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Abstract

Objective—To investigate the effects of focal (hemiablation) or total cryotherapy and minimum
tumor temperature on patient-reported quality of life (QoL) in prostate cancer patients.

Methods—An IRB-approved database was reviewed for patients who underwent cryotherapy or
active surveillance (AS). QoL questionnaire responses were collected and scores were analyzed
for differences between focal versus total cryotherapy and very cold (<—76° C) versus moderate-
cold (==76°C) minimum tumor temperatures.

Results—A total of 197 patients responded to a total of 547 questionnaires. Focal and total
cryotherapy patients had initially lower sexual function scores relative to AS (year 1 mean
difference focal: —31.7, p<0.001; total: —48.1, p<0.001). Focal cryotherapy was associated with a
more rapid improvement in sexual function. Both focal and total cryotherapy sexual function
scores were not statistically significantly different from the AS cohort by post-procedural year 4.
Very cold and moderate-cold temperatures led to initially lower sexual function scores relative to
AS (year 1 very cold: —38.1, p<0.001; moderate-cold: —30.7, p<0.001). Moderate-cold
temperature scores improved more rapidly than those of very cold temperature. Neither very cold
nor moderate-cold temperatures had a statistically significant difference in sexual function scores
relative to AS by post-procedural year 4. Urinary function and bowel habits were not significantly
different between focal and total cryotherapy, or very cold versus moderate-cold temperature
groups.

Conclusion—Focal cryotherapy and moderate-cold (=—76°C) temperature were associated with
favorable sexual function relative to total cryotherapy and very cold temperature, respectively. No
significant differences in urinary function or bowel habits were observed between groups.
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INTRODUCTION

Cryotherapy is an effective primary treatment modality for localized low and intermediate
risk prostate cancer 12, Over the past decade, cryotherapy advancements have allowed for
comparable rates of biochemical recurrence and higher quality of life (QoL) relative to
traditional treatment modalities 3-2. However, sexual function after cryotherapy has been
reported to initially decline following treatment 87, Thus, it is critical to identify modifiable
parameters of the cryotherapy technique that do not negatively impact disease control, but
may be associated with improved QoL outcomes.

Cryotherapy is the controlled freezing of the prostate gland 8. The rapid decrease in
temperature results in protein denaturation, disruption of blood supply, and prostate cell
apoptosis. The generally accepted therapeutic temperature of —40° C or colder should be
obtained throughout the tumor and its periphery to ensure complete tissue destruction 91011,
Although cold temperatures may cause nerve damage, this is usually transient due to the
resilience of the neural sheath 12. The extent of nerve damage exhibits temperature
dependence 13-18, Therefore, because post-procedural QoL in terms of sexual function may
be directly affected by the extent of cryo-injury in the neurovascular bundles, we chose to
determine how minimum tumor temperature is associated with patient-reported quality of
life following the cryotherapy procedure.

In patients with unilateral disease, cryotherapy may be used to hemiablate the disease-
containing half of the prostate sparing the contralateral neurovascular bundle with the goal
of maintenance of continence and potency 3519, Robust evidence of oncological outcomes
of focal therapy is lacking 320, Therefore, we analyzed the QoL in focal (hemiablation)
cryotherapy patients, and how it compares to that in patients who underwent total
cryotherapy or active surveillance (AS) 1. We investigated two modifiable parameters of
cryotherapy: minimum tumor temperature and extent of cryoablation (focal and total gland
ablation) to determine their association with post-procedural QoL (urinary, bowel, and
sexual function) in prostate cancer patients.

MATERIAL & METHODS

Database maintenance

An IRB-approved institutional prostate cancer database was prospectively maintained with
patient characteristics and questionnaire scores including the Expanded Prostate Cancer
Index Composite (EPIC) and the International Index of Erectile Function Questionnaire
(IIEF), valid and reliable questionnaires for the assessment of QoL in prostate cancer
patients22:23,
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Design and patients

Consented prostate cancer patients received EPIC and IIEF questionnaires at three-month
intervals after the initiation of cryotherapy or enrollment in the AS protocol. Patients who
received salvage cryotherapy were excluded. All other patients who underwent primary
cryotherapy or AS from February 2011 to March 2017 and completed at least 1
questionnaire within the four years following treatment were included.

