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ABSTRACT 
Introduction: Routine PSA screening for pros-
tate cancer (PCa) has increased the detection of 
intermediate-risk, localized disease. Conven-
tional treatments for localized PCa include sur-
gery, brachytherapy, cryotherapy or external 
beam radiotherapy (EBRT). However, for inter-
mediate risk patients, rates of recurrence are 
moderately high and a multi-modal treatment 
approach for these patients may be necessary. 
We treated patients with a combination of cryo-
therapy and low dose EBRT to assess the safety 
and feasibility of this combinatory approach as 
well as to evaluate early oncological outcomes. 
Case Presentation: Men with intermediate risk 
(PSA = 10 - 20 ng/ml and/or Gleason = 7 and/or 
clinical T2b) localized PCa were prospectively 
enrolled in this study. Patients underwent cryo-
therapy and then 39 Gy EBRT 4 - 6 weeks after 
surgery. After completing EBRT, the men were 
followed every 3 months for 2 years. Adverse 
events, PSA, urinary and erectile function were 
assessed during each follow-up. Three patients 
completed the study. Preoperative PSA ranged 
from 3.5 to 7.9 ng/ml. There were no intraopera-
tive complications and the treatment was well 
tolerated. Following cryotherapy and EBRT, all 
patients were pad-free within 6 months and re-
mained continent for the duration of the study. 
Bother index remained stable throughout the 
study for all patients. No urethral strictures or 
rectal toxicities were observed. PSA remained 
undetectable for all patients. Conclusions: In 

this prospective study, cryotherapy combined 
with low dose EBRT was a safe approach for the 
treatment of intermediate-risk, localized PCa. 
Early oncological outcomes appeared to be fa-
vorable with all patients having undetectable 
PSA during the 2-year follow-up period. Further 
studies are warranted to confirm these prelimi-
nary results. 
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1. INTRODUCTION 
Routine PSA screening for prostate cancer (PCa) has 

increased the detection of localized disease, which can be 
divided into three risk groups: low, intermediate, and 
high [1,2]. Patients presenting these tumors may be 
treated with a variety of interventions including radical 
prostatectomy, cryotherapy, external beam radiotherapy 
(EBRT), and brachytherapy [3-5]; however, biochemical 
failure for patients with intermediate-risk disease is 
documented in approximately 20% - 40% of cases [6-8]. 
An improvement in the cure rate is needed for these pa-
tients. The American Urological Association (AUA) 
clinical guidelines have suggested a multi-faceted treat-
ment approach for localized PCa and encourage patients 
with localized disease to enroll in clinical trials investi-
gating combinatorial treatment strategies [9]. In recent 
years, cryotherapy has gained ground as a viable alterna-
tive for treating localized PCa [10-15]. Compared to the 
conventional surgery, cryotherapy is less invasive and 
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has a shorter recovery period [16,17]. Recurrence fol-
lowing cryotherapy is likely due to failure in the pe-
riprostatic (extracapsular) tissue although failure may 
also occur either in the central zone surrounding the ure-
thra due to the protective effect of the warming catheter 
or the prostatic apex [18]. On the other hand, the treatment 
failure following EBRT is likely to arise from the pros-
tate as a result of restricting the necessary amount of 
radiation required to eliminate the tumor while minimiz-
ing damage to surrounding tissues. Given that cryother-
apy and radiation may be complementary in that each 
may account for the potential deficiencies of one another, 
it is of great interest to assess the efficacy of a combina-
tion cryotherapy-EBRT treatment for localized PCa.  

We conducted the first step of a phase I dose-escala- 
tion study combining cryotherapy with EBRT. The aim 
of this trial was to assess the safety and feasibility of 
performing cryotherapy with subsequent radiation ther-
apy and assess early oncological outcomes of this ap-
proach. In this study, cryotherapy took the place of 
brachytherapy as a local treatment for intermediate-risk 
PCa. 

2. CASE PRESENTATION 
After approval from the Institutional Review Board, 

adult men who had biopsy confirmed, localized PCa with 
intermediate risk [2] (PSA 10 - 20 ng/ml and/or Gleason 
score of 7 and/or clinical T2b) with prostate volume ≤60 
cc were prospectively enrolled in this phase I study be-
tween 2007-2009 at this institution. All patients had a 
negative metastatic work up consisting of a bone scan. 
Additional staging imaging studies (CT, MR) were or-
dered at the physician’s discretion. The patients under-
went a complete history and physical exam that assessed 
sexual function, urinary function, bowel function, medi-
cal comorbidities, a rectal examination, and PSA level. 
Exclusion criteria included Karnofsky performance 
status (KPS) <90%, prior pelvic radiation therapy, che-
motherapy, or androgen deprivation therapy (ADT).  

