
Article Not peer-reviewed version

A Pilot Study to Evaluate Trans-Rectal,

Outpatient Magnetic Resonance

Thermal Image-Guided Laser Focal

Therapy of Prostate Cancer: Results of

the First 112 Treatments

John F. Feller , Bernadette M. Greenwood * , Ara Karamanian , R. Jason Stafford , Robert J. Toth ,

Jurgen J. Fütterer

Posted Date: 12 March 2026

doi: 10.20944/preprints202603.0939.v1

Keywords: prostate cancer; laser focal therapy; focal laser treatment

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/4522839
https://sciprofiles.com/profile/5159639
https://sciprofiles.com/profile/5055999
https://sciprofiles.com/profile/2293467
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


 

 

Article 
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Simple Summary 

Prostate cancer is one of the most common cancers in men, and this study explored whether laser 
energy, delivered through the rectum and guided by real-time MRI imaging, could safely destroy 
these visible cancers in an outpatient clinic. After treating over one hundred cancer sites in eighty-
one men, the procedure was found to be safe. At six months, most men showed no sign of significant 
remaining cancer, and PSA dropped meaningfully within a year. These results suggest that image-
guided focal laser therapy is a promising, minimally invasive option that may offer men effective 
cancer control while preserving quality of life. 

Abstract 

Background/Objectives: In the United States alone, new prostate cancer (PCa) cases for 2023 are 
estimated at 288,300 and deaths at 34,13700 [1]. Prostate imaging is increasingly evaluated by artificial 
intelligence and computer-assisted targeting which opens new opportunities in biopsy and the focal 
therapy of visualized lesions [2]. Our objective was to investigate the safety and feasibility of using 
MR-guided focal laser (light amplification by the stimulated emission of radiation) therapy for these 
visible cancers using a transrectal approach for both laser applicator placement and therapy delivery 
in an outpatient setting. Methods: We used a 1.5 Tesla MRI scanner (Philips Healthcare, Best, The 
Netherlands) for both image acquisition and real-time thermometry. In addition, we used a 
commercially available CAD system and targeting hardware (Philips, Best, The Netherlands) for 
image analysis and interventional planning. Laser focal therapy of biopsy-proven lesions was 
delivered using a U.S. Food and Drug Administration (FDA) 510(k) cleared laser emitter, laser fiber 
and thermal mapping visualization software (Medtronic, Minneapolis, MN, USA) introduced 
transrectally under MRI-guidance. Results: 112 cancer foci were treated in 81 men, from Gleason 
Grade 1 (GG1) to GG3 for treatment-naïve patients and all Gleason Grades for salvage patients. With 
pre-treatment lesion volumes ranging from 0.03 cc to 6.6 cc, with a mean of 1.1 cc and a median of 
0.49 cc (25% and 75% quartiles of 0.25 cc and 1.4 cc respectively). The mean MRI volume of 
coagulation necrosis was 7.1cc and ranged from 0.6cc to 22.9cc. No serious adverse events or 
morbidity were reported. At six-month MR-guided in-bore biopsy 25 treatment regions were positive 
for clinically significant disease (GG>1), consistent with in-field residual or recurrent cancer rate of 
22% of regions and 23% of subjects. We observed a 40% decrease in mean PSA at 1 year post therapy 
in the entire cohort. Conclusions: Our data indicate that transrectally delivered MRI-guided laser 
focal therapy for prostate cancer is both safe and feasible in an outpatient setting and results in a 
significant biochemical response and acceptable cancer control rate at 6 months. 
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1. Introduction 

The topic of focal therapy [3] remains a subject of great debate, beginning in the mid-1950’s [4], 
where male “lumpectomy” was proposed, performed, debated and in some cases abandoned. Early 
investigators proposed a variety of energy sources and injectable substances, but most recently the 
FDA cleared a select few of these techniques designated for soft tissue ablation, including laser [5], 
cryotherapy [6]and high intensity focused ultrasound (HIFU) [7]. 

