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Abstract: High-Intensity Focused Ultrasound (HIFU) provides comparable oncologic, erectile, and
urinary outcomes to standard-of-care options for localized prostate cancer. This study reports the
largest United States series of HIFU in veterans for both primary and salvage therapy. We
retrospectively analyzed the outcomes of 43 veterans treated at the Michael E. DeBakey Veterans
Affairs Medical Center from 2018 to 2022. Primary endpoints included prostate-specific antigen
(PSA) reduction and local recurrence rates. Secondary endpoints included 30-day complications,
Sexual Health Inventory for Men (SHIM), and American Urological Association Symptom Score
(AUASS). In our study, 31 (72.1%) received primary treatment and 12 (27.9%) received salvage
therapy, with a median follow-up of 23 and 25 months, respectively. Median PSA nadir was 0.16 for
primary and 0.12 for salvage groups, with PSA reduction stable over 30 months. Local recurrence
occurred in 16.1% of primary and 16.6% of salvage patients. SHIM scores and AUASS were not
statistically different before and after HIFU therapy. Short and intermediate-term results suggest
HIFU is a safe and effective treatment option with excellent potency and preserved urinary function,
as well as adequate oncologic control for primary and salvage therapy for localized prostate cancer
in Veterans.

Keywords: high-intensity focused ultrasound; prostate cancer; Veterans” health; primary therapy;
salvage therapy; focal therapy; functional outcomes

1. Introduction

Prostate cancer (PCa) is the most common non-skin cancer in men and the second leading cause
of cancer-related death in men [1]. Treatment options for PCa, including proton beam and intensity-
modulated radiation therapy, robotic-assisted radical prostatectomy, irreversible electroporation,
photodynamic therapy, primary cryotherapy, focal laser ablation, and active surveillance, are
extensive and continue to advance [2-7]. Among these, high-intensity focused ultrasound (HIFU)
ablation has emerged as a promising treatment option.

In 2015, the Food and Drug Administration approved HIFU for prostatic tissue ablation in the
United States. Since then, studies have demonstrated that HIFU achieves oncologic and functional
outcomes comparable to standard-of-care treatments for localized prostate cancer, such as radical
prostatectomy and radiation therapy [8-10]. Similarly, the use of HIFU in primary whole-gland PCa
management has proven to yield satisfactory cancer control with minimal side effects [11]. A recent
prospective trial examining the 3-year outcomes of focal HIFU treatment for low-to-intermediate-risk
PCa reported favorable functional outcomes, preservation of quality of life, minimal adverse events,
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and a low incidence of treatment failure [12]. These findings are further supported by a phase two
clinical trial that demonstrated HIFU'’s efficacy as a treatment option for men with intermediate-risk
PCa [13]. Given its strong oncological control rates, excellent functional outcomes, and preservation
of quality of life, HIFU is becoming increasingly recognized as a compelling option for focal treatment
of PCa in both the primary and salvage settings [14].

HIFU is also effective in the salvage setting for the management of radiation failure. [8,15,16]. A
meta-regression analysis found no significant difference in oncologic outcomes between Salvage
Radical Prostatectomy (SRP) and Salvage High-Intensity Focused Ultrasound (SHIFU) cohorts.
However, patients treated with SRP experienced a higher incidence of incontinence compared to
those treated with SHIFU [5].

HIFU is non-invasive and delivers precise, highly localized ablative therapy, offering unique
advantages, particularly to those with higher comorbidity indices, a history of abdominal surgery, or
recurrent localized prostate cancer. These attributes make HIFU especially promising for the veteran
population, which often has more complex medical needs due to various service-related exposures,
patient characteristics, and higher average comorbidity burden [17].

Despite these potential benefits, there is a lack of data regarding HIFU treatment outcomes for
localized prostate cancer in the veteran population. Hence, we aim to report oncologic, complication,
and functional outcomes after primary and salvage HIFU for localized prostate cancer in the Veteran
population. To our knowledge, this paper presents the initial and largest United States retrospective
case series of HIFU use for primary and salvage treatment of localized prostate cancer in veterans.

2. Materials and Methods

The study was a retrospective analysis approved by the Institutional Review Board (IRB) to
evaluate outcomes for patients who underwent HIFU at the Michael E. DeBakey Veterans Affairs
Medical Center between 2018 and 2022. Data was acquired from electronic medical records, including
demographic and clinical information, with patient comorbidities assessed using the Charlson-
Comorbidity Index.