Cryotherapy technique

Patients were shown to be negative for metastasis via abdominal/pelvic imaging and bone
scan. A single surgeon performed all cryotherapy procedures using the Galil Cryotherapy
Surgical System (Galil Medical, Inc. Arden Hills, MN) 24. First, transrectal ultrasound
(TRUS) was used to determine prostatic dimensions and locations of the urethra, peripheral
zone, and distance to the prostatic capsule for optimal placement of 17-gauge (1.47 mm)
cryoneedles or 2.4 mm cryoprobes, and thermocouples?®. Candidates for focal cryotherapy
were identified using a number of factors including PSA less than 10, unilateral disease, lack
of extracapsular extension, and patient interest in maintaining sexual function. In focal
cryotherapy, the cancer-containing half of the prostate was hemiablated, sparing the
contralateral lobe and neurovascular bundle. In total cryotherapy, the prostate was ablated
bilaterally. In both focal and total cryotherapy, prostatic tissue was cooled rapidly to a target
of —40°C. The ice ball was directly visualized on TRUS during formation and was
monitored throughout the procedure. Damage to the nerves was minimized using color
Doppler TRUS, and urethral damage was avoided using a warming catheter. No rectal
warming or saline block were employed. Two freeze-thaw cycles were performed.
Temperatures were monitored with thermal sensors positioned at 5 mm, 15 mm, 25 mm, and
35 mm from the cryoneedle tip to ensure complete ablation of targeted tissue. The minimum
temperature recorded out of all segments of all cryoneedles during a procedure was termed
“minimum tumor temperature”, and used for subsequent analysis.

Patient cohort design and analysis

First, the entire cryotherapy group was separated into two cohorts: focal and total
cryotherapy. Here, our focal cohort refers to men who underwent hemiablation of the
prostate gland. Each group’s QoL scores were compared to the AS QoL scores and to each
other at corresponding time points following the treatment. In the next portion of our study,
the entire cryotherapy group was divided into two cohorts based on the minimum tumor
temperature achieved during cryotherapy: moderate-cold and very cold. From database
review, the median minimum tumor temperature in our cryotherapy cohort was determined
to be —76° C. Because there are no reports to our knowledge to guide the choice of
temperature (besides being —40° C or colder), the median minimum tumor temperature in
our cryotherapy cohort was chosen as the cutoff between the two temperature groups. Thus
the “very cold” group was defined as those who had minimum tumor temperatures below
-76° C, and the “moderate-cold group” was defined as those who had minimum tumor
temperatures of —76° C or above. Each of these groups was compared to each other and to
AS patients. A t-test was used to compare the mean tumor temperature scores between the
total and focal cryotherapy groups. The t-test was also used to compare preoperative mean
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PSA and age among cohorts. The chi-squared test was used to compare race, mean Gleason
scores, and use of medical treatment for urinary or sexual function among cohorts. A p-value
less than 0.05 was considered statistically significant.

Available patient symptom scores in each of the EPIC domains (urinary function, bowel
habits, sexual function) and IIEF domains (erectile function, orgasmic function, sexual
desire, intercourse satisfaction, and overall sexual satisfaction) were quantitated for
cryotherapy and AS patients. Timing of the questionnaires was rounded to the nearest three
months. EPIC and IIEF subdomain score means and standard deviations were obtained, and
data were plotted as a function of time following procedure or AS enrollment. Statistical
analyses were completed using Prism (GraphPad Software, Inc., La Jolla, CA), and results
with p-values less than 0.05 were considered statistically significant. Mean scores of total
curves were compared to one another using analysis of variance (ANOVA). A Bonferroni
multiple comparison post-test was used to compare total, focal, very cold temperature, or
moderate-cold temperature cryotherapy to AS patients. Then, a Bonferroni multiple
comparison post-test was used to compare total cryotherapy scores to focal cryotherapy
scores directly, and again used to compare very cold minimum tumor temperature patient
scores to moderate-cold temperature patient scores directly. Mean scores were then similarly
compared at 12 month intervals: 0-12 months (post-procedural year 1), 13-24 months (post-
procedural year 2), 25-36 months (post-procedural year 3), 37-48 months (post-procedural
year 4). P-values were obtained and indicated with asterisks within their respective time
intervals on the graphs. Data were smoothed for graphical representation.

