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Current controversies in prostate
brachytherapy for prostate cancer

lbrahim Abu-Gheidu, MD; Christopher Fleming, MD; Paul Rumiu, MD; Omur Mian, MD PhD;
Rahul Tendulkar, MD; and Jay Ciezki, MD

rostate cancer remains the most
Pcommonly diagnosed malig-

nancy in men. An estimated
161,360 new cases will be diagnosed
in 2017 in the United States, account-
ing for 19% of male cancer diagnoses
and 8% of cancer mortality in men.!
Localized prostate cancer management
represents a challenge for clinicians
as several definitive treatment options
exist including surgical resection, ex-
ternal-beam radiation therapy (EBRT)
+/- brachytherapy boost, high dose rate
brachytherapy (HDR-BT), and low
dose rate brachytherapy (LDR-BT).
Treatment recommendations and de-
cisions are often based on patient age,
comorbidities, risk stratification, as well
as patient preference. LDR-BT is an
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attractive option for many patients, ei-
ther as monotherapy or in combination
with EBRT. Brachytherapy techniques
have continued to evolve over the past
several decades with new data support-
ing technical innovation and revised
treatment indications. The purpose of
this review is to summarize the role of
LDR-BT in managing prostate cancer
and to discuss patient selection in a con-
temporary context.

History of Brachytherapy and
Modern Techniques

Prostate LDR-BT dates back approx-
imately 100 years, when radium was
used to deliver radiation for enlarged
prostates and prostate cancer.>? Given
the poor efficacy and significant toxic-
ity associated with radium, this isotope
was abandoned in favor of radioactive
gold isotopes ('*8Au).*Todine-125 ('2°T)
and other isotopes largely replaced
198 Au due to radiobiological and phys-
ical advantages.’ Modern techniques
with template and transrectal ultrasound
(TRUS) guidance have been used for
30 years with excellent treatment toler-
ance and long-term control.>’ The two
most widely used radioactive sources
in prostate LDR-BT are '*°T and palla-
dium-103 (1°3Pd) (Table 1). Peschel

et al studied 272 patients treated with
125T or 193Pd and found no difference
in biochemical disease-free survival.®
However, complication rates appeared
to be higher for '>I, which is consistent
with its radiobiological characteristics.?
Given their excellent disease control
rates, '°I, 193Pd and, more recently, ra-
dioactive cesium (cesium-131) are now
preferred options for LDR-BT in pa-
tients who meet modern eligibility and
indications criteria.’!!

Classic Selection Guidelines
Indications for prostate LDR-BT
have been continuously evolving over
the past decade. The 1999 American
Brachytherapy Society (ABS) rec-
ommendations by Nag et al initially
suggested prostate brachytherapy
as a monotherapy only for patients
with low-risk disease defined per the
D’ Amico criteria'? as T1-T2a, Glea-
son sum < 6, and PSA < 10 ng/ml,"?
respectively. The ABS guidelines
were subsequently updated to include
prostate LDR monotherapy as an op-
tion for both low-risk and selected
patients with intermediate-risk pros-
tate cancer.'* Currently, the National
Comprehensive Cancer Network
(NCCN) recommends brachytherapy

6 W  APPLIED RADIATION ONCOLOGY

www.appliedradiationoncology.com

September 2017



APPLIED RADIATION ONCOLOGY

CURRENT CONTROVERSIES IN PROSTATE BRACHYTHERAPY FOR PROSTATE CANCER

monotherapy for very low, low, and
low-volume-intermediate-risk prostate
cancer patients.!” Contraindications for
brachytherapy have also been chang-

Table 1. Characteristics of the Two Most Common
Prostate LDR-BT Radionuclides

lodine-125 Palladium-103 ing; previous ABS guidelines used a
Half Life 60 days 17 days prostate volume of > 60 cc as a cutoff
agﬁ?/:ft:La o in Lead () g'g;’er E%S:er to recommend against brachyther-
Averageu Photon Energy (MeV) 0.028 0.021 apy,'*!* while more recent NCCN
Dose-Monotherapy (Gy) 145 125 guidelines consider only “very large”
Dose-Boost (Gy) 110 90-100 gland size as a relative contraindication

for brachytherapy without specifying a
cutoff value.!> A summary of the cur-
rent guidelines is provided in Table 2.