This study was designed to consist of 4 levels of dose- 
escalating EBRT. We intended to include 24 patients 
with 6 patients in each level; however due to poor ac- 
crual, enrollment was closed prematurely. The Common 
Toxicity Criteria for Adverse Events (CTCAE) v3.0 cri- 
teria was used to grade complications and assess dose- 
escalating criteria.  

Patients were scheduled to undergo whole gland 
cryotherapy followed by EBRT 4 - 6 weeks after surgery. 
Our cryotherapy technique has been described elsewhere 
[14]. Briefly, we utilized third generation cryotechnology 
using 17G probes (Galil Medical Arden Hills, Minnesota) 
with transrectal ultrasound guidance. Cryoneedles were 
placed in standard fashion with each needle localized in 

both transverse and sagittal dimensions. Two freeze-thaw 
cycles were performed using Argon +/− helium gas, re-
spectively; optimal freezing temperature was gauged to 
be <−20˚C. At least 2 thermoprobes were placed, one 
each at the urinary sphincter and the anterior rectal sur-
face. Patients were discharged with a temporary urinary 
catheter and returned to clinic within 2 weeks.  

Radiation was to be administered in a dose-escalation 
fashion, starting at 39.6 Gy for a maximum of 54 Gy, 
within a 2 cm margin including the prostate and seminal 
vesicles, except posteriorly where the margin was 0.7 - 
1.0 cm. A planning CT scan and/or MRI were also ob- 
tained to contour all relevant structures. Intensity- 
modulated radiotherapy (IMRT) or 3-dimensional con- 
formal planning was employed to enable maximal block- 
ing of relevant tissues and to ensure full coverage of the 
prostate inferiorly. Prescription dose was delivered to the 
highest isodose line that completely covered the target 
volume.  For patients in group 1, the prostate and semi- 
nal vesicles would receive 39.6 Gy at 1.8 Gy per fraction. 
Patients in group 2 would receive an additional 5.4 Gy 
boost to the same volume, for a total of 45.0 Gy. In 
group 3 the final boost dose would be 50.4 Gy, and in 
group 4 it would be 54 Gy. 

Follow-up consisted of a post-cryotherapy (prior to 
EBRT) and post-EBRT visit, and every 3 months there-
after for 2 years after completion of radiation treatment. 
During each visit, adverse events (urinary incontinence, 
stricture, and rectal toxicity etc.) were assessed according 
to CTCAE v3.0 criteria; quality of life and urinary bother 
index were evaluated using the CTCAE and the Ameri-
can Urological Association Symptom Score question-
naire (International Prostate Symptom Score and prostate 
Bother Index combined), as well as sexual function (the 
International Index of Erectile Function, IIEF-5). Sexual 
potency was also evaluated on a scale of 1 to 5 (1 = able 
to have unassisted intercourse and 5 = unable to have 
erections on own/not interested in trying interventions). 
Urinary continence was also assessed by patient reported 
daily pad usage. Biochemical failure was defined as na-
dir + 1 ng/mL or PSA > 0.5 ng/mL after treatment. 

3. RESULTS 
A total of 6 patients were enrolled in this prospective 

study. However, only 3 patients completed the study 
protocol. One patient withdrew prior to cryosurgery; 
another chose to undergo EBRT with ADT; a third pa-
tient developed a urinary tract infection post-cryotherapy 
and opted not to proceed on the study.  

Table 1 details disease characteristics and patient 
demographics. All patients had biopsy Gleason scores of 
7. Clinical stage at presentation ranged from T1c to T2a 
disease; baseline PSA levels ranged from 3.5 to 7.9 
ng/mL, percent-free PSA from 0.5% - 15.2%, and IIEF-5  
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Table 1. Patient demographics and disease characteristics. 

Patient 
No. Race Age 

(Years) 
Gleason 
Score 

Clinical 
Stage 

PSA 
NG/ML 

% Free 
PSA IIEF-5 

1 Caucasian 74 7 (4 + 3) T2a 3.5 11.6 1 

2 Caucasian 72 7 (3 + 4) T2a 7.9 15.2 1 

3 Caucasian 66 7 (3 + 4) T1c 4.0 0.5 7 

PSA = Prostate specific antigen (Pre-treatment); IIEF-5 = International 
Index of Erectile Function. 
 
scores from 1 - 7. All 3 patients received the same level 
of radiation (39.6 Gy) during EBRT. 

There were no intraoperative complications and the 
immediate post-cryotherapy course was uneventful for 
these 3 patients. On the post-cryotherapy follow-up visit, 
patients reported using 1 - 3 pads. All patients were pad- 
free within 6 months following cryotherapy-EBRT and 
remained continent for the duration of the study. Table 2 
details patients’ functional outcomes. Of note, bother 
index remained stable at baseline levels throughout the 
duration of the study for all patients, whereas IPSS de- 
creased in 1, remained stable in 1 and increased in 1 
from baseline to the conclusion of the study. No addi- 
tional adverse events as defined by the CTCAE v3.0 oc- 
curred. Specifically, there were no instances of urethral 
stricture, slough, or rectal toxicity in this series. All pa- 
tients had undetectable PSA (<0.2 ng/ml) after 2 years of 
follow-up. No patients required additional therapy. 