One hundred ninety-seven (129 cryotherapy [focal 89, total 38, very cold 52, moderate-cold
64; focal/total information and temperature information was not available for 2 and 13
patients, respectively] and 68 AS) patients were included in our study, with a median follow-
up of 30 months post-procedure (Table 1). The mean minimum tumor temperature of the
focal group was —74° C and the mean minimum tumor temperature of the total group was
—70° C. These means were not statistically significantly different (p=0.21). Patient
demographics and tumor characteristics are indicated in Table 1. The stratification of
questionnaire sets by year and patient cohort is shown in Supplementary Table 1.
Approximately 13% of our patients received hormonal therapy.

Effect of focal versus total cryotherapy on patient QoL

There were no statistically significant differences in urinary function (p=0.27) or bowel
habits scores (p=0.12) among the total, focal cryotherapy and AS groups (Figures 1A and
1B). There was no statistically significant difference in alpha-blocker and 5-alpha-reductase
inhibitor use (Table 1, p=0.56) or PDES inhibitor use (Table 1, p=0.24) between the total and
focal cryotherapy groups. Both total and focal cryotherapy patients reported lower sexual
function scores relative to AS soon after the procedure, then improved toward AS level
scores, and were not significantly different from AS by post-procedural year 4 (Figure 1C).
During the first post-procedural year, cryotherapy patients who underwent focal cryotherapy
reported significantly lower sexual function scores relative to AS patients (mean difference:
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-31.7, p<0.001). Similarly, in the first post-procedural year, the total cryotherapy group
reported lower scores than those of AS (—48.1, p<0.001). Over the next three years, the
mean differences between focal cryotherapy sexual function scores and AS decreased with
no significant difference by post-procedural year 2. On the contrary, total cryotherapy sexual
function scores remained significantly lower compared to AS scores until post-procedural
year 4 when the scores were no longer statistically significantly different. In post-procedural
years 1-3, focal cryotherapy patients reported scores significantly better than those of total
cryotherapy patients (year 1 mean difference: 16.4, p<0.05; year 2: 21.7, p<0.001; year 3:
24.8, p<0.01), but by year 4 there was no significant difference between the two groups (7.3,
n.s.). Neither focal nor total cryoablation patient groups had a significant difference in
sexual function score relative to AS patients by the post-procedural year 4. There was no
statistically significant difference in mean minimum tumor temperatures between the total
(70° C) and focal (74° C) groups (p=0.21).

Focal cryotherapy patients were seen to have early lower scores in all IIEF sub-domains
(post-procedural year 1 erectile function mean difference: —13.4, p<0.05; orgasmic function:
5.2, p<0.001; sexual desire: —2.8, p<0.01; intercourse satisfaction —6.1, p<0.05; overall
satisfaction: —3.0, n.s.), but exhibited rapid improvement by post-procedural year 2, with no
statistically significant difference compared to AS IIEF sub-domain scores. Similarly, the
total cryotherapy patients had initial lower scores (post-procedural year 1 erectile function
mean difference: —17.4, p<0.01; orgasmic function: 7.5, p<0.001; sexual desire: -2.8,
p<0.01; intercourse satisfaction —7.3, p<0.01; overall satisfaction: —3.9, p<0.05) that
improved over the following years. By post-procedural year 4, there was no difference
between IIEF scores in any sub-domain of total cryotherapy patients and the AS cohort.
Overall, both focal and total cryotherapy patients experienced initially lower sexual function
scores, but rapidly improved in the following years. Focal patients had a more rapid
improvement as compared to total cryotherapy patients.

