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Abstract

Low-dose rate (LDR) prostate brachytherapy is a highly efficacious and cost-
effective treatment with a very favorable side effect profile and has a role in the
treatment paradigm of low-, intermediate-, and high-risk prostate cancers.
Brachytherapy is typically an outpatient procedure where tiny radioactive
“seeds” are implanted in the prostate to eradicate the cancer right where it has
grown. Brachytherapy has a long and proven track record with data demonstrat-
ing it to be extremely effective when used alone in low and favorable intermedi-
ate-risk prostate cancer. Brachytherapy also shows significantly higher rates of
cancer control and tumor eradication in the higher-risk setting when used in
combination with external beam radiation therapy (EBRT) as compared to sur-
gery or EBRT alone.

Despite its efficacy, brachytherapy utilization rates are declining secondary to
competing treatment options, to include a shift to active surveillance. With pros-
tate cancer diagnosis on the rise, and prospective and randomized trials showing
brachytherapy’s superior efficacy over other modalities such as radical prostatec-
tomy and EBRT, it is important to put corrective actions in place to ensure that
brachytherapy is available to patients across the globe.
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10.1 Low-Dose Rate Prostate Brachytherapy Efficacy
Analysis and Trends

Prostate cancer accounts for approximately 8% of all newly diagnosed cancer cases
worldwide and 15% of cancer diagnoses in men, with more than 1.1 million new
cases being recorded in 2012 across the globe [1]. In the United States and many
other countries, prostate cancer is most frequently diagnosed in older men, with the
highest probability of diagnosis being between ages 65 and 74 [2]. With projections
of the male population ages 55-84 showing a significant increase for the United
States over the next four decades, prostate cancer diagnoses will likely simultane-
ously rise [2]. Screening for prostate cancer in most developed countries allows for
the disease to be caught before it spreads, increasing the likelihood of providing
curative treatment options to newly diagnosed men. Increasing diagnoses, however,
also require careful medical research, knowledge, and availability of efficacious and
cost-effective treatment regimens for these patients.

Prospective randomized comparisons of prostate cancer treatment options are
largely limited by physician biases, difficulty in patient recruitment, and the long
natural history of prostate cancer, making survival endpoints difficult to attain.
As such, researchers are often left to interpret single-institution retrospective and
single-modality prospective studies to formulate comparisons between treatment
outcomes and use of biochemical control as a surrogate endpoint for study
design.

With results published in 2012, the Prostate Cancer Results Study Group
(PCRSG) undertook a Herculean effort with the goal of distilling studies into
clinically useful comparisons and completed the first large-scale comprehensive
review of the literature comparing risk-stratified patients with long-term follow-
up by treatment option [3]. The literature review demonstrated that brachyther-
apy provides superior outcomes in patients with low-risk disease in terms of
biochemical prostate-specific antigen (PSA) free progression [3]. Additionally,
the combination of EBRT and brachytherapy was shown to be superior to EBRT
or surgery alone for intermediate-risk disease. Combination therapies involving
EBRT and brachytherapy plus or minus androgen deprivation therapy (ADT)
appear superior in terms of biochemical control as compared to more localized
treatments such as brachytherapy alone, surgery alone, or EBRT alone for high-
risk patients [3].

In 2017, the American Brachytherapy Society (ABS) formed a committee of
clinical experts in brachytherapy to update existing, but outdated, guidelines to
articulate the intricacies as well as new advances for the delivery of brachytherapy
as well as to highlight its efficacy in treating prostate cancer. Utilizing previously
published guidelines, clinical trial results, literature, and the experience of the com-
mittee members, the results outlined patient selection criteria and delivery guide-
lines for patients in both the brachytherapy monotherapy and brachytherapy boost
setting [4]. Evidence that was reviewed was similar to the findings of the PCRSG,
demonstrating that low-risk disease can be treated with brachytherapy alone
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without the need for EBRT or ADT [4]. Additionally, intermediate-risk patients
with favorable features can be treated with brachytherapy monotherapy in the
appropriate setting, and the guidelines outline that some high-intermediate- and
high-risk patients should receive EBRT with a brachytherapy boost, plus or minus
ADT as needed based on specific patient risk factors [4].

