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INTRODUCTION

Treatment of unilateral prostate cancer by hemi-gland cryoablation was reported in a pilot 

study by Onik et al in 20021. The aim was to preserve potency by leaving one neurovascular 

bundle intact. In subsequent publications, Onik reported an 86% success rate in preserving 

potency with his method, and he coined the term “male lumpectomy” in a comparison with 

breast-sparing surgery2. Since then, many patients have been treated with hemi-gland 

cryoablation, the original form of prostate focal therapy, and intermediate-term follow-up 

has demonstrated in most cases apparent oncologic control2–7. The procedure is associated 

with no blood loss and low rates of incontinence and erectile dysfunction; therefore, for 

certain men, hemi-gland cryoablation may offer an attractive treatment alternative.

For any form of focal therapy or partial gland ablation (PGA), selection criteria and biopsy 

follow-up are the defining metrics8,9. However, in most studies of focal cryoablation, 

conventional prostate biopsy has been used to select patients for treatment, and likewise, if 

obtained at all, for follow-up. Conventional transrectal ultrasound (TRUS) biopsy—

systematic, transrectal, ultrasound-guided10—often fails to disclose the underlying 
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pathology11–13. Thus, use of TRUS-guided biopsy to select patients for treatment may 

under-estimate the disease, and its use in follow-up may over-estimate treatment efficacy. A 

paucity of follow-up biopsy data may be a reason the ASCO panel, which recently 

formulated guidelines for treatment of localized prostate cancer, did not endorse cryotherapy 

as an acceptable option (Grade C evidence)14.

MRI-guided biopsy, which is more accurate than TRUS-guided biopsy15–18, has shown 

value as a method for selection and follow-up of men undergoing prostate focal therapy with 

high-intensity focused ultrasound19. Herein is demonstrated the use of the new diagnostic 

modality in men undergoing hemi-gland cryoablation. In contrast to other cryoablation 

studies, all patients in the present series had clinically significant disease and all underwent 

MRI-guided biopsy before and after treatment. The results of the present work suggest that 

cryotherapy, a relatively old treatment, warrants further study in light of new technology to 

improve selection and follow-up of patients.

MATERIALS AND METHODS

Patients

Subjects were all 29 men undergoing prostate hemi-gland cryoablation at UCLA in a 14-

month period ending in March, 2018. Patients were recruited from a larger pool of men 

undergoing MRI/US fusion biopsy for suspected prostate cancer, the method of which has 

been previously published13,18,20. All patients underwent systematic 12-core biopsy and, 

when an MRI-visible lesion was present, targeted biopsy. All biopsy sites were tracked 

within the Artemis device, as described previously21. We calculated the change in prostate-

specific antigen (PSA), prostate volume and PSA density (PSAD) from baseline to 6-month 

follow-up for each patient, and conducted a Wilcoxon rank sum test to determine 

significance of changes. Clinical characteristics of the 29 men are shown in Table 1.

Trial Design

The present pilot study was designed as a prospective, open-label, observational trial. 

Inclusion criteria were as follows: clinically significant prostate cancer, defined as 

intermediate risk disease (Gleason Score (GS) ≤ 7, N = 23), low-volume high-risk disease 

(GS8 present in ≤ two cores, N = 4) or high-volume GS6 (> 6 mm cancer core length, N = 

2) }22; disease restricted to one half of the prostate (microfoci of contralateral GS6 allowed), 

PSA ≤ 20, prostate volume ≤ 60 cc, age 40–80. Patients were excluded if they lacked the 

inclusion criteria or had received prior treatment for prostate cancer or if they were unable to 

tolerate general anesthesia. MRI-guided biopsy, the focus of the present investigation, was 

performed in all patients prior to enrollment, within 45 days of treatment, and again in 28/29 

patients six months afterward. Quality of life questionnaires (IIEF-5, IPSS, EPIC-26) were 

completed upon enrollment and at the 6-month follow-up. The trial was approved by the 