Key: Gy: Gray, EBRT: external-beam radiation therapy

Table 2. Summary of Classical Prostate Brachytherapy Guidelines

Nag 1999 ABS'? Davis 2012 ABS'* NCCN 2017 v2'5
Monotherapy <T2a Low risk Very low risk

Gleasonsum< 6 Int risk (optional) Low risk

PSA <10 ng/ml Int risk ( low volume)
With EBRT T2b, T2c Int risk (optional) Int risk

Gleason sum 8-10 High risk High risk

PSA > 20 ng/ml Very High risk
Other relative indications

PNI

Multiple positive biopsies

Bilateral disease

Capsular penetration

Indications

Other indications Not applicable Not applicable Salvage post definitive RT

Large median lobes IPSS scores >20 Very Large gland
History of pelvic RT Small TURP defects Very Small gland
High AUA score History of pelvic RT Bladder outlet obstruction/High IPSS score

With ADT Patients with large prostate (>60 cc) Int risk (optional) High risk
High risk Very Highrisk
Contraindicationsto BT ~ Relative Relative Only Relative (“not ideal”)

History of multiple pelvic surgeries  1BD

Previous TURP

Severe diabetes / healing problems  Large median lobes
Expected technical difficulties Gland size >60cm?
TURP Absolute

Gland size > 60 cc Limited life expectancy
Seminal vesicles involved Ataxia-telangiectasia

Absolute Distant metastases

Life expectancy < 5 years Unacceptable operative risks
Large /unhealed TURP defect Absence of rectum
Unacceptable operative risks Large TURP defects

Metastatic disease

Key: EBRT: external-beam radiation therapy; ADT: androgen deprivation therapy; PSA: prostate-specific antigen; PNI: perineural invasion; TURP: trans-
urethral resection of prostate; AUA: American Urological Association; IPSS: International Prostate Symptom Score; Int Risk: intermediate risk.
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Table 3. Prospective LDR-BT Published Data

Trial Risk Category Treatment N= Primary Endpoint Significance | Grade Il Toxicity
Arm bPFS
5yr 7yr 9yr
ASCENDE- 398 Late
RT17,18
Intermediate GU Gl
(30.7%)
High (69.3%)
EBRT + LDR-BT 198 88.7 86.2 83.3 | Log-rank P < 18% 8%
4.8 | £54 | 6.6 0.001
DE-EBRT 200 83.8 75.0 62.4 5% 3%
+56 | £7.2 | £9.8
SS NSSD
RTOG 588 5 yr PFS Overall Acute: 8%
0232'° NSSD
Low- Late GU | Late Gl
intermediate
LDR-BT 292 86 (81,90) P <0.001 for 3% 2%
EBRT +LDR-BT 287 85 (80,90) futility 7% 3%
USSR

Key: LDR-BT: low dose rate brachytherapy; EBRT: electron-beam radiation therapy; bPFS: biochemical progression-free survival; PFS: progression-free
survival; SS: statistically significant; NSSD: not statistically significant difference; GU: genitourinary; Gl: gastrointestinal; USSR: unknown statistical signif-

icance reported

Use of brachytherapy monotherapy or in
combination with androgen deprivation
therapy (ADT) for high-volume-inter-
mediate-risk or high-risk prostate cancer
patients remains an area of debate. De-
spite the absence of level-I evidence or
randomized trials in this patient popula-
tion, unfavorable intermediate-risk and
high-risk men are generally not offered
brachytherapy as monotherapy.