The National Cancer Database, representing an estimated 60-70% of newly
diagnosed cancers in the United States, has shown over the past 15 years a trend
in the increased utilization of prostatectomy, largely motivated by robotic-assisted
radical prostatectomy, which was FDA approved for use in 2000 in the United
States [5]. This has come at the cost of a decline in brachytherapy despite its
proven clinical efficacy, as well as EBRT [5]. With a greater number of surgeries
being performed, the use of ADT has also declined as it is not utilized with initial
surgical removal of the prostate but used in combination with radiation techniques
in the treatment of select higher-intermediate- and most high-risk and metastatic
cancers [5].

Factors negatively impacting brachytherapy are multifactorial, some of which
can be attributed to changes in screening, monitoring, and financial incentives for
physicians [6]. The United States has seen a decrease in PSA screening which has
resulted in a decrease in prostate cancer diagnosis due to the US Preventive Services
Task Force discouraging the use of the service beginning in 2012 up until a change
in 2017 [6]. Beginning in 2017, it is now recommended that PSA screening be
offered based on individual circumstance [6]. This, with a simultaneous increase in
patients electing active surveillance, has decreased treatment rates in recent years
[6]. Additionally, an increase in the number of robotic prostatectomy as mentioned
and the increased technical sophistication of EBRT technologies such as intensity-
modulated radiation therapy (IMRT), stereotactic body radiation therapy, and pro-
ton beam therapies have resulted in a decrease in patients being referred for
brachytherapy [6].

Radiation oncology practices in the United States have demonstrated a signifi-
cant reduction in the use of brachytherapy from 2004 to 2012 [7]. Considering the
superior results demonstrated for brachytherapy from multiple trials [3, 8], the
future of brachytherapy’s role in treating prostate cancer needs to be considered
carefully or a proven technology will be in jeopardy, and patients may not be
granted access to a highly effective treatment which has minimal side effects [7].
Suboptimal volume of brachytherapy procedures has resulted in less training
opportunities, leaving a question as to whether future physicians can be trained in
this procedure [7]. Lack of knowledge of brachytherapy’s efficacy also remains
widespread across the globe despite the ABS and other radiation therapy organi-
zations offering schools and other opportunities for physicians to learn brachy-
therapy delivery techniques [7]. Simulation-based trainings at academic society
organization’s annual meetings, creation of centers of excellence for training of
residents and attending physicians, as well as worldwide collaboration in provid-
ing educational opportunities in the future could remedy the downward trend of
brachytherapy’s utilization.
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10.2 Brachytherapy in Low-Risk Prostate Cancer

Results of phase II/III clinical trials and large observational studies demonstrate
brachytherapy is a highly efficacious and cost-effective treatment of low-risk pros-
tate cancer. Studies have shown that brachytherapy as monotherapy is appropriate
in low-risk prostate cancer, without the need for it to be combined with EBRT or
ADT [3].

The American College of Surgeons Oncology Group’s phase III Surgical
Prostatectomy Versus Interstitial Radiation Intervention Trial (SPIRIT) studied men
with low-risk prostate cancer who attended a multidisciplinary education session
through the University of Toronto Health Network and either elected to be random-
ized to radical prostatectomy or brachytherapy (n = 34 randomized) or chose to
elect either radical prostatectomy (n = 62) or brachytherapy (n = 94) and assessed
quality of life following treatment with a median follow-up of 5.2 years [8].
Although the trial closed secondary to poor accrual, men treated with brachytherapy
scored better on health-related quality of life surveys for urinary (91.8 vs 88.1;
P =0.02) and sexual (52.5 vs 39.2; P = 0.001) areas as well as in overall patient
satisfaction (93.6 vs 76.9; P < 0.001) as compared to patients who received radical
prostatectomy [8].

In a similar study comparing brachytherapy for organ-confined disease to histori-
cal data of prostatectomy and EBRT, researchers on RTOG 98-05 study found that
brachytherapy resulted in only 3 of 98 patients (3%) having maximum late toxicities
of grade 3, all of which were genitourinary (GU), with no grade 4 or 5 toxicities [9].
The 8-year overall survival (OS) rate was 88%, with no patients having died of
prostate cancer or toxicities related to care [9].