UCLA IRB; a study-specific consent form was signed by all participants; and the trial was 

registered at clinicaltrials.gov.
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Cryoablation Procedure

All procedures were performed on outpatients under general anesthesia at the UCLA 

Ambulatory Surgical Center by a study co-author. Prior to procedure all men received a 

cleansing enema and antibiotic prophylaxis. Following induction of anesthesia, patients were 

placed in the dorsal lithotomy position; genitalia and perineum were prepared in the usual 

fashion. An 18 French coude-tip Foley catheter was placed in the bladder. Transrectal bi-

planar ultrasound was performed using the Flex Focus 800 (BK Medical; Peabody, MA), the 

probe held in place with a stepper/stabilizer (Civco; Coralville, Iowa). 14-gauge argon gas 

cryotherapy probes (Galil Medical, Inc; Arden Hills, MN) were introduced through the 

perineum and spaced to treat the entire hemi-gland. Two or three cryoablation needles were 

used, depending on prostate volume (average 38cc), ensuring a 10–12 mm zone of ‘lethal 

ice’ between needles and capsule23. A thermal safety probe was next inserted between the 

posterior prostate and anterior rectal wall to ensure that the rectum was not cooled below 

0°C. Supplementary Figure 1 shows an example ultrasound view of a hemi-gland 

cryoablation procedure.

Following needle placement, flexible cystoscopy was performed to confirm that no needle 

had penetrated the urethra or bladder. A guide wire was then inserted into the bladder, over 

which a urethral warming catheter was placed. 44°C water was then circulated through the 

warming catheter for prevention of urethral freezing. Cryoablation was initiated anteriorly, 

with observation of ice ball formation under real-time ultrasound monitoring. Posterior 

needles were activated after visualization of the developing anterior freeze (approximately 2 

minutes). Completion of freezing was determined by observation of rectal wall temperatures 

and leading edge of the ice ball (another 5–8 minutes). Two cycles of freezing were 

employed in all patients with an interim thaw sufficient to visualize internal tissue 

characteristics (approximately 8 minutes). The urethral warming catheter was kept in place 

for 15 minutes after completion of the second cryoablation cycle. Manual pressure was held 

for 5 minutes on the perineal puncture sites. After removal of the urethral warming catheter, 

an 18F indwelling Foley catheter was placed for 48 hours. Operating time (from initial to 

final catheter insertion) did not exceed 60 minutes.

Follow-up Evaluations

All patients were discharged within a few hours of the procedure with the Foley catheter in 

place. Discharge medications included a quinolone antibiotic and non-narcotic oral 

analgesic. Patients returned to clinic at 2 days for voiding trial. PSA, DRE, UF, PVR, and 

questionnaires were obtained at 3 and 6 months. Repeat multiparametric MRI (mpMRI) and 

targeted biopsy of the prostate were performed 6 months after treatment using the same 

MRI/US fusion device, which permitted re-call of stored images and biopsy sites from the 

initial fusion biopsy. MpMRI was interpreted using PI-RADSv224.

Figure 1 demonstrates how follow-up biopsies were performed. The treated side, including 

the original MRI-visible region of interest and adjacent ipsilateral sites, was resampled using 

targeted biopsy. From 4–16 biopsy cores (average 10) were obtained from the treated side of 

the prostate. the number depending on prostate volume. Contralateral biopsy was deferred at 

the 6-month point and is planned per protocol for 18-month follow-up. Adverse events were 
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defined and graded according to the National Cancer Institute’s Common Terminology 

Criteria for Adverse Events (NCI CTCAE).

RESULTS

Clinical characteristics of the 29 patients are shown in Table 1. The men are a mostly-

Caucasian group in their late 60s with moderate PSA elevations. The majority had an MRI-

visible lesion containing a clinically-significant prostate cancer (csCaP) on one side of the 

organ. Before treatment, all patients received mpMRI with combined systematic and 

targeted biopsy to confirm unilateral disease.