As biopsy strategies evolve [8] and become more accurate through the use of MRI targeting 
[9,10,11], a convergence of events begs the question: if a lesion can be detected with multiparametric 
MRI (mpMRI), then biopsied with an MRI-guided targeting strategy, could that same targeting 
mechanism and approach also be used to deliver energy or other therapy concurrently? This 
convergence conforms with our better understanding of the natural history of prostate cancer and 
the concept of the “index lesion” as described by Ahmed et al [12]. To answer the question, we 
conducted this study to assess transrectally delivered laser interstitial thermal therapy and real-time 
MR thermometry treating prostate cancer in an outpatient setting. 

Our preference of energy source was a commercially available 980 nm cooled laser and 
visualization platform (Medtronic, Minneapolis, MN) both of which have broad FDA clearance 
[13,14] for soft tissue necrotization. The system was combined with commercially available biopsy 
planning software and hardware (Philips, Best, The Netherlands) for computerized localization and 
image-guided transrectal access to the prostate. The unique precision and controllability of laser 
therapy is due to the conversion of raw MR data to thermal mapping data, making laser ideal for 
real-time thermal monitoring and precise ablation volume estimates as therapy is delivered [15, 16]. 
Additionally, the safety profile and clinical success of Visualase laser applications in the liver, brain, 
spine, thyroid, kidney and breast at other institutions lends support to its use in the prostate gland 
as well [17]. 

The purpose of this study was to investigate the use of MR-guided focal laser therapy for MR 
visible, localized prostate cancer utilizing a transrectal approach for laser applicator placement and 
therapy delivery in an outpatient setting. Our HIPAA-compliant, prospective, single institution 
observational study was registered on ClinicalTrials.gov (NCT 02243033) and was conducted under 
IRB (Institutional Review Board) approval (WIRB Copernicus Group, Puyallup, WA). Patients 
provided verbal and written informed consent. Our study included treatment-naïve men with organ 
confined ISUP GG (International Society of Urological Pathologists Grade Group) 1, 2 or 3 diseases. 
GG1 was included because sometimes the more advanced Gleason Score of 4 (as in “3+4”) can be 
missed, and thus GG1 may benefit from focal therapy. A second cohort of men with recurrent PCa 
was treated in the salvage setting. We recognize that treating both salvage patients and treatment-
naïve patients in this study may skew the results as compared to studies which only accept treatment-
naïve patients. Here we describe the results of those treatments. 

2. Materials and Methods 

Patient inclusion: (https://clinicaltrials.gov/ct2/show/NCT02243033) 
• Ages Eligible for Study: 45 Years to 90 Years (Adult, Older Adult) 
• Sexes Eligible for Study: Male 
• Accepts Healthy Volunteers: No 
• Sampling Method: Non-Probability Sample 
• Study Population: Men with prostate cancer 

The inclusion criteria for treatment- naïve patients was as follows: 
• Male, 45 years of age or older. 
• Diagnosis of prostate adenocarcinoma. 
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• Clinical stage T1c or T2a. 
• ISUP Gleason Grade 3 (GG3) or less. 
• Three or fewer biopsy cores with prostate cancer. 
• PSA (prostate specific antigen) density not exceeding 0.375 ng/mL/cc. 
• One, two, or three tumor suspicious regions identified on multiparametric MRI. 
• Negative radiographic indication of extra-capsular extent. 
• Karnofsky performance status of at least 70. 
• Estimated survival of 5 years or greater, as determined by treating physician. 
• Tolerance for anesthesia/sedation. 
• Ability to give informed consent. 
• At least 6 weeks since any previous prostate biopsy. 
• MR-guided biopsy confirmation of one or more MRI-visible prostate lesion(s) with ISUP GG3 or 

less. 
Salvage candidates will be accepted upon physician referral. The motivation for including 

salvage patients was when a patient who had previously received proton therapy wanted to avoid 
androgen deprivation and did not have any other options - the IRB accepted a protocol modification 
for including salvage therapy patients. Salvage patients were not always necessarily medically risky 
or ineligible for other treatments but preferred to undergo laser treatment. 