Research into the late effects of brachytherapy as monotherapy shows that results
in terms of biochemical failure and toxicity compare very favorably to other treat-
ment modalities [10]. The rates of biochemical relapse-free survival (bRFS), distant
metastasis-free survival (DMFS), OS, and prostate cancer-specific mortality
(PCSM) were studied in a cohort of 1989 low-, intermediate-, and high-risk patients
treated from 1996 to 2007 by Kittel et al. [10]. The overall 10-year rates for bRES,
DMES, OS, and PCSM were recorded as 81.5%, 91.5%, 76.1%, and 2.5%, respec-
tively [10]. The overall rates of late grade > 3 GU and gastrointestinal (GI) toxicity
were 7.6% and 0.8%, respectively, which are comparable to results of other studies
on brachytherapy as monotherapy in the United States [10]. Additionally, a study
looking at biochemical relapse in brachytherapy published in 2015 showed that at a
median follow-up of 5 years, 108 of 2223 patients (4.8%) treated with brachyther-
apy had developed either local or distant recurrence, proving lower rates of recur-
rence than most studies reviewed that reported on rates of distant recurrence
following prostatectomy [11].

Long-term toxicities impacting quality of life are rare when brachytherapy is
performed as monotherapy for patients with low-risk disease. Randomized evidence
[8] suggests a favorable side effect profile, subsequent patient satisfaction, and dura-
ble urinary and sexual quality of life with brachytherapy as compared to other treat-
ment modalities as well as good long-term survival outcomes.



10 Prostate Brachytherapy: Clinical Efficacy and Future Trends 141

10.3 Brachytherapy in Intermediate-Risk Prostate Cancer

Intermediate-risk patients can be candidates for brachytherapy monotherapy when
their specific risk factors are considered by their physician. However, most often
these patients are treated with brachytherapy in combination with EBRT and/or
ADT [3]. Recent phase II/III evidence demonstrates brachytherapy provides excel-
lent biochemical control for selected patients with intermediate-risk prostate cancer
when utilized in combination with EBRT.

As with many treatment techniques, the quality of a brachytherapy implant and
patient-specific disease characteristics are highly linked to rates of cancer control.
Eleven American institutions combined data on 2693 patients diagnosed with low-
and intermediate-risk disease that were treated with brachytherapy monotherapy
between 1988 and 1998 [12]. With a median follow-up of 63 months, it was found
that outcomes after brachytherapy relate to tumor stage, Gleason score (GS), pre-
treatment PSA, year of brachytherapy implant, and post-brachytherapy dosimetric
quality, highlighting the importance of patient-specific risk factors when determin-
ing treatment recommendations for low-intermediate- and high-intermediate-risk
prostate cancers [12]. PSA nadir <0.5 ng/mL was particularly associated with dura-
ble long-term PDES [12].

RTOG 0232 compared EBRT followed by brachytherapy boost and brachy-
therapy alone in patients with intermediate-risk disease at 68 participating cen-
ters throughout the United States and Canada from 2003 to 2012 (Prestidge, 13).
Patients GS 2-6 and PSA >10 but <20 or GS 7 and PSA <10 received either
EBRT 45 Gy/25 + brachytherapy or brachytherapy monotherapy (I1125; Pd103)
[13]. Freedom from progression (FFP) was studied, and it was found that the
addition of EBRT to brachytherapy in men with intermediate-risk disease, strati-
fied by GS, PSA, and ADT utilization, did not statistically improve outcomes
[13]. At the fifth interim analysis, of the required 443 patients with 5 years of
follow-up, 5-year PFS (95% CI) was 85% (80, 89) for the EBRT plus brachy-
therapy arm and 86% (81, 90) for the brachytherapy arm (HR Z 1.02, futility P Z
0.0006) [13].

An estimate of toxicities following EBRT (45 Gy in 25 fractions), followed
2—-6 weeks later by brachytherapy to a delivered dose of 108 Gy, was published
by Lee et al. in 2006 [14]. Patients were analyzable for acute and late toxicities
[14]. Acute grade 3 toxicity was documented in 10 of 131 patients (7.6%), and no
grade 4 or 5 acute toxicities were observed [14]. The estimate of late grade 3 GU
and GI toxicity at 18 months was 3.3%, and no late grade 4 or 5 toxicities were
observed [14].