Cryoablation was completed in all 29 patients with no intra-operative complications. At the 

6-month mpMRI, the median decrease in prostate volume from baseline was 11.0 cc (IQR = 

6–15). The median decrease in PSA at the 6-month follow-up was 5.6 ng/ml (IQR = 2.9–

8.2). The median decease in PSA density was 0.14 ng/ml/cc (IQR = 0.07–0.22). All 

decreases were statistically significant (all P < 0.01). Individual patient changes are shown in 

Table 2; group changes are shown in Figure 2.

Histological Changes

All patients underwent repeat fusion biopsy of the treated hemi-gland at 6 months. Targeted 

cores were taken from the site of the original MRI-visible lesion or tracked sites, adjacent 

tissue, and systematically from the treated side (Figure 1). At this session, an average of 10 

tissue cores (range, 4 to 16) was obtained. Follow-up biopsy was guided by repeat mpMRI at 

6 months in all but one patient, who declined re-imaging and underwent fusion biopsy 

guided by his original MRI. In 23 of 29 patients, follow-up biopsy revealed no cancer. Three 

patients had persistent csCaP at time of re-biopsy (all with GS 3+4) and underwent further 

treatment (radiation in two, repeat cryoablation in one). Three patients had residual 

insignificant or minute CaP as defined by Tay and colleagues25, one GS 3+3 (2mm) and two 

with GS 3+4 (0.5mm and 1mm), and entered active surveillance. In comparing the 6 men 

with residual cancer vs the 19 with no residual cancer, no significant difference was found 

among baseline parameters, including age, Gleason score, MRI grade, PSA, prostate 

volume, and PSA density.

MRI Changes

Representative examples of MRI findings before and after treatment are shown in 

Supplementary Figure 2, for both a treatment success (no tumor at follow-up) and a 

treatment failure (residual csCaP). As shown in Table 2, of the 26 patients with a region of 

interest (ROI) present on baseline MRI, 23 (88%) showed disappearance of the target on 

follow-up MRI; in 19 of the 23 (83%), no cancer was found on follow-up biopsy. In the two 

cases where the target was found to persist, one was biopsy-negative at 6 months and one 

showed a small amount of Gleason 6; one patient declined follow-up MRI. In four of six 

men with residual tumor, no lesions were seen on repeat mpMRI. In no case did an 

ipsilateral target (ROI) develop de novo during the 6-month interval between baseline and 

follow-up biopsy; two new lesions (both PI-RADSv2 Grade 3) were seen contralaterally at 6 

months, and will be evaluated at the planned 18 month follow-up. In the single case in which 
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residual tumor was indicated by MRI (26-KL), mass-like low T2 signal, focal early 

enhancement with rapid washout, and persistent diffusion restriction were noted. Gross 

shrinkage of the treated side was often seen.

Quality of Life Measures

24 men reported erections adequate for penetration prior to treatment. Of the 19 men who 

had attempted intercourse since treatment, 16 (84.2%) reported no change in sexual 

function. No incidence of incontinence was observed. At 6 months, average IPSS and 

EPIC-26 scores showed no statistically significant change from pre-treatment scores (p = 0.1 

and 0.73 respectively). There was a minor but statistically significant decrease in sexual 

function and/or satisfaction: average IIEF-5 scores decreased from 18.0 ± 5.6 to 15.5 ± 3.0 

(p = 0.04).

Adverse events

One case of transient urinary retention (grade 1), resolving spontaneously at 7 days post-

treatment, constituted the sole adverse event. No grade ≥ 2 adverse events were recorded 

during follow-up.

COMMENT

The present investigation of hemi-gland cryoablation, though limited by short-term study of 

a relatively small sample, differs from previous work and adds to the knowledge base in 

several ways. First, the study was prospective, IRB-approved, registered, and featured strict 

inclusion/exclusion criteria. Many previous studies lack such a design. Second, all patients 

treated were men with csCaP cancer; in fact, nine men had tumors with primary Gleason 

score of 4, and only two had Gleason 6 lesions, both of which were high-volume. In many 

other studies, PGA cryotherapy has been performed for lesions that are now considered 

clinically insignificant, i.e., low-volume Gleason Score of 6. Thus, the success rate reported 

herein represents a possible life-altering intervention vis-à-vis treatments of tumors that 

would likely not affect life expectancy.

