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Introduction 

Interest in proton therapy (PT) in the management of 
prostate cancer has steadily increased over the past two 
decades. Protons are charged particles that produce a 
significantly different dose distribution when compared 
to photon based radiation therapy techniques, including 
intensity-modulated radiation therapy (IMRT). PT reduces 
integral dose of radiation delivered to organs at risk (OARs) 
surrounding the target (1-3). This may translate into lower 
rates of gastrointestinal (GI) and genitourinary (GU) 
toxicities in patients being treated for prostate cancer. PT 
may also reduce the risk for second cancer development and 
sexual dysfunction when compared to IMRT (4).

Over the past decade, a number of new proton centers 
have opened across the United States, and many have 
promoted the use of PT in the management of prostate 
cancer. Since PT is more expensive than other radiation 

therapy techniques, like brachytherapy and IMRT (5), 
physicians, patients, and other stakeholders are interested 
in high-quality evidence supporting PT in the management 
of prostate cancer. Specifically, the medical community has 
called for comparative effectiveness studies to determine 
whether PT improves the therapeutic ratio in the 
management of prostate cancer when compared to other less-
expensive treatment modalities.

This review will summarize the dosimetric advantages 
of PT compared with photon-based conventional radiation 
techniques (such as IMRT), its cost, cost effectiveness, and 
supporting literature for PT in the management of prostate 
cancer.

Potential advantages and disadvantages of PT 

The potential advantages and disadvantages of PT result 
from its dosimetric features. Protons travel only a finite 
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distance, proportional to their speed, which can be 
controlled during the acceleration process; they deposit 
most of their energy at the end of their range in an area 
called the “Bragg peak” and, unlike photon-based radiation, 
there is no exit dose beyond the target. Additionally, the 
entrance dose is relatively low when compared to external-
beam photon radiation. For many target locations, these 
features reduce the excess radiation dose delivered to 
surrounding organs and the number of beams needed to 
treat a target when compared to photon radiation (Figure 1).  
Multiple dosimetric comparisons have been performed 
evaluating the extent of the dosimetric improvements 
that PT offers for prostate cancer and, in general, they 
have shown that PT reduces the dose of excess radiation 
provided to OARs in the low-to-moderate range [<50 gray 
(Gy) relative biological effectiveness (RBE)].

Trofimov et al. (2) published a comparison of passive-
scattering PT, intensity-modulated PT (IMPT), and 
IMRT for the treatment of prostate cancer. The authors 
created comparison plans for ten patients treated for 
localized prostate cancer and found that PT reduced the 
V30 Gy(RBE) significantly to the rectum and bladder 
when compared to IMRT. Mean doses to the rectum 
also were reduced by 26% for PT when compared to 
IMRT. Furthermore, the PT plans provided better dose 
homogeneity than the IMRT plans as PT reduced the 
maximum dose and the volume receiving more than 110% 
of the max dose. PT also reduced the total irradiated volume 
of normal tissue in patients when compared with IMRT. 
Similarly, Vargas et al. (3) compared IMRT and passive-
scattering PT treatment plans for ten patients with low-risk 
prostate cancer. PT significantly reduced all dose volumes 

from V10 to V80 Gy(RBE) to the rectum and rectal wall 
when compared to IMRT. All bladder volumes between V10 
and V35 Gy(RBE) also were reduced significantly by PT 
when compared to IMRT. Finally, Chera et al. (1) evaluated 
IMRT and passive-scattering PT plans for a patient 
with high-risk prostate cancer who required pelvic nodal 
irradiation. The passive-scattering PT plans significantly 
reduced the dose of excess radiation to the rectum, rectal 
wall, bladder, and small bowel. Specifically, PT reduced 
the rectum V5 to V40 Gy(RBE) by 53% to 71% (P<0.05) 
when compared to IMRT. PT also reduced the V5 to V40 
Gy(RBE) to the bladder by 40% to 63% (P<0.05). Because 
PT reduces the integral dose of excess radiation delivered 
to the body when compared to IMRT, PT will likely reduce 
the risk for secondary cancer development in patients 
surviving more than 10 years after treatment. Yoon et al. (4)  
compared the amount of scattered dose from PT to that 
from IMRT plans when treating prostate cancer. Scattered 
dose was an order of magnitude higher for the IMRT plans 
than for the PT plans, leading the authors to predict that 
IMRT was 5 times more likely to lead to secondary cancer 
development than PT. In a similar study, Fontenot et al. (6) 
found that the scattered dose from PT used to treat prostate 
cancer was much lower than that delivered by the IMRT 
plans. PT was predicted to reduce the risk for second 
malignancy after radiation therapy by 26% to 39% when 
compared to IMRT.