Memorial Sloan Kettering Cancer Center studied the toxicities and out-
comes of patients being treated with 45 Gy EBRT to the prostate and seminal
vesicles, followed by brachytherapy boost with 1'* (100 Gy) or Pd!® (90 Gy)
[15]. At a median follow-up of 73 months, late GI and GU toxicity grade 2 and
3 occurred in 20% and 3% of patients, respectively [15]. The OS at 72 months
was 96.1% [15].
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10.4 Brachytherapy in High-Risk Prostate Cancer

The standard recommendation for patients with high-risk disease is EBRT and ADT
as “multimodality” therapy. Recent studies have shown that the addition of brachy-
therapy to EBRT, however, improves biochemical control long-term, and therefore,
patients with high-intermediate- or high-risk disease receiving EBRT +/— ADT
should also be offered brachytherapy as a dose escalation or “trimodality”
technique.

The Canadian Androgen Suppression Combined with Elective Nodal and Dose
Escalated Radiation Therapy (ASCENDE-RT) trial studied patients with intermedi-
ate- or high-risk prostate cancer who had negative metastatic work-up with GS 8—10
or initial PSA (iPSA) 2040 ng/mL [15]. Patients who had iPSA >40, cT-Stage
>T3b, prior TUPR, and TRUS prostate volume > 75 cm?® or were unfit for general
or spinal anesthesia were excluded per protocol [16]. The randomized study assigned
men to either traditional dose-escalated EBRT in combination with ADT or EBRT
plus a brachytherapy boost [16]. The study followed these patients in follow-up for
a median of 6.5 years, and results demonstrated men who received a brachytherapy
boost were nearly twice as likely to be free of biochemical failure [16].

A phase II study of men with high-risk prostate cancer found that a trimodality
approach involving 2 years of ADT, EBRT, and brachytherapy and the addition of
upfront docetaxel is well tolerated in patients and results in limited side effects
while producing good long-term control results [17]. Eligibility for this study
included PSA >20 ng/mL or GS 7 and a PSA >10 ng/mL, any GS 8-10, or stage
T2b-T3 regardless of GS or PSA [17]. Patients received 45 Gy EBRT to the pelvis,
followed 1 month later by brachytherapy with either I'*> or Pd!® [17]. One month
after brachytherapy, patients received three cycles of docetaxel and completed
2 years of ADT [17]. The median follow-up was 5.6 years [16]. Grade 2 and 3 acute
GU and GI toxicities were 50.0% and 14.2%, respectively, with no grade 4 toxicities
[17]. The 5- and 7-year actuarial rates of late grade 2 GI/GU toxicity, with no grade
3-5 toxicities reported, were 7.7% [17]. The 5- and 7-year FFBF rates were 89.6%
and 86.5%, and corresponding rates for disease-free survival were 76.2% and 70.4%
with 5- and 7-year OS rates being 83.3% and 80.1% [17].

10.5 The Future of Prostate Brachytherapy

It is recommended by both the American Association of Physicists in Medicine
(AAPM) and ABS that a robust quality assurance program is key to ensure success-
ful patient care [18]. Quality assurance is key in brachytherapy as factors such as
inadequate training of physicians, physicist, dosimetrists, and therapists can lead to
incorrect seed placement, program structure deficiencies, inadequate procedures,
and poor management oversight of program and contractors [18]. The lack of a
peer review process or lack of a culture of safety can lead to underutilization or
improper utilization of brachytherapy to treat prostate cancer. As discussed, the
development of centers of excellence, taking advantage of organizational training
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opportunities across the globe, and the consultation of organizations such as AAPM
and ABS are critical in the creation and maintenance of a high-quality brachy-
therapy program [6].

Adoption of programs such as the design and implementation of a training pro-
gram utilizing phantom-based simulators to teach the process of brachytherapy at
The University of Texas MD Anderson Cancer Center will advance brachytherapy
techniques worldwide [19]. The MD Anderson program focuses on teaching prac-
ticing oncologists, fellows, and resident physicians to focus on quality assurance
through hands-on education for the simulation, treatment planning, implant tech-
nique, treatment evaluation, and outcome assessment of brachytherapy procedures
[19]. Analysis of the program’s participants for brachytherapy implants showed a
high degree of consistency between trainees as compared to implants in clinical
practice, highlighting the potential opportunities to train brachytherapists in the
skills necessary to safely perform and ensure quality assurance across the globe in
the future [19].