4. DISCUSSION 
In this study, we report on the outcomes of cryoabla- 

tion with EBRT as a combinatorial treatment modality 
for intermediate risk prostate cancer. This is the first 
study of its kind to assess a combination cryotherapy- 
EBRT intervention for localized, intermediate-risk PCa. 
We found cryoablation and low dose EBRT was feasible 
and safe in these 3 patients, demonstrating promising 
short-term outcomes whereby all patients had undetect- 
able PSA levels during the 2 year follow-up. 

Conventional treatment of intermediate risk localized 
PCa includes brachytherapy, EBRT, cryotherapy, and 
surgery (i.e. radical prostatectomy [RP]) [4]; however, 
failure rates for these patients are estimated to be 20% - 
40% [6-8]. The reasons for failure vary with the type of 
intervention. For instance, recurrence after RP is likely to 
arise from positive surgical margins and extracapsular 
extension [7,19-21]. Due to the nature of radiation emit-
ted from the implanted seed and rapid dose fall in the 
periprostatic regions, failure from brachytherapy is likely 
to arise from the surrounding tissues [3]. Biochemical 
failure after cryotherapy is likely to occur in the pe-
riprostatic tissues, although failure has also been docu-
mented in the seminal vesicles [18]. In contrast, EBRT  

Table 2. Urinary and erectile function in patients undergoing 
cryoablation and external beam radiation for localized prostate 
cancer. 

   Follow-up visit 

 Patient Preoperative 3 mos 9 mos 12 mos 24 mos 

IPSS 1 4 5 11 15 15 

 2 22 2 10 20 15 

 3 6 3 6 5 5 

Bother index 1 2 2 2 2 2 

 2 4 0 3 4 3 

 3 0 0 0 0 0 

IIEF-5 1 1 1 1 1 1 

 2 1 1 1 1 1 

 3 7 1 2 1 18 

IPSS = International Prostate Symptom Score; IIEF-5 = International Index 
of Erectile Function. 
 
delivers radiation to both the prostate and periprostatic 
regions and is potentially effective at eliminating micro-
scopic disease surrounding the prostate [22]. However, 
radiation delivered may be limited in dose to minimize 
the damage to surrounding tissues, possibly causing fail-
ure from EBRT to arise primarily from within the pros-
tate. As a result of the competing potential failures pre-
sented by these two treatment modalities, we proposed a 
cryotherapy-EBRT combination approach to treating 
intermediate risk localized PCa. The study was designed 
such that cryotherapy preceded EBRT in order to opti-
mize the therapeutic effects of freezing before the 
bowel/rectum is irradiated. If EBRT is the primary 
treatment, then a less aggressive freeze would have to be 
employed in order to protect the tissues in these areas.  

Cryotherapy combined with low dose EBRT proved to 
be both a feasible and safe treatment modality in this 
study. Common side effects of cryotherapy or EBRT 
alone include urinary incontinence, urinary stricture, 
impotence, and/or rectal toxicity [10,23]. Therefore, a 
primary concern of combining the two treatment tech-
niques was the exacerbation of these adverse effects. 
However, we did not observe any urinary stricture, rectal 
toxicity during this series. All patients became continent 
within 6 months and remained so for the duration of the 
study. It is important to note that one patient had docu-
mented detrusor instability prior to enrollment and was 
documented to have used urinary pads for approximately 
2 months following cryotherapy. Finally, it should be 
noted that all 3 patients maintained undetectable PSA 
levels during the 2 year follow-up period.  

A major limitation to this study is the very small sam-
ple size. In fact, the study was closed prematurely due to 
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poor accrual which, among many reasons, was due to the 
time commitments of EBRT. Because Duke University 
Medical Center is a tertiary referral institution, many of 
our patients were not local and the inconvenience associ-
ated with transportation to and from Duke for daily ra-
diation over several-week periods deterred many eligible 
patients from participating. As a result of our small pa-
tient cohort, we were unable to assess the results of es-
calating radiation doses up to 54 Gy as per protocol and 
therefore we are unable to suggest whether there may be 
an optimal radiation dose in this setting. Furthermore, 
despite encouraging short-term cancer control outcomes, 
long-term oncological results require further maturity. 

5. CONCLUSION 
This study is the first report assessing combined cryo-

therapy-EBRT treatment for localized intermediate risk 
PCa. In this prospective study, cryotherapy combined 
with low dose EBRT was a safe approach for the treat-
ment of localized, intermediate risk prostate cancer. Fur-
thermore, short-term oncological control for these pa-
tients was promising. These initial results are intriguing 
and require confirmation in future studies. 
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