The exclusion criteria were as follows: 
• Presence of any condition (e.g., metal implant, shrapnel) which is not compatible with MRI. 
• Severe lower urinary tract symptoms as measured by an International Prostate Symptom Score 

(IPSS) of >20. 
• History of other primary non-skin malignancy within the previous three years. 
• Diabetes - Diabetics can have coagulation problems, and we wanted to avoid bleeding issues. 
• Smoker - Smokers can have coagulation problems and we wanted to avoid bleeding issues. 

The MR-guided laser ablation employed a system comprised of a 980nm surgical diode laser, a 
fiberoptic laser applicator with a heat diffusing tip and a coaxial cooling catheter, a cooling circulation 
pump, and a computer workstation for processing and display of MR images, thermal maps, 
irreversible damage estimates and temperature graphs. This interface facilitated treatment planning. 

A transrectal biopsy guidance system directed all MR-guided biopsies and laser applicator 
placement were performed using a transrectal biopsy guidance system. All devices followed the 
labeled indications for use as cleared by the FDA and the IRB-approved off-label use for malignant 
lesions 

An MRI technique called Magnetic Resonance Temperature Imaging (MRTI) was used to collect 
temperature-sensitive parameters throughout the imaged volume. During tumor ablation, MRTI data 
was collected and analyzed to display real-time tissue temperatures and an estimate of thermal 
ablation zone size. 

This method allowed the treating physician to apply laser energy over a controlled duration to 
affect an effective zone of ablation covering both the tumor plus a prescribed margin. 

Immediately after completion of therapy, post-contrast (Gadavist, Bayer, Berlin, Germany) MRI 
confirmed the ablation zone size, shape and location. These images (Figure 1a) were compared to the 
pre-ablation treatment-planning MRI images (Figure 1b) allowed an accurate estimation of ablation 
size and anticipated treatment efficacy. 

We used an MRI-compatible interventional device for transrectal prostate procedures (Figure 
1c). It is a removable device that attaches to an imaging table with an open design that allows for 
flexibility in coil choice and patient comfort. 
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(c) (b) (a) 

Figure 1. Representative MRI images. (a) Pre-ablation treatment-planning image; (b) estimation of ablation size; 
(c) MRI-compatible interventional device for transrectal prostate procedures. 

A commercially available, FDA cleared image viewing workstation allowed for the targeting 
and placement of the laser into the prostate. Manipulation of the transrectal needle guide directed a 
14g introducing sheath into the prostate target and facilitated the accurate positioning of the cooled 
laser applicator. Anesthesia included: intrarectal lidocaine HCl 2% gel, a periprostatic nerve block 
bilaterally using bupivacaine 0.25% and a combination of intravenous Midazolam and Fentanyl. 
Antibiotic prophylaxis consisted of 1g of intravenous Ceftriaxone at the time of laser surgery. In 
patients with tumors located in the apex putting the external urethral sphincter at risk, the urethra 
was cooled with continuous bladder irrigation through a 16 fr 3-way catheter during the laser 
treatments at that level. 

Ablation planning involved a review of T2-weighted images in multiple planes, high b-value 
axial diffusion-weighted images (DWI) with corresponding apparent diffusion coefficient (ADC) 
maps with the goal of ablating the MR-visible volume of the tumor with an additional treatment 
margin of approximately 1 cm for all patients (no change in margin depending on severity of disease). 

The ablation itself was performed with a 15-watt laser at 80%-90% energy (depending on the 
thermal map) at 60 degrees centigrade for less than two minutes. The operator maintained the laser 
applicator record which was dependent on the size, shape, geometry, and location of the lesion using 
the UroKit 400 or UroKit 600 system. 

Each procedure was performed by one of two expert interventional radiologists with over 50 
years of combined experience (S.T.M., J.F.F.). These physicians had the benefit of having performed 
over 800 in-bore MRI-guided prostate biopsies prior to their first laser patient, so their learning curve 
was minimal due to their length of experience with the hardware and software, which they also 
helped to develop [18]. 