Modern Outcomes with Prostate LDR
Brachytherapy

The initial report of the Nuclear Re-
search and Consultancy Group (NRG)
Oncology/Radiation Therapy Oncol-
ogy Group (RTOG) 0232 comparing
LDR-BT monotherapy to combined
EBRT followed by an LDR-BT boost for
intermediate-risk prostate cancer patients
showed no difference in progression-free
survival and overall survival with a me-
dian follow-up of 6.7 years. Moreover,

there was no overall acute grade 3+ tox-
icity difference in both groups, but rather
an overall grade 3+ late and grade 3+ GU
toxicity profile favoring LDR monother-
apy alone.'® Another recent randomized
trial, Androgen Suppression Combined
with Elective Nodal and Dose Escalated
Radiation Therapy (ASCENDE-RT),
evaluated the role of LDR-BT in the
management of intermediate- and high-
risk prostate cancer and revealed a bio-
chemical progression-free survival
(bPFS) advantage favoring the addition
of LDR-BT to EBRT for intermediate-
and high-risk groups.'” This trial did in-
dicate a higher grade 3 GU toxicity at 5
years in the LDR-BT group, with half
of those attributed to urethral strictures,
while no other statistically significant
differences in toxicity were found (Table
3).!8 These two trials, in addition to two
previous prospective trials comparing
EBRT alone to EBRT in combination

with HDR-BT, % formed the basis for
updated American Society of Clinical
Oncology (ASCO) guidelines in 2017."!
These guidelines support LDR-BT
monotherapy as an option for low-inter-
mediate-risk patients, and recommend
a brachytherapy boost for intermediate-
and high-risk patients treated with EBRT,
conceding that there may be increased
GU toxicity compared to EBRT alone.'!
It is important to note that the recent
ASCO guidelines did not address the
impact of the interim analysis of the
NRG oncology/RTOG 0232 study,
which was originally designed to test
for a 10% increase in the 5-year PFS
for EBRT with LDR-BT boost.!'® The
RTOG 0232 findings suggest LDR-BT
monotherapy is at least as effective
for patients with favorable intermedi-
ate-risk prostate cancer when compared
to combined modality treatment.'®
Moreover, absent from the guidelines
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FIGURE 1. Dosimetric comparison of (A) intensity-modulated radiation therapy (IMRT), (B)
volumetric-modulated arc therapy (VMAT), (C) stereotactic body radiation therapy (SBRT),
and (D) low dose rate brachytherapy (LDR-BT). Isodose lines correspond to 25% (blue), 50%
(yellow), and 100% (red) of prescription dose.

is an acknowledgement of the import-
ant finding that LDR-BT monotherapy
had a better toxicity profile compared
to combined modality therapy.!'!-!6
Similarly for high-risk prostate cancer
patients, in the absence of randomized
data comparing brachytherapy mono-
therapy (with or without ADT) against
other treatment modalities, it seems
worthwhile for the guidelines to incor-
porate two recent large retrospective
series from the Cleveland Clinic and
from the National Cancer Database.?!??
These studies demonstrated a bio-
chemical relapse-free survival (bRFS)
and prostate-cancer-specific mortality
(PCSM) advantage to LDR-BT mono-
therapy over radical prostatectomy and
EBRT, respectively, in patients with
high-risk prostate cancer.?'?> Impor-
tantly, the toxicity profile in these retro-
spective studies again favored LDR-BT
over EBRT or surgery when comparing
an '»I LDR-BT dose of 144 Gray (Gy)
to an EBRT dose of at least 78 Gy or 70
Gy in 2 or 2.5 Gy per fraction, respec-
tively, both with or without ADT, and
radical prostatectomy followed by adju-
vant or salvage EBRT to a median dose
of 70 Gy in 2 Gy per fraction.?! Finally,
we believe that LDR-BT monotherapy
is a sufficient treatment option for pa-
tients with localized intermediate-risk or

high-risk prostate cancer. If combined
modality radiation therapy was offered
for these patients, we favor brachyther-
apy after EBRT. One reason is the un-
certainty of calculating cumulative dose
with external beam after the implant
was placed and the potential for in-
creased toxicity of delivering EBRT on
top of an active implant. That said, we
believe either could be reasonable de-
pending on physician and institutional
experience.