The primary endpoints of this study were oncologic outcomes, measured using prostate-specific
antigen (PSA) metrics: baseline PSA, PSA nadir, and percentage PSA decrease after ablation.
Treatment failure was defined as persistent in-field tumor visualized on prostate MRI. Local
recurrence was determined by biopsy-proven prostate cancer in the prostatic bed. Post-HIFU
treatments, including salvage therapy, were also documented.

The secondary endpoints were functional outcomes assessed through questionnaires. Sexual
function was evaluated using the Sexual Health Inventory for Men (SHIM), and urinary function was
measured using the American Urological Association Symptom Score (AUASS), uroflowmetry, and
post-void residual measurement.

All complications occurring 30 days following HIFU treatment were recorded and categorized
according to the Clavien-Dindo classification system.

Statistical analyses were performed using JMP Pro 15. The percent reduction in PSA from
baseline was calculated using the formula: [(Initial PSA — PSA at post-ablation month)/Initial PSA].
These reductions were compared across follow-up time points using one-way analysis of variance
(ANOVA) for both primary and salvage therapy groups. Changes in functional outcomes were
assessed by comparing pre- and post-HIFU AUASS and SHIM scores using paired t-tests. A P-value
<0.05 was considered statistically significant.

3. Results

During the study time frame of 2018-2022, 52 veterans were treated with HIFU, of which 43 had
sufficient follow-up data to be included in our study. Of these, 31 patients (72.1%) received primary
treatment for localized prostate cancer, and 12 patients (27.9%) received salvage therapy for localized
recurrence after radiation therapy.

The baseline characteristics for this cohort are outlined in Table 1. The median (IQR) Charlson-
Comorbidity Index (CCI) was 7 for the primary treatment group and 5 for the salvage group. High-
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risk PCa was observed in 11 patients (35.5%) from the primary treatment group and 7 patients (58.3%)
from the salvage group. All patients in the salvage group had previously undergone radiation
therapy, and one had also received hormonal therapy as part of their primary treatment.

Table 1. Baseline characteristics.

Primary Therapy Salvage Therapy

No. Patients (N) 31 12
Median age (IQR) 70 (64-74) 71 (67-73)
Median cc prostate volume (IQR) 33 (24-50) 22 (16-32)
Median ng/ml PSA (IQR) 6.2 (4.3-9.0) 4.9 (4.8-8.8)
Median ng/ml/cc PSA density (IQR) 0.19 (0.09-0.29) 0.22 (0.15-0.51)
No. clinical stage (%)

Tlc 23 (74.2) 10 (83.3)

T2a 1(3.2) 0 (0.0)

T2b 2 (6.5) 1(8.3)

T2¢ 5(16.1) 1(9.3)
No ISUP Grade Group (%)

1 2 (6.5) 2 (16.6)

2 11 (35.5) 2 (16.6)

3 7 (22.6) 2 (16.6)

4 6(19.4) 0 (0.0)

5 5(16.1) 6 (50.0)
Entry Biopsy

Median No. cores take (IQR) 12 (12-12) 12 (12-12)

Median pos cores (any Ca) (IQR) 4 (2-6) 4(2-7)

Median max Ca Core % (IQR) 50 (20-65) 43 (24-65)

No. bilateral Ca on biopsy (%) 11 (35.5) 5(41.7)
No NCCN risk group (%)

Low 2 (6.5) 2 (16.6)

Intermediate favorable 8 (25.8) 2 (16.6)

Intermediate unfavorable 10 (32.2) 1(8.3)

High 11 (35.5) 7 (58.3)
Prior therapy (%)

Radiation 0 (0.0) 12 (100.0)

Hormonal Therapy 0 (0.0) 1(8.3)
Median CCI (IQR) 7 (5-8) 5 (4-6)
Median BMI (IQR) 27 (22-31) 33 (30-34)
Prior abdominal surgery (%) 9 (29.0) 2 (16.6)

The median follow-up period was 23 months for the primary group and 25 months for the
salvage group. The post-HIFU oncologic outcomes are detailed in Table 2. The median PSA nadir
was 0.16 ng/ml for the primary group and 0.12 ng/ml for the salvage groups. The median time to
reach PSA nadir was 6 months in the primary group and 3 months in the salvage group. The median
percent decrease in PSA over the follow-up period was 96% for the primary group and 98% for the
salvage group. Local recurrence, identified by prostate MRI or post-ablation biopsy, was observed in
five patients (16.1%) from the primary therapy group and two patients (16.6%) from the salvage
therapy group.
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Primary Therapy Salvage Therapy

