 
the MRI scans.

The mpMRI images of all participants were scored 
in accordance with the PI-RADS V2 by 2 experienced 
radiologists who were blinded to the participants’ prior 
clinical information (10), and a consensus was reached 
between them.

Biopsy procedure

The mpMRI/TRUS biopsy system (MIM Symphony, 
MIM Software, Cleveland, OH, USA) was used for 
all prostate biopsies. The system fused the TRUS 
and mpMRI images in real-time to guide the biopsy 
needle through the transperineal approach. Firstly, we 
introduced the original data from mpMRI in the Digital 
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Imaging and Communications in Medicine (DICOM) 
format to the image fusion system. Then, the suspicious 
areas were marked on the T2-weighted image (T2WI) 
(Figure 1A). Secondly, we placed the virtual probe in 
the rectum approximately 3 mm from the posterior 
wall of the prostate. Next, we adjusted the angle of the 
probe until the base plane aligned with the underlying 
prostate, and then adjusted the virtual grid to ensure 
that the prostate was in the proper position. Finally, we 
inserted the biplanar TRUS probe (Flex Focus 1202, 
BK Ultrasound Systems, Naerum, Denmark) into the 
patient’s rectum. The fiducial landmark for registering 
the MRI and ultrasound images was represented by the 
prostate base. The reconstructed MRI axial images and 
the TRUS axial image were synchronously displayed on 
the same monitor. Morphological MRI data, including 
the suspicious areas, were superimposed on the TRUS 
images in real time to guide the biopsy needle (Figure 1B). 

Template-guided biopsy with 2–3 cores was performed 
on the suspected lesions, and an IFSE was performed on 
the obtained specimens (Observation Group 1) (Figure 
1C). Then, template-guided biopsy with 2–3 cores was 
again performed on the suspected lesions, and a routine 
pathological examination was performed on the obtained 
specimens (Observation Group 2) (Figure 1D). Systematic 
biopsy was performed after the mpMRI/TRUS biopsy, 
and a routine pathological examination of the specimens 
was performed (Control Group). 

The specimens were placed in the optimal cutting 
temperature compound and frozen at −20 ℃ for pre-
treatment. Then, the specimens were cut into 5 μm slices 
with a constant temperature freezing slicer. Finally, the 
slices were stained (hematoxylin-eosin staining) and 
sealed. All prostate biopsy specimens were reviewed 
by 2 experienced pathologists who were blinded to the 
participants’ MRI and TRUS results. 

Figure 1 Images of the mpMRI/TRUS and the pathology. (A) Referring to multiple sequences of mpMRI, the regions of interest were 
delineated on T2-weighted imaging. The prostate target is contoured in purple. The suspected area of the prostate cancer target is 
contoured in blue; (B) the regions of interest delineated on mpMRI are fused onto the TRUS image. Targeted biopsy was performed 
under the guidance of mpMRI/TRUS image fusion; (C) image of intraoperative frozen section examination (×200); (D) image of routine 
pathological examination (×200). mpMRI/TRUS, multiparametric magnetic resonance imaging/transrectal ultrasound.
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Statistical analysis

The SPSS 19.0 statistical software program (IBM Corp., 
Armonk, NY, USA) was used to process the data. Mean 
± SD was used to describe quantitative statistics, and the 
independent sample t-test (normal distribution) or the 
Mann-Whitney U test (deviated distribution) were used to 
compare the intergroup differences. In addition, the rates 
were compared using the chi-square (χ2) test. A value of 
P<0.05 was considered statistically significant.