The pre-treatment lesion volume as measured by the radiologist using the ellipsoidal calculation 
(length x width x height x 0.52) ranged from 0.03 cc to 6.6 cc, with a mean of 1.1 cc and a median of 
0.49 cc (25% and 75% quartiles of 0.25 and 1.4 cc’s respectively). 

The ablative goal was to treat the lesion plus a one-centimeter margin [19]. Patients received 
mpMRI at 48 hours, 3 months, and 6 months post-laser with mandatory biopsy of the treatment site 
at 6 months. The push to do a 6-month biopsy was research-funded (not necessarily standard of care) 
and was generally agreed upon as adequate time to wait to perform a biopsy after laser treatment. 
Even in the absence of imaging findings, patients had a biopsy as part of the research protocol to 
evaluate potential MRI occult disease. At 1-year post-laser, patients had an mpMRI (and biopsy, if 
indicated) with annual mpMRI (and biopsy, if indicated) thereafter for a total of 20 years of 
observation as part of a continuing Phase II clinical trial (NCT 02243033). At baseline and at each visit 
research subjects provided recent PSA results and completed three validated surveys: Sexual Health 
Inventory for Men (SHIM), International Prostate Symptom Score (IPSS) and Personal Health 
Questionnaire (PHQ-9). 

In-field recurrence was any biopsy-confirmed, clinically significant PCa seen at the previously 
treated site(s). Clinically significant PCa was defined as GG2 or greater. Out-of-field cancers were 
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defined as de-novo, biopsy-confirmed, clinically significant PCa outside the original treatment site 
detected at follow-up. 

An outside biostatistician (R.T.) analyzed our data as anonymized data extracted from radiology 
reports, surveys, clinical notes, and laboratory results. Python and Excel with statistical packages and 
pairwise Student’s t-test were used to determine statistical significance. With the null hypothesis, the 
measurement (PSA, IPSS, SHIM and/or PHQ-9) was statistically different between pre-treatment and 
post-treatment. 

3. Results 

Treatments were delivered to 112 lesions in 81 patients. 70 men and 97 lesions were treatment 
naïve while 11 men and 15 lesions represented salvage therapy . Total procedure time was between 
1.5 and four hours. Salvage patients experienced a mean PSA decrease of 44% and treatment naïve 
patients’ PSAs declined 40% and there were no statistically significant changes in IPSS and SHIM 
scores at 6 months post-treatment. A lack of damage to the sphincter could have made the IPSS not 
dip. Of the lesions treated for which we had available ISUP GG data, 26% (28/107) were GG1, 46% 
(49/107) were GG2, 23% (25/107) were GG3, 2% (2/107) were GG4 (salvage) and 3% (3/107) were GG5 
(salvage). The coagulation necrosis volumes ranged from 0.57 cc to 22.93 cc with a mean of 7.1 cc and 
a median of 6.4 cc (25% and 75% quartiles of 2.9 cc and 10.3 cc respectively). When evaluating the 
location of the lesions, 5% were from the central zone (CZ), 33% were classified as in the transition 
zone (TZ), and 59% were in the peripheral zone (PZ) (Figure 2). The pre-treatment lesion volume 
ranged from 0.03 cc to 6.6 cc, with a mean of 1.1 cc and a median of 0.49 cc (25% and 75% quartiles of 
0.25 cc and 1.4 cc respectively). At six-month biopsy, 24 treatment regions were positive consistent 
with in-field recurrent or residual cancer in 21% of subjects (24% of treated regions). Out-of-field 
recurrences at 6 months were 6% and later recurrences (after 6 months) are an outcome being 
measured in our Phase II clinical trial with 20 years of follow-up, with slightly higher recurrences in 
patients with more aggressive tumors or salvage patients. 

  

(b) (a) 

Figure 2. Our patient population had focal areas located at the peripheral zone (PZ), transition zone (TZ), central 
zone (CZ), the seminal vesicles (SV), and the bladder (BL), shown as (a) a pie chart and (b) a bar chart. 