Nichols et al. (7) retrospectively reviewed the medical 
records of 171 men treated with PT for localized prostate 
cancer and found that PT does not affect serum testosterone 
levels. PT provides less excess radiation dose to the testes 
when compared to photon-based radiation. Consequently, 

Figure 1 Dosimetric comparison of intensity-modulated radiation therapy and passive-scattering proton therapy. An axial slice from a computed 

tomography image for each plan is included. The prostate, planning target volume, femoral heads, rectum and bladder are contoured in green, 

purple, red, yellow, and brown, respectively.
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while photon-based radiation lowers testosterone by 9% 
to 27% on average, patients treated with PT can expect 
no changes in testosterone, which may reduce the risk for 
fatigue or sexual dysfunction after treatment (7-9).

While PT reliably reduces dose to the bladder, rectum, 
and testes at lower dose ranges [<50 Gy(RBE)] irrespective 
of PT technique, potential dosimetric and radiobiologic 
disadvantages at higher doses [>50 Gy (RBE)] may occur 
depending on proton delivery method. 

For example, Trofimov et al. (2) found that IMRT 
provided better dose conformality than passive-scattering 
PT. The average conformality index was 2.73 with IMRT 
and 3.11 with passive-scattering PT plans (P=0.004). The 
authors also found that doses to OARs in the high-dose 
range [>50 Gy(RBE)] were the same or worse with passive-
scattering PT when compared to IMRT. For example, 
the average bladder V60 was 30% lower for the IMRT 
plans compared to the passive-scattering PT. On the other 
hand, when PT was delivered with intensity modulation 
with active scanning rather than passive scattering, IMPT 
provided better proximal dose conformality, reduced the 
lateral penumbra, and provided a better conformality 
index than IMRT. Underwood et al. had similar findings 
when comparing IMRT to passive-scattering PT (10). The 
authors found that IMRT provided lower doses in the range 
of 50 to 70 Gy(RBE) for both the rectum and the bladder 
when compared to passive-scattering PT. 

Another potential disadvantage of PT is uncertainty 
in the RBE of PT compared with photon radiation. The 
effectiveness of the beam in causing cellular damage may be 
heterogeneous across the beam profile making predictions 
of tumor response and toxicity difficult. Although most 
clinical centers assume that PT has a constant RBE of 1.1, 
several investigators have found that the RBE along the 
proton beam path is not constant and often depends on 
beam depth (11,12). In vitro data suggest that the RBE is 
greater than 1.1 at the distal edge of the spread-out Bragg 
peak, and it may be higher at other beam locations as well 
(11,12). If ignored, variations in RBE may potentially place 
patients at higher risk for toxicity than photon radiation 
depending on the beam angles chosen, intrafraction motion, 
and target location (10). The variability of the RBE of 
protons can also be interpreted as a relative strength of 
PT. Some authors have called for the use of anterior beam 
orientations when treating prostate cancer so that the 
distal end of the spread-out Bragg peak is deposited on the 
peripheral zone of the prostate where most prostate cancers 

are found. The potentially higher RBE in this location 
could theoretically aid in tumor control (10).

Literature review 

Non-comparative cohort studies 

A few prospective and retrospective cohort studies have 
been published documenting the safety and efficacy of PT 
(Table 1) (13-21). In general, the studies have shown that PT 
minimizes the risk for major toxicity despite the use of dose 
escalation. PT also provides excellent biochemical control 
with overall rates of freedom from biochemical failure 
exceeding 90% in most studies featuring dose-escalated 
PT. In a study including patients treated to moderate doses 
of radiation therapy, Slater et al. published the results of 
a retrospective review of 1,255 patients treated with PT 
for localized prostate cancer between 1991 and 1997 (14). 
The median prescribed dose was 74 Gy(RBE) delivered at  
2 Gy(RBE) per fraction. The median follow-up was 63 months;  
the overall 5- and 8-year biochemical control rates (BCRs) 
were 75% and 73%. Two cases of late grade 3 rectal 
bleeding and a case of grade 3 bowel obstruction requiring a 
colostomy were observed. Fourteen patients developed late 
grade 3 GU toxicity. The actuarial 5- and 10-year rates of 
freedom from late grade 3+ GI and GU toxicity was 99%.