Results

A total of 35 patients were included; the average age of 
the participants was 69.3±7.8 years, and the average PSA 
concentration was 14.5±6.8 μg/L (Figure 2). Of the 35 
participants, 20 (57.1%) were diagnosed with prostate 
cancer. The positive rate of the Control Group was 48.6% 
(17/35), and the positive rate of Observation Group 2 was 
51.4% (18/35). There was no significant difference in the 
positive rate between the 2 groups (P=0.811). In the control 
group, a total of 437 cores were biopsied, of which 78 were 
positive, and the positive rate of a single core was 17.8%. 
In Observation Group 2, a total of 87 cores were biopsied, 
of which 41 were positive, and the positive rate of a single 
core was 47.1%. The positive rate of a single core was 
significantly different between the 2 groups (P<0.001). In 
the control group, the Gleason score ranged from 6 to 9, 
with an average of 7.54±1.05. The rates of Gleason scores 
6, 7, and ≥8 were 23.5% (4/17), 47.1% (8/17), and 29.4% 
(5/17), respectively. The Gleason score of Observation 
Group 2 was 6 to 10, with an average of 7.81±1.12. The 
proportions of Gleason scores 6, 7, and ≥8 were 16.7% 
(3/18), 50% (9/18), and 33.3% (6/18), respectively. There 
was no significant difference in the Gleason scores between 

the control group and Observation Group 2 (P=0.302). 
However, among the 13 patients with prostate cancer who 
were diagnosed in both the Control Group and Observation 
Group 2, 4 participants in Observation Group 2 had higher 
Gleason scores than those in the Control Group.

The positive rate of Observation Group 1 was 48.6% 
(17/35), with a total of 83 cores, of which 37 were positive, 
and the positive rate of a single core was 44.6%. There were 
no significant differences in the positive rate or single core 
positive rate between Observation Group 1 and Observation 
Group 2 (P>0.05). The Gleason score in Observation 
Group 1 was 6 to 10, with an average of 7.68±1.31, showing 
no significant difference when compared with Observation 
Group 2 (P=0.433). In Observation Group 1, 17.6% 
(3/17), 52.9% (9/17), and 29.4% (5/17) of the participants 
had Gleason scores of 6, 7, and ≥8, respectively. Of the 
16 participants with prostate cancer detected in both 
Observation Group 1 and Observation Group 2, none 
of the participants showed an increase or decrease in the 
Gleason score. A single participant in Observation Group 1 
was diagnosed with prostate cancer, but not in Observation 
Group 2. Meanwhile, prostate cancer was diagnosed in 2 
participants in Observation Group 2, but not in Observation 
Group 1.

The time to obtain the pathological reports for patients 
in Observation Group 1 was 0.025±0.014 days. The time to 
obtain the pathological reports for patients in Observation 
Group 2 was 4.216±1.073 days, and there was a significant 
difference between the 2 groups (P<0.001).

Discussion

In December 2019, a novel coronavirus appeared in 
Wuhan, China. It was named COVID-19, and it spread 

Figure 2 The flow diagram of the study.
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rapidly throughout China and the world. In a major 
pandemic such as that of COVID-19, patients with highly 
suspected prostate cancer need to undergo accurate biopsy 
and obtain pathological results quickly to effectively reduce 
their hospital stay. In addition, early pathological results 
can be obtained, and according to whether the pathological 
results show benign or malignant cancer, the corresponding 
treatment can be initiated as soon as possible to improve the 
prognostic effect. In addition, treating prostate cancer in its 
early stages can help patients alleviate the heavy burden of 
“cancer fear” and improve their quality of life. Therefore, 
it is necessary for doctors and patients to identify the 
pathological characteristics of prostate nodules as soon as 
possible after their discovery.

The MRI can accurately locate suspected lesions of 
the prostate. Guided by MRI, a targeted prostate biopsy 
can be performed. An mpMRI/TRUS biopsy combines 
the advantages of the high sensitivity and specificity of 
the MRI lesion display and the real-time display and 
flexibility of TRUS, which, to a certain extent, makes up 
for the deficiency of targeted biopsy guided by MRI in real 
time (7,11). The equipment does not need to be changed 
and patients do not need to change position. Additional 
targeted biopsies can be performed on suspicious lesions 
shown by mpMRI, which is relatively simple and easy to 
operate.