Effect of minimum tumor temperature on cryotherapy patient QoL

There was no statistically significant difference in urinary function (p=0.77) or bowel habits
(p=0.15) scores among the very cold temperature, moderate-cold temperature, and AS
groups either when analyzed for the entire time course or over yearly intervals (Figures 3A
and 3B). There was no statistically significant difference in alpha-blocker and 5-alpha-
reductase inhibitor use (Table 1, p=0.41) or PDES5 inhibitor use (Table 1, p=0.55) between
very cold and moderate-cold cryotherapy groups. Sexual function scores were significantly
different among the very cold temperature, moderate-cold temperature, and AS groups
(p<0.0001) (Figure 3C). When analyzed at yearly intervals, the moderate-cold group had
significantly lower scores than those of AS in the first post-procedural year (moderate-cold
year 1: —30.7, p<0.001). The very cold temperature group scores were significantly lower
than those of the AS group during the first 2 post-procedural years (year 1 mean difference:
-38.1, p<0.001; year 2: —18.2, p<0.001). By post-procedural year 2, the moderate-cold
temperature group scores were not significantly different from AS (-2.2, n.s.), and by post-
procedural year 3 the very cold temperature group scores were not significantly different
from AS (-13.5, n.s.). Overall, the moderate-cold temperature group exhibited a more rapid
improvement in sexual function scores than the very cold temperature group. Given the
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lower proportion of focal cryotherapy in the moderate-cold group (59% focal) relative to the
very cold group (78% focal), focal versus total cryoablation is unlikely to account for the
difference in sexual function between the minimum tumor temperature groups.

In all I1EF subdomains, the very cold temperature group had a slower improvement in IIEF
scores than the moderate-cold temperature group (Supplementary Figure 1A-E).
Furthermore, in terms of intercourse satisfaction, the very cold temperature group scores
remained significantly lower than those of the AS group at 4 years post-procedure (mean
difference: —2.2; p<0.05), whereas the moderate-cold temperature did not (0.07, n.s.). In the
very cold temperature group, there was minimal improvement over the four post-procedural
years in the sexual desire (mean score + SD year 1: 4.6 + 0.8; year 4: 5.8 + 1.0) and overall
satisfaction subdomain scores (year 1: 3.8 + 0.7; year 4: 5.1 + 1.0). Overall, the very cold
temperature group reported lower sexual function scores in the EPIC questionnaire and most
of the IIEF subdomains relative to the moderate-cold group.

DISCUSSION

Cryotherapy has become an important modality in the primary treatment of low and
intermediate risk prostate cancerl. Our study provides novel insight into the quality of life in
prostate cancer patients following primary cryotherapy. Overall, our results indicate that,
over the four years following the procedure, focal cryotherapy of the prostate gland and a
moderate minimum tumor temperature are associated with superior patient-reported sexual
function, relative to total cryotherapy and a very cold minimum tumor temperature,
respectively. Advancements in imaging and cryotherapy technology continue to allow for
minimal collateral damage in an attempt to preserve erectile functionZ%. In our study, despite
an early post-operative lower sexual function, we observed progressive recovery and no
difference in EPIC sexual function scores between any of our cryotherapy groups and AS by
the fourth post-procedural year.

Focal cryotherapy in prostate cancer treatment spares the contralateral neurovascular
bundle8. Our results extend those of Shah et a/., who systematically reviewed current
literature and found erectile dysfunction to be present in 0-42% of men after having
undergone focal cryotherapy?’. In our focal cryotherapy cohort of patients, we observed no
significant difference in erectile function relative to the AS cohort by the second post-
procedural year. In contrast, our total cryotherapy cohort did not recover to scores similar to
AS until post-procedural year 4. We attribute these differences to the sparing of the
contralateral neurovascular bundle during focal cryotherapy.

A minimum cryotherapy temperature of —40°C is generally accepted as a therapeutic
threshold 92829, Both the very cold (below —76° C) and moderate-cold temperature groups
(=76° C or above) improved in sexual function scores over the four post-procedural years.
However, the very cold temperature group had generally worse scores and a slower
improvement than the moderate-cold temperature group in terms of sexual function and its
various subdomains. Therefore, the minimum tumor temperature should be chosen carefully,
as it may have implications in the post-procedural QoL following cryotherapy. Additional
studies are needed to further investigate and identify the optimal temperature range.
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Nerve injury within the neurovascular bundles following cryotherapy is a possible
complication 1218 Studies have demonstrated that such injury is usually transient 30:31, The
resilience of the neural sheath allows for axonal regeneration following cryo-injury. If the
sheath is not irreparably damaged, both sensation and motor function return spontaneously
over many months. Both moderate-cold minimum tumor temperature and focal cryotherapy
may spare the architecture of the neural sheath and provide for an efficient scaffold for
neural regeneration, resulting in a rapid improvement in sexual function scores.