The mean, median, and standard deviation of PSA values pre-treatment were 6.83, 6.40, and 4.49 
respectively. This dropped to 4.07, 3.65, and 2.78 respectively after 12 months (p < 0.01) (Figure 3). 
The SHIM (Figure 4) and IPSS (Figure 5) and PHQ-9 (Figure 6) scores changed slightly, but no 
statistical significance was observed in such changes. There was no statistically significant change in 
PHQ-9 scores in the treatment naïve group but interestingly, PHQ-9 scores among the salvage 
patients improved at 12 months. We observed no serious adverse events; however, in one procedure 
the laser fiber carbonized the applicator tip, leaving a 1.2cm segment of the applicator in the prostate 
which the patient later passed spontaneously with urination. This was reported to the device 
manufacturer and subsequent modifications to Instructions for Use (IFUs) were made. It was also 
reported to the FDA and our IRB. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 March 2026 doi:10.20944/preprints202603.0939.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.0939.v1
http://creativecommons.org/licenses/by/4.0/


 6 of 8 

 

   

(d) (c) (b) (a) 

Figure 3. Each patient had their (a) PSA measured at treatment time, and then again at 3, 6, and 12 months. In 
addition, patients wellness was reported via surveys at those time intervals measuring (b) SHIM, (c) IPSS, and 
(d) PHQ-9. 

4. Discussion 

For treatment-naïve and salvage prostate cancer patients with MRI visible tumors, laser focal 
therapy delivered transrectally under MR-guidance with real time MR thermometry is both safe and 
feasible in an outpatient setting. Our sedation protocol eliminated the requirement for 
hospitalization, general anesthesia, or an anesthesiologist. 

Precise laser delivery under MRI-guidance preserved quality of life with equivalent short-term 
oncologic control compared to whole-gland therapies without compromising focal or whole-gland 
retreatment options in the patient’s future. An ongoing Phase II 20-year clinical trial (NCT 02243033) 
will address the intermediate and long-term oncologic control in 200 patients. 

Our patients suffered less than 1% erectile dysfunction and less than 1% urinary incontinence. It 
should be noted that symptoms like erectile dysfunction were not considered explicitly as they are 
more relative changes than absolute numbers, and incontinence was determined by self-reported 
concern about leakage rather than quantitatively counting absorbent pads. In addition, despite the 
transrectal approach, no rectal fistulae occurred. We believe this to be attributed to the safety, 
precision and controllability of laser energy using MRI for guidance and MR thermometry for 
monitoring. The crisp transition zone between treated and untreated tissue allows avoidance of 
important structures such as the neurovascular bundles, external urethral sphincter and the rectal 
wall, thus facilitating thorough treatment and preservation of quality of life. 

In the 12-year interim results of our ongoing Phase II clinical trial we did observe NCI Common 
Terminology Criteria for Adverse Events (CTCAE) Grade 2 and 3 adverse events in the form of 
excessive venous (two patients) or arterial (one patient) rectal bleeding. We attributed this to the 
routine use of a 13g introducer trocar with a sharp cutting tip for multiple rectal wall punctures used 
to introduce the laser applicator. The first patient was easily managed with a large tampon per rectum 
to tamponade the bleeding. The second venous bleeding patient was successfully managed initially 
with gauze and a tampon, then with a 24 Fr. straight 3-way urinary catheter per rectum with the 
balloon filled to 75cc for 30 min. The arterial bleeding patient required transport and admission for 
surgical closure of the rectal artery. To prevent excessive rectal bleeding in future patients, we 
adopted a new method using only the laser applicator and titanium stiffener without the 
trocar/sheath introducer system. This combination has a smaller outer diameter of 14g, but no cutting 
tip. A 22g Chiba needle is sometimes repeatedly introduced initially, through the endorectal needle 
guide to “dotter” a path for the applicator. Currently, we reserve the 13g trocar for situations where 
we are unable to reach the target with this modified method. Since adopting this modified method 
we have had no case of excessive rectal bleeding in our Phase II clinical trial. 