The IFSE is a method of quickly freezing specimens to 
a certain grade of hardness at low temperatures and then 
slicing the specimens. Compared with routine pathological 
examination, IFSE does not need to fix, dehydrate, or 
embed the specimens, which saves operational time and is 
quick and simple. In the process of rapid freezing, various 
antigenic activities and enzymes can be well preserved, 
especially organic solvents and those with poor tolerance 
to temperature, which reduces the variation in tissue 
structure and improves the accuracy of testing. At present, 
IFSE is widely used in breast, lung, uterine, thyroid, and 
other tissues, and provides a reliable basis for pathological 
diagnosis (12-15). Hence, IFSE results should be used 
to guide the surgical method of prostate nodules, such as 
that of breast nodules, to avoid patient suffering caused by 
multiple surgeries and to reduce the cost of treatment. 

Therefore, beginning in March 2020, we applied IFSE 
in mpMRI/TRUS biopsy to explore its effectiveness and 
reliability. In this study, the positive rate of Observation 
Group 2 was 51.4% and the positive rate of the control 
group was 48.6%. There was no significant difference in 
the positive rate between the 2 groups (P=0.811); however, 

the positive rate of a single core in Observation Group 2 
was 2.65 times (47.1% 17.8%) that of the control group. 
Wang et al. (16) performed a total of 2,300 cores in 168 
patients, among which the single core positive rate of MRI/
TRUS biopsy was 51.76% higher than that of systematic 
biopsy (19.64%). Otherwise, the average Gleason score 
of Observation Group 2 was 7.81±1.12 and the average 
Gleason score of the control group was 7.54±1.05. Among 
the 13 patients who were diagnosed with prostate cancer 
by both systematic biopsy and MRI/TRUS biopsy, the 
Gleason score of the 4 patients diagnosed by MRI/TRUS 
biopsy was higher than that of patients diagnosed by 
systematic biopsy. Siddiqui et al. (17) performed a 12-core 
systemic biopsy and MRI/TRUS biopsy in 582 patients, 
and showed an increase in the Gleason score in 32% of 
the patients diagnosed via MRI/TRUS biopsy. Therefore, 
compared with systematic biopsy, MRI/TRUS biopsy can 
achieve a similar positive rate but can significantly improve 
the single core positive rate and avoid missed diagnoses of 
high-risk prostate cancer. 

Further comparison between Observation Group 1 and 
Observation Group 2 showed no significant differences in 
the positive rate, single core positive rate or Gleason score 
(P>0.05), and there was no decrease or improvement in the 
Gleason score between the 2 groups. More importantly, 
the study showed that the time for obtaining pathological 
results in Observation Group 1 was significantly shorter 
than that in Observation Group 2. This not only greatly 
reduces the patients’ length of hospital stay and reduces the 
rate of infection caused by the pandemic due to exposure 
in the hospital, but also shortens the time of the “cancer 
fear” period while patients are waiting for their pathological 
results. Further, we tried to immediately perform radical 
prostatectomy for patients whose IFSE results confirmed 
prostate cancer, which has achieved better treatment 
results, reduced hospitalization times and length of stay, and 
reduced hospitalization costs.

In addition, 1 and 2 patients were diagnosed with 
prostate cancer in Observation Group 1 and Observation 
Group 2, respectively, but not in Observation Group 2 and 
Observation Group 1, respectively. The possible reasons 
were the heterogeneity of the lesion, the difference in the 
quality of the biopsy specimen, or the subjective influence 
of the pathologist. Therefore, further research is needed.

There were several limitations in this study: (I) this 
study did not systematically compare biopsy pathology with 
radical pathology, nor did it compare biopsy pathology 
with postoperative whole-mount sections. Based on the 
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technique, we will next explore whether IFSE can accurately 
describe the spatial distribution of prostate cancer; (II) the 
number of patients included in this study was still relatively 
small, and further data is required; (III) patients with no 
suspicious lesions on mpMRI images were not included in 
this study, which may have led to selection bias. 

In summary, IFSE can quickly obtain the pathological 
results of mpMRI/TRUS biopsy and has a high accuracy, 
which is worthy of promotion and application in a major 
pandemic.
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