Despite brachytherapy’s low rate of toxicity to organs at risk, toxicities overall
remain a concern to radiation oncologists when prescribing radiation dose delivery.
Although rectal injury is uncommon with advanced imaging, technologies devel-
oped to assist in the protection of organs at risk such as hydrogel spacers have been
shown to greatly reduce toxicities such as grade 1-2 proctitis, which is reported in
between 1 and 21% of prostate cancer patients and can potentially prevent severe
rectal complications such as grade 3 ulcers and grade 4 fistulas. A key motivation in
the utilization of rectal spacers is the higher risk of grade 3 rectal toxicity on EBRT
+ brachytherapy arm of the ASCENDE-RT trial [16].

By placing a hydrogel spacer between the Denonvilliers’ fascia and the rectal
wall, space is created to protect the rectal wall from radiation delivered with both
EBRT and brachytherapy. A randomized controlled trial recently looked at the
dosimetry and clinical effects of perirectal hydrogel spacer application for patients
undergoing EBRT and found that late rectal toxicity was 2.0% (all grade 1) in the
spacer and 7.0% (up to grade 3) in the control group [20]. A long-term follow-up
study completed by Hamstra et al. showed grade 1+ rectal toxicity at 3 years
decreased by 75% in the spacer arm (control 9% vs spacer 2% p < 0.03), and no
grade 2+ rectal toxicity was observed in patients who received a perirectal hydrogel
spacer (p < 0.015) [21]. American institutions are beginning to incorporate rectal
spacers into brachytherapy workflows as well, placing the spacer in the operating
room immediately following radioactive seed implantation. Utilization of these
advanced technologies, which are currently in the process of becoming widely
available across the globe, can spare normal tissues from being negatively affected
by radiation delivered to eradicate nearby tumors.

Another advancement for brachytherapy in the future is the integration of
magnetic resonance imaging (MRI) technologies into treatment delivery. MRI is
the standard imaging tool for staging of prostate cancer in much of the world, and
the next step in the integration process for MRI technologies is its utilization in
the planning and delivery of brachytherapy, which has grown in investigational
and clinical use over the past decade [22]. Several advantages to MRI integration
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into brachytherapy treatment delivery include soft tissue resolution, localization
of the disease within the prostate, visualization of the prostate’s apex, as well as
localization of the bladder, rectum, and neurovascular bundles in relation to the
prostate [22].

Lack of widespread utilization of MRI technologies can be attributed to access to
these technologies, economic considerations and reimbursement, the learning curve
associated with utilization of this technology in the operating room, reproducibility
issues between treatment planning and delivery, as well as the favorable results of
brachytherapy utilizing the current standard of CT-based planning and TRUS-based
treatment delivery [22]. Investigational research in the United States has focused on
the advancement of MRI in brachytherapy treatment planning and delivery, and it is
believed that once operational costing and training opportunities are remedied,
these technologies will be more utilized globally as MRI-based treatment planning
and delivery has the potential to allow physicians to better define the prostate and
the disease within, decreasing side effects for patients and increasing clinical
outcomes.

Significant research has gone into costing analysis to define the value of brachy-
therapy as a treatment modality both with standard utilization of CT planning and
TRUS-based treatment delivery as well as with the utilization of MRI in the work-
flow. Time-driven activity-based costing analysis demonstrated low resource utili-
zation for brachytherapy overall, with 41% and 10% of costs occurring in the
operating room and with the MRI scan, respectively, with no large increase in the
cost of providing brachytherapy with utilization of an MRI as compared to the stan-
dard treatment regime of CT and TRUS-based care [23].

Conclusion

Research shows that brachytherapy is a cost-effective treatment modality with
outcomes as good, if not superior, to other modalities. Regardless, data shows
varying degrees of utilization across economic and geographic landscapes, and
the application of this technique has seen a decline at academic centers, compre-
hensive community centers, and community cancer centers alike [6]. Given the
increasing pressures facing radiation therapy centers across the globe, consider-
ation needs to be given to the utilization of brachytherapy as a form of conformal
therapy because of its ability to safely deliver high doses of radiation for disease
control and cost-effectiveness both for implementation and long-term program
sustainability [24].
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