5. Conclusions 

Our data indicate that outpatient, transrectally delivered MRI-guided laser focal therapy for 
prostate cancer is both safe and feasible in the treatment-naïve and salvage setting. During the study 
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five men were converted to whole gland therapy due to recurrence of disease or development of an 
out-of-field incidence cancer (a biopsy-proven cancer other than the originally diagnosed and treated 
lesion). One man expired of a cause other than prostate cancer. A firm consensus for patient selection 
for laser focal therapy of prostate cancer is evolving [20]. Our study recruited men from 
ClinicalTrials.gov and was limited to men who were very carefully selected based on inclusion 
criteria (Table 1) as well as tumor size, shape and morphology. The population was predominantly 
Caucasian with no men of African or Asian ethnicity and only one Hispanic man. This disparity 
warrants a separate study of access and education. 

Author Contributions: John F. Feller: Methodology; Resources; Validation; Visualization; Supervision. Jurgen J. 
Futterer: Supervision; Writing- review and editing. Bernadette M. Greenwood: Conceptualization; 
Methodology; Software; Data curation; Writing- Original draft preparation; Project administration; Writing- 
Review and editing. Ara Karamanian: Writing- review and editing. Robert Toth: Formal analysis; Writing; 
Reviewing; Editing. R. Jason Stafford: Software; Validation; Writing; Editing. 

Funding: The authors acknowledge The Focal Therapy Foundation for assisting patients with financial support 
for treatment. We received no grants or federal funding for this research. 

Institutional Review Board Statement: Our HIPAA-compliant, prospective, single institution observational 
study was registered on ClinicalTrials.gov (NCT 02243033) and was conducted under IRB (Institutional Review 
Board) approval (WIRB Copernicus Group, Puyallup, WA). 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study. 

Data Availability Statement: The datasets presented in this article are not readily available because the data are 
part of an ongoing study. 

Acknowledgments: The authors wish to honor the memory of, and early work by, their friends and colleagues, 
Roger J. McNichols, PhD and Stuart T. May, MD - they believed. We recognize Heidi Hedge, RT and Lisa Nelsen, 
RT for their contributions during the study. We also thank Mari Mitchell, Vanessa Evans, Ryan Porras and Karen 
Portillo for their patience and administrative support over the course of the study and during manuscript 
preparation. We thank Dr. Anil Shetty and Dr. Jeffrey Herz for their editorial contributions. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 

1. Surveillance, Epidemiology, and End Results (SEER) Program 
(www.seer.cancer.gov/statfacts/html/prost.html) SEER Stat Database: Cancer Stat Facts: Prostate Cancer 
Statistics at a Glance, Estimated New Cases in 2023 and Estimated Deaths in 2023. Accessed July 13, 2023. 

2. Valerio M, Ahmed HU, Emberton M, et al. The Role of Focal Therapy in the Management of Localised 
Prostate Cancer: A Systematic Review. European Urology. 2014;66(4):732-751. 
doi:10.1016/j.eururo.2013.05.048. 

3. Hopstaken JS, Bomers JGR, Sedelaar MJP, Valerio M, Fütterer JJ, Rovers MM. An Updated Systematic 
Review on Focal Therapy in Localized Prostate Cancer: What Has Changed over the Past 5 Years? Eur Urol. 
2022 Jan;81(1):5-33. doi: 10.1016/j.eururo.2021.08.005. Epub 2021 Sep 4. PMID: 34489140. 

4. Womack RK, Blais MR, Daniel JD. Retropubic Partial Prostatectomy: Seven Years’ Statistics from the 
Confederate Memorial Medical Center. Trans Southeast Sect Am Urol Assoc. 1955;(19th Meeting):39-42. 

5. U.S. Department of Health and Human Services Food and Drug Administration 510(k) letter, Visualase. 
https://www.accessdata.fda.gov/cdrh_docs/pdf7/K071328.pdf. Accessed April 23, 2019. 

6. Rodríguez SA, Arias Fúnez F, Bueno Bravo C, Rodríguez-Patrón Rodríguez R, Sanz Mayayo E, Palacios 
VH, Burgos Revilla FJ. Cryotherapy for primary treatment of prostate cancer: intermediate term results of 
a prospective study from a single institution. Prostate Cancer. 2014;2014:571576. doi: 10.1155/2014/571576. 