Our analysis compared patient-reported QoL scores following cryotherapy treatment to
scores of patients who underwent AS, at respective time points. Because our study is
retrospective in nature, the baseline scores for cohorts were not available in sufficient
number for inclusion in our analysis. However, our interpretations and conclusions in thus
study were based only on comparison of QoL scores following cryotherapy to those scores
following initiation of AS, not relative to baseline scores. Further, because our database
review was retrospective in nature, it was subject to potential selection bias. For example, as
indicated in Table 1, the mean age of the total cryotherapy population was greater than that
of the focal cryotherapy population. In this case, the greater age as well as potentially greater
comordities could contribute to a lower post-procedural QoL. To the contrary, the total
cryotherapy cohort exhibited excellent urinary function, bowel habits, and sexual function
scores, similar to the active surveillance cohort by post-procedure year 4. While hormonal
therapy is known to be associated with adverse sexual function, only a small subset (~13%)
of patients in our cryotherapy cohort underwent hormonal therapy. Because our study’s
emphasis was specifically on cryotherapy outcomes, we chose to investigate patients
irrespective of ongoing hormonal treatments. It is known that cryotherapy is an effective
primary option for disease control in low and intermediate risk prostate cancer 12. The scope
of the present study was to investigate QoL outcomes following cryotherapy, irrespective of
disease control in our cohorts. Further studies are underway to investigate biochemical
recurrence, PSA response, and disease control in our patient population. The variable annual
response rates in our cohorts were an additional limitation. In particular, in the fourth year of
our study, only 7 questionnaires were available from patients who underwent total
cryotherapy (Supplementary Table 1). This may have partially accounted for the lack of
significant difference in sexual function between the total cryotherapy cohort and the AS
cohort seen in Figures 1C and 2. Although our institution’s cryotherapy database is among
the largest single-center databases, patient sample size remains a limitation. Additional high-
powered studies will be needed to further explore the effects of cryotherapy parameters on
patient QoL.

CONCLUSIONS

Post-procedure urinary function and bowel habit scores in the total cryotherapy, focal
cryotherapy, moderate-cold cryotherapy (=-76° C), and very cold (<-76° C) cryotherapy
groups were not significantly different relative to the active surveillance group. The total
cryotherapy group exhibited post-procedural sexual function scores initially lower than the
active surveillance group. The total cryotherapy group sexual function scores then improved
over the ensuing three years, and were similar to those of the active surveillance group by
post-procedure year 4. The focal cryotherapy group exhibited a similar trend, but with a
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more rapid improvement, reporting similar sexual function scores to those of the active
surveillance group by post-procedure year 2. A moderate-cold minimum tumor temperature
(=-76° C) was associated with a more rapid improvement in most sexual function scores
relative to a very cold temperature (<-76° C).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Prostate cancer patient quality of life in the 4 years following total cryotherapy, focal
cryotherapy, and AS as quantitated by EPIC questionnaire

Urinary function (A), bowel habits (B), and sexual function (C) are shown as quantitated by
the EPIC questionnaire over the four years following total cryotherapy (blue dashed line),
focal cryotherapy (blue solid line), or AS (black line). Asterisks indicate statistically
significant differences relative to AS. *p<0.05, **p<0.01, ***p<0.001.
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Figure 2. Prostate cancer patient sexual function in the 4 years following total cryotherapy, focal
cryotherapy, and AS as quantitated by IIEF questionnaire subdomains

Erectile function (A), orgasmic function (B), sexual desire (C), intercourse satisfaction (D),
and overall sexual satisfaction (E) are shown as quantitated by the IIEF questionnaire
subdomains over the four years following total cryotherapy (blue dashed line), focal
cryotherapy (blue solid line) or AS (black line). Asterisks indicate statistically significant
differences relative to AS. *p<0.05, **p<0.01, ***p<0.001.
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Figure 3. Prostate cancer patient quality of life in the 4 years following very cold minimum
tumor temperature cryotherapy, moderate-cold minimum tumor temperature cryotherapy, and
AS as quantitated by EPIC questionnaire

Urinary function (A), bowel habits (B), and sexual function (C) are shown as quantitated by
the EPIC questionnaire over the four years following very cold minimum tumor temperature
cryotherapy (blue line), moderate-cold minimum tumor temperature cryotherapy (red line),
or AS (black line). Asterisks indicate statistically significant differences relative to AS.
*p<0.05, **p<0.01, ***p<0.001.
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