Median months follow-up (IQR) 23 (15-34) 25 (9-39)
Median PSA nadir (IQR) 0.16 (0.06-2.96) 0.12 (0.01-0.71)
Median time to PSA nadir, months 6 (3-9) 3(3-9)
(IQR)
Median % PSA decrease (IQR) 96 (55-99) 98 (93-99)
Local Recurrence (%) 5(16.1) 2 (16.6)
Post-HIFU Treatment (%)

Radiation 2 (6.5) 0(0)

Hormonal 1(3.2) 2 (16.6)

HIFU 1(3.2) 0 (0)

Radical Prostatectomy 1(3.2) 0 (0)

Figure 1 illustrates the reduction in PSA levels over a 30-month follow-up period for both the
primary and salvage therapy groups. After the initial decrease measured 3 months post-therapy,
there was no statistically significant change in PSA levels during the follow-up period for either
group (P=0.3553 for the primary group and P= 0.8057 for the salvage therapy group).
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Figure 1. Median PSA reduction after HIFU ablation for primary (top) and salvage (bottom) therapy.
Median PSA reduction = (Initial PSA — PSA at post-ablation month)/Initial PSA. The percent of PSA
reduction from baseline was non-significant over post-ablation follow-up time for primary and

salvage therapy (ANOVA, P=0.3553 and P=0.8057, respectively).

Patient-reported urinary and sexual function were evaluated using the American Urological
Association Symptom Score (AUASS) and the Sexual Health Inventory for Men (SHIM). Figure 2
displays the AUASS and SHIM scores before and after HIFU ablation for PCa. There were no
statistically significant differences in AUASS or SHIM scores before and after HIFU therapy for either
group (P=0.2103 and 0.7724, respectively for the primary therapy group, and P=0.4592 and 0.1859,

respectively, for salvage therapy group).
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Figure 2. Patients reported outcomes before and after HIFU ablation of prostate cancer demonstrating
urinary function with AUASS and sexual function with SHIM.

Regarding complications, 2 patients (6.5%) from the primary treatment group experienced 30-
day complications, including one case of epididymo-orchitis and one case of urethral stricture, which
was managed with clinic urethral dilation. 3 patients (25%) from the salvage treatment group
experienced 30-day complications, including one bladder neck contracture, which required surgical
incision of the bladder neck, one urethral stricture, and one case of epididymo-orchitis.

4. Discussion

Our retrospective review presents encouraging early and intermediate outcomes for both
primary and salvage HIFU treatment of localized prostate cancer in a veteran population. The results
demonstrate that HIFU can achieve significant PSA reduction, with median decreases of 96% and
98%, in the primary and salvage therapy groups, respectively. These reductions remained stable over
the 30-month follow-up period. Notably, HIFU appeared to preserve urinary and sexual function, as
indicated by the lack of statistically significant changes in AUASS or SHIM scores post-treatment.

These findings align favorably with the 3-year outcomes of a recent study by Kaufmann et al.,
which reported excellent functional outcomes using focal HIFU ablation to treat PCa [12]. However,
in their study of 91 patients, 21% experienced worsening erectile function, suggesting potential long-
term declines in men’s sexual function and quality of life. Alternatively, this disparity may reflect the
advancements in HIFU technology or technique. Supporting this interpretation, a phase 2 clinical
trial of MRI-guided HIFU therapy for intermediate-risk PCa conducted by Ghai et al. demonstrated
no significant changes in erectile function. Additionally, among the 44 patients with clinically
significant PCa (GG 2 2) in their study, 91% of patients had no clinically significant PCa and 84% had
no cancer at all 2 years post-treatment [13]. While local recurrence was observed in approximately
16% of patients in both groups, the overall complication rates were relatively low, particularly for the
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primary HIFU group. This aligns with findings from a prospective multicenter study of 98 men, in
which 35.7% of patients reported adverse events, such as urinary tract infection or urinary retention,
following HIFU treatment [18,19]. Overall, our findings suggest that HIFU may offer a viable
treatment option for veterans with localized prostate cancer, including those with high-risk disease
or those requiring salvage therapy.

A key finding of our study is the comparable efficacy of HIFU in both primary and salvage
settings. Despite the inherent challenges of treating patients who have undergone previous radiation
therapy, the salvage group achieved similar PSA reduction percentages and local recurrence rates to
the primary HIFU group. This is particularly noteworthy given that the salvage group had a higher
proportion of high-risk prostate cancer cases (58.3% vs 35.5% in the primary group). These results
align with findings from a larger multicenter study by Crouzet et al., which reported promising
outcomes for salvage HIFU after failed external beam radiotherapy (EBRT) [20]. Their study of 418
patients showed 7-year cancer-specific and metastasis-free survival rates of over 80%. Notably, while
Crouzet et al. reported significant morbidity, particularly in earlier cases, our study found a lower
complication rate of 25% in the salvage group. This suggests that advancements in HIFU technology
and technique may be improving the safety profile of salvage HIFU. These results collectively suggest
that HIFU may be an effective option for patients who have failed primary radiation therapy, offering
a less invasive alternative to salvage radical prostatectomy, with the potential for lower morbidity
than previously reported.