7. U.S. Department of Health and Human Services Food and Drug Administration 510(k) letter Sonablate. 
https://www.accessdata.fda.gov/cdrh_docs/pdf15/DEN150011.pdf. Accessed April 23, 2019. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 March 2026 doi:10.20944/preprints202603.0939.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.0939.v1
http://creativecommons.org/licenses/by/4.0/


 8 of 8 

 

8. Taneja SS. Optimizing prostate biopsy strategies for the diagnosis of prostate cancer. Rev Urol. 2003 
Summer;5(3):149-55. PMID: 16985636; PMCID: PMC1473018. 

9. Greenwood BM, Behluli MR, Feller JF et al. Trans-rectal Interventional MRI: Initial Prostate Biopsy 
Experience. Proc. SPIE 7625, Medical Imaging 2010: Visualization, Image-Guided Procedures, and 
Modeling, 76252U (23 February 2010); doi:10.1117/12.847045. 

10. Felker ER, Lee-Felker SA, Feller JF, Margolis DJ, Lu DS, Princenthal R, May S, Cohen M, Huang J, Yoshida 
J, Greenwood BM, Kim HJ, Raman SS. In-bore magnetic resonance-guided transrectal biopsy for the 
detection of clinically significant prostate cancer.Abdom Radiol (NY). 2016 May;41(5):954-62. doi: 
10.1007/s00261-016-0750-7. 

11. Woodrum DA, Gorny KR, Greenwood B, Mynderse LA. MRI-Guided Prostate Biopsy of Native and 
Recurrent Prostate Cancer.Semin Intervent Radiol. 2016 Sep;33(3):196-205. doi: 10.1055/s-0036-1586151. 

12. Ahmed HU. The index lesion and the origin of prostate cancer. N Engl J Med. 2009 Oct 22;361(17):1704-6. 
doi: 10.1056/NEJMcibr0905562. 

13. U.S. Department of Health and Human Services Food and Drug Administration 510(k) K060304 Photex. 
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfPMN/pmn.cfm?ID=K060304 

14. U.S. Department of Health and Human Services Food and Drug Administration 510(k) K053087 Visualase 
Cooling Applicator. https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpmn/pmn.cfm?ID=K053087 
Accessed April 23, 2019. 

15. Stafford RJ, Shetty A, Elliott AM, Klumpp SA, McNichols RJ, Gowda A, Hazle JD, Ward JF. Magnetic 
resonance guided, focal laser induced interstitial thermal therapy in a canine prostate model. J Urol. 2010 
Oct;184(4):1514-20. doi: 10.1016/j.juro.2010.05.091. Epub 2010 Aug 19. PubMed PMID: 20727549; PubMed 
Central PMCID: PMC3915781. 

16. Feller JF, Greenwood BM, Stafford RJ (2017) Transrectal Laser Focal Therapy of Prostate Cancer. In: 
Polascik T. (eds) Imaging and Focal Therapy of Early Prostate Cancer. Current Clinical Urology. Springer, 
Cham 

17. Habash RW, Bansal R, Krewski D, Alhafid HT. Thermal therapy, Part III: ablation techniques. Crit Rev 
Biomed Eng. 2007;35(1-2):37-121. doi: 10.1615/critrevbiomedeng.v35.i1-2.20. PMID: 17956222. 

18. Betrouni N., Colin P. (2015) Focal Laser Interstitial Thermotherapy. In: Barret E., Durand M. (eds) Technical 
Aspects of Focal Therapy in Localized Prostate Cancer. Springer, Paris 

19. Priester A, Natarajan S, Khoshnoodi P, Margolis DJ, Raman SS, Reiter RE, Huang J, Grundfest W, Marks 
LS. Magnetic Resonance Imaging Underestimation of Prostate Cancer Geometry: Use of Patient Specific 
Molds to Correlate Images with Whole Mount Pathology. J Urol. 2017 Feb;197(2):320-326. doi: 
10.1016/j.juro.2016.07.084. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

 

 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 March 2026 doi:10.20944/preprints202603.0939.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.0939.v1
http://creativecommons.org/licenses/by/4.0/