Further, and the focus of the present investigation, MRI-guided biopsy, which was both 

targeted and systematic, was included to bolster patient evaluation by helping to ensure that 

PGA was appropriate8. In most prior studies of hemi-gland cryoablation, biopsies were 

performed via ultrasound guidance (i.e., ‘blind’), which often fails to detect clinically 

significant cancers. In the present study, biopsy follow-up, also MRI-guided, was mandated 

in the protocol and completed in 28/29 patients. Tracking of biopsy sites, a function of 

fusion devices, enables re-sampling of previous cancer foci, within or without of MRI-

visible lesions21,26, and was used routinely to increase sensitivity of follow-up biopsy. Few 

prior studies of cryoablation have employed a protocol mandating a follow-up biopsy, and 

according to a recent literature review25, none by MRI-guided biopsy before and after 

treatment.

The COLD Registry, established in 2006 and now housed at the Cleveland Clinic, contains 

data on more than one thousand men who have undergone partial gland ablation (PGA) with 

cryotherapy4. From treatment observations in this large heterogeneous repository, compiled 
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online by numerous investigators nationwide, the procedure appears relatively safe: 

incidence of fistula was 0.1% and urinary incontinence 1.6%. The quality of life data, 

obtained prospectively in the present investigation via validated questionnaires, is consonant 

with findings reported in the registry. We encountered no fistulae, no urinary incontinence, 

and little change in sexual function.

In a recent study of 166 men in the registry who underwent PGA for intermediate risk 

disease, the rate of biochemical-free survival at 2 years was approximately 80%27. PSA data 

obtained herein confirm a statistically significant decline in levels at 6 months, from 6 ng/ml 

pre-treatment to 1.5 ng/ml post-treatment (p<0.01); additionally, since prostate volume was 

available at that interval, PSAD was also determined. Prostate volume declined from 38 to 

25 (p<0.01), reflecting the hemi-gland ablation (Figure 2). PSA levels declined more than 

prostate volume, resulting in a marked decline in PSA density from 2.0 to 0.7 (p<0.01) 

(Figure 2). Taken altogether, the volume-related PSA changes imply a shift away from a 

malignant composition of the organ.

However, biopsy data are regarded as the sine qua non for determination of PGA efficacy8. 

In previous studies of cryotherapy, post-treatment biopsy data, confirming efficacy of PGA, 

are scarce. In the registry study cited above, biopsy rate was 26% (and many biopsies were 

‘for cause’, usually PSA elevation)27. In another recent study, including 393 men undergoing 

cryotherapy for low and intermediate risk lesions (90% PGA), only 46 (12%) had a follow-

up biopsy, all ‘for cause’7. In the present study, 28/29 patients underwent the mandated 

biopsy at 6 months, and approximately 80% were found to be free of histologic evidence of 

cancer at that interval; 10% had foci of micro-residual lesions and entered active 

surveillance; and 10% had persistence of ≥GS7 cancers, requiring further treatment. Thus, 

the histologic evidence furnished in the present report is compelling, since it was obtained 

via MRI guidance and electronic tracking of biopsy sites, rather than by US guidance alone. 

The early histologic results of hemi-gland cryoablation, using contemporary biopsy methods 

for patient selection and follow-up, are encouraging.

MRI-visible lesions were present before treatment in 26 men, disappearing after treatment in 

23/25 pairs available for study. Of the 23 men whose lesion disappeared after treatment, 19 

were found to have no tumor on biopsy; 4 men had various amounts of residual tumor. 