Dosimetric Differences Between
Brachytherapy and EBRT

While available guidelines provide
indications, outcome, toxicity, and, more
recently, cost-effectiveness for pros-
tate brachytherapy,'!"!3 these guidelines
seldom address the radiobiological and
dosimetric advantage of brachytherapy.
With EBRT it is necessary to account
for setup error, patient (external) move-
ment and organ (internal) movement,
which are used to generate a planning
target volume (PTV). The PTV typi-
cally ranges from 0.5 - 1 cm around the
clinical target volume (CTV) depend-
ing on the method of immobilization
and use of image-guided radiation ther-
apy (IGRT).?? Kneebone et al showed
a reduction in the average deviations
to 2.9 mm, 2.1 mm and 3.9 mm in the

anteroposterior, right-left, and supero-
inferior directions, respectively, with
the incorporation of rigid external im-
mobilization.?* Internal immobilization
with endorectal balloon or spacers are
used to further maximize treatment re-
producibility, but may result in tissue
deformation, increased anterior rectal
wall contact to target, diminished pa-
tient compliance, increased costs, and
possibly increased treatment failure.>>28
Another challenge sometimes faced
during EBRT treatment planning in-
volves imaging artifacts associated with
a hip prosthesis that can obscure pelvic
anatomy and impair the ability of the
treatment-planning system to accurately
determine densities for dose modeling.?
Finally, obese patients tend to be at a
higher risk of interfraction setup errors
resulting in a higher risk of relapse post
EBRT.**! Despite that, adequate EBRT
coverage mandates that 3D-CRT or
IMRT doses be normalized so that 98%
of the PTV receive the prescription dose
as per the current ongoing RTOG 0924
trial protocol.* For stereotactic body ra-
diation therapy (SBRT) or hypofraction-
ated radiation therapy cases, the dose is
prescribed to cover at least 95% of the
PTV* (Figure 1A-C).

On the other hand, for LDR-BT,
optimal placement of sources is the
key to achieving adequate dose to the
prostate while minimizing toxicity to
normal tissues (Figure 1D).>* The pho-
ton decay characteristics of modern
prostate brachytherapy sources result
in highly local energy deposition, and
generally yield a more conformal dose
distribution.® Georg et al studied the
dosimetric differences among modern
radiation therapy techniques includ-
ing volumetric-modulated arc therapy
(VMAT), intensity-modulated proton
therapy (IMPT), intensity-modulated
carbon-ion therapy (IMIT), LDR-BT,
and HDR-BT. All doses were clinically
appropriate and were normalized to bi-
ologically equivalent fractionations.
Brachytherapy was found to be superior
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Isolevels [Gy(IsoE)]

FIGURE 2. Absolute dose distribution of different treatment modalities after radiobiological conversion (Cited from Georg D et al. Int. J Radiat

Oncol Biol Phys. 2014).%6

in sparing normal tissues (Figure 2).3
Moreover, despite modern EBRT and
IGRT techniques, given brachyther-
apy’s significant inverse-square dose
falloff advantage, intraprostate doses
remain significantly higher with
brachytherapy compared to EBRT.?’
This allows for dose escalation and in-
creased biological effective dose, hence
possibly explaining the improvement in
PFS and PCSM, even in men with high-
risk prostate cancer. 7?1?22

Conclusion

In summary, prostate LDR-BT is a
well-established treatment modality
with excellent long-term outcomes for
patients with localized prostate cancer,
with similar outcomes between different
radionuclides.'®7 Appropriate patient
selection remains a moving target in the
modern era, and eligibility guidelines
continue to evolve accordingly.!13
While brachytherapy as monotherapy is
accepted as a standard for low-risk and
low-volume-intermediate-risk prostate
cancer patients, no randomized data show
inferiority to combined treatment modal-
ities in high-volume-intermediate-risk
or high-risk prostate cancer patients.
Recent multicenter randomized studies

(RTOG 0232) have shown similar out-
comes and favorable toxicity profiles
for LDR-BT monotherapy compared
to combined therapy with EBRT for pa-
tients with favorable intermediate-risk
prostate cancer.'® Retrospective data
from the Cleveland Clinic and National
Cancer Database have shown similar
efficacy and toxicity results in high-risk
patients.”!?? These outcomes data are un-
derpinned by the dosimetric advantage of
brachytherapy over EBRT.?¢ Prospective
trials to evaluate the role of brachyther-
apy monotherapy in well-selected high-
risk patients are needed to address gaps
and shape future guidelines.
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