The PSA kinetics observed in our study provide valuable insights into the oncological response
to HIFU treatment. The median time to PSA nadir was shorter in the salvage group (3 months)
compared to the primary group (6 months), which may reflect differences in prostate tissue
composition and vascularity following prior radiation therapy. These findings are broadly consistent
with a systematic review by Huang et al., which analyzed 27 studies encompassing 7393 patients [21].
Their review reported mean times to PSA nadir of 2.4 to 5.4 months for whole-gland HIFU and 5.7 to
7.3 months for partial-gland HIFU. Our observed nadir times fall within these ranges, suggesting our
results are in line with the broader literature. However, our study found lower PSA nadirs (median
0.16 ng/mL for primary and 0.12 ng/mL for salvage) compared to the systematic review’s reported
means of 0.4 to 1.95 ng/mL for whole-gland and 1.9 to 2.7 ng/mL for partial-gland HIFU. This
difference might be attributed to variations in patient populations, HIFU techniques, or the inclusion
of salvage treatments in our study. The stability of PSA reduction over our 30-month follow-up
period is encouraging, suggesting durable oncological control in the short to medium term. This
contrasts with the wide range of positive biopsy rates (4.5% to 91.1% for whole-gland and 14% to
37.5% for partial-gland HIFU) reported in the systematic review, highlighting the need for
standardized follow-up protocols and longer-term data. While our results are promising, longer-term
follow-up will be essential to confirm the sustainability of these results and to better understand how
our outcomes compare to those reported in larger, multi-institutional studies.

The differential in complication rates between primary and salvage HIFU (6.5% vs 25%,
respectively) warrants discussion. The higher rate of complications in the salvage group is expected
due to the challenges of treating previously irradiated tissue [22]. Nonetheless, it is important to note
that, in our study, most of these complications were low-grade and easily manageable with
conservative measures or minor interventions. The lower complication rate in the primary group
underscores HIFU’s potential as a first-line treatment option, particularly for patients who may not
be ideal candidates for more invasive therapies.

The application of HIFU in a veteran population is of particular interest. Veterans often present
with more complex medical conditions and a higher burden of comorbidities compared to the general
population [17,23]. The median CCI in our primary HIFU group was 7, indicating a significant
comorbidity burden. Despite this, the treatment was well-tolerated, with acceptable complication
rates.

Our study has several limitations that should be acknowledged. The follow-up period (median
23-25 months) is relatively short, particularly for assessing long-term oncological outcomes in PCa.
Additionally, the sample size, while substantial for an initial series, is still modest, especially for the
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salvage therapy group. Larger, multi-center studies with longer follow-up will be necessary to
confirm and extend our findings. Despite these limitations, our results have important implications
for clinical practice. HIFU appears to be a viable option for both primary and salvage therapy in
veterans with localized prostate cancer. The preservation of functional outcomes, coupled with
acceptable oncological control, makes it an attractive alternative to more invasive treatments,
particularly for patients with significant comorbidities or those seeking to avoid the side effects
associated with radical therapies.

Long-term follow-up data will be crucial to establish the durability of oncological control and
functional preservation. Larger studies comparing HIFU to other treatment modalities in veteran
populations would provide valuable comparative effectiveness data. Furthermore, research into
predictive factors for HIFU success or failure could help refine patient selection criteria and improve
outcomes.

Another limitation of HIFU, compared to other focal therapy options, e.g., cryotherapy, urethral-
based focused ultrasound, transperineal laser ablation, etc. is the inability to treat cancers in the
anterior prostate of large glands, > 4 cm in Anterior-Posterior height, due to the maximum focal
length of the treatment transducer. Addressing this limitation through advancements in technology
could broaden the applicability of HIFU.

5. Conclusions

Our review demonstrates that HIFU is a promising treatment option for localized prostate
cancer in veterans, showing effectiveness in both primary and salvage therapy settings. The
combination of significant PSA reduction, preservation of urinary and sexual function, and
acceptable complication rates supports the continued exploration and refinement of this technique.
As we accumulate more long-term data and experience, HIFU may become an increasingly important
tool in our armamentarium against prostate cancer, offering veterans a less invasive option that
balances oncological control with quality-of-life preservation
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