However, among the 6 cases with biopsy-proven persistence of various amounts of cancer, 

four had no visible lesions at repeat MRI (one patient declined repeat imaging). Thus, 

disappearance of an MRI-visible lesion was associated with the treatment, but did not 

specifically indicate eradication of cancer. In a retrospective study with limited biopsy 

correlations, Kongyuy et al reported a similar observation28. The role of MRI in evaluating 

response to treatment remains a subject for further investigation.

Earlier applications of cryotherapy often employed whole gland treatment for lesions which 

may have been inadequately characterized and of high risk. Limiting treatment to lesions of 

intermediate risk, which are well-defined and localized via MRI-guided biopsy, appears to 

create opportunity for a safe, effective application of cryotherapy (and other types of focal 

therapy). As shown here and elsewhere, hemi-gland cryoablation compares favorably with 

other treatment options regarding quality of life after treatment. Hemi-gland ablation, when 
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used for lesions confined to part of one prostate lobe, offers the additional advantage of wide 

treatment margins. Further, cryotherapy of prostate cancer, whole gland or partial, is 

approved under a U.S. FDA action in 2002 and has for years been covered by most third-

party payors.

Limitations to the present study include its observational nature, the small sample size 

(N=29), short follow-up (6 months), and lack of contralateral biopsy at follow-up. However, 

absence of new MRI lesions at follow-up implies a likelihood that no important cancer 

developed (or was missed previously). Targeted and systematic tissue sampling, both 

contralateral and ipsilateral, is planned at the 18-month interval. In the interim, men found to 

contain no cancer at 6 months (or insignificant amounts) are being followed in an active 

surveillance program described previously29. Pending results of appropriately-powered, 

long-term investigations with patient selection and follow-up as indicated herein, hemi-gland 

cryoablation warrants further study.

CONCLUSION

When patient selection and follow-up employ contemporary biopsy methods, hemi-gland 

cryoablation of clinically-significant prostate cancer provides a safe treatment option for 

which a short-term cancer-control rate of 80% may be expected. Complications of treatment 

are few.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Illustration of biopsy method: A, baseline and B, 6-months after successful hemi-gland 

ablation. Before treatment (A) patient has an MRI-visible lesion on the left (red spot). 

Targeted cores taken from the lesion (shown in green) were found to contain csCaP. 

Systematic cores (blue) were found to contain no csCaP outside the lesion, making the 

patient eligible for focal therapy. After hemi-gland ablation (B), biopsy cores are guided by 

MRI/US fusion tracking to the region of the prior positive spots; the lesion, which was seen 

previously, has receded. All cores are now negative for cancer, both targeted and systematic 

ipsilaterally. In this study of hemi-gland ablation, 6-month biopsy samples were taken from 

the treated side of the prostate (see text).
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Figure 2. 
Chart showing group changes in Gleason Score (A) and Box & Whisker plots showing 

group changes in prostate volume (B), PSA (C), and PSA density (D) between baseline (red) 

and 6 months after hemi-gland ablation (green). In C, open box = treatment success (no 

cancer at f/u biopsy) and dark box = treatment failure (cancer present at f/u biopsy). All 

changes are statistically significant (p<0.01).
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Table 1.

Clinical Characteristics (n = 29)

Mean Age, years (SD) 68.7 (6.3)

Ethnicity n (%)

 Caucasian 21 (76)

 Hispanic 5 (14)

 Asian 2 (7)

 African American 1 (3)

PSA, ng/ml, median (IQR) 6.6 (5.2–10.3)

Prostate Volume, cc, median (IQR) 37.5 (27.8–50.0)

PSA density, ng/ml/cc, median (IQR) 0.20 (0.14–0.26)

PI-RADS™ v2 ROI, n (%)

 Grade 5 15 (52)

 Grade 4 8 (28)

 Grade 3 3 (10)

 MRI negative 3 (10)

Gleason Score, n (%)

 3+3 (high volume) 2 (7)

 3+4 18 (62)

 4+3 5 (17)

 4+4 4 (14)
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