Mendenhall et al. (13) reported 5-year outcomes in three 
prospective trials featuring dose-escalated PT for patients 
with low-, intermediate- and high-risk prostate cancer, 
respectively. Patients were treated using passive-scattering PT 
to 78 to 82 Gy(RBE). The median follow-up was 5.2 years  
and the 5-year rates of freedom from biochemical failure 
for patients with low-, intermediate-, and high-risk prostate 
cancer were 99%, 99%, and 76%, respectively. Toxicity 
was recorded per the Common Terminology Criteria for 
Adverse Events (CTCAE), version 4.0, guidelines and the 
rates of grade 3 GU and GI toxicity were 1.0% and 0.5%, 
respectively. Between baseline and >4 years of follow-up, 
patient-reported quality of life (QOL) did not significantly 
change according to the Expanded Prostate Cancer Index 
Composite (EPIC) sexual summary, bowel, or urinary 
irritative/obstructive summary scores. The same group 
of authors published an update of outcomes for a larger 
series of patients treated on the aforementioned protocols 
and enrolled on an outcomes-tracking protocol between 
2006 to 2010 (18). Per the outcome-tracking protocol, the 
investigators collected patient-reported QOL and toxicity 
follow-up information prospectively. At 5 years, the rates 
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of freedom from biochemical failure for patients with low-,  
intermediate-, and high-risk disease were 99%, 94%, and 
74%. The 5-year rates of grade 3 GU and GI toxicity 
were 2.9% and 0.6%, respectively, per CTCAE, version 4. 
Patient-reported QOL significantly declined only within 
the EPIC sexual summary domain.

Nihei et al.  (15) published a prospective multi-
institutional phase II study evaluating the efficacy and safety 
of PT for localized prostate cancer. A total of 151 patients 
treated with passive-scattering PT to 74 Gy(RBE) at  
2 Gy(RBE) per fraction were included in the analysis. The 
primary endpoint was late toxicity graded according to the 
CTCAE, version 2.0. With a median follow-up of 3.6 years, 

the rates of grade 2 GU and GI toxicity were 7.8% and 4.1%, 
respectively. The rate of overall freedom from biochemical 
failure was 94%. 

Finally, Pugh et al. (17) published results of a prospective 
study including 226 men treated for localized prostate 
cancer with PT. With a minimum follow-up of 2 years, 
the incidence of grade 2+ GU and GI toxicity were 13.4% 
and 9.6%, respectively. Only a single patient experienced a 
grade 3 GI toxicity and no episodes of grade 3 GU toxicity 
were reported. The only meaningful decrement of patient-
reported QOL following PT was in the bowel domain 
of the EPIC summary between baseline and >2 years of 
follow-up. 

Table 1 Literature review of studies documenting the safety of proton therapy for the treatment of prostate cancer

Study
No. of 

patients
Median radiotherapy 

dose, Gy(RBE)
Dose per  

fraction, Gy(RBE)
Median follow-

up, years
5-year  

BCR (%)
G3+ GI toxicity  

rate (%)
G3+ GU  

toxicity rate (%)

Mendenhall  
et al. 2013 (13)

211 78–82 2.0 5.2 LR, 99.0; IR, 
99.0; HR, 76.0

0.5 1.0

Slater et al.  
2004 (14)

1,255 74 2.0 5.3 73.0 1.0 1.0

Nihei et al.  
2011 (15) 

151 74 2.0 3.6 94.0 4.1 (G2+) 7.8 (G2+)

Kim et al.  
2013 (16)

82 Arm 1: 60 3.0 3.5 LR, 92.0†; IR, 
90.0†; HR, 75.0† 

16.0 (G2+) 7.0 (G2+)

Arm 2: 54 3.6

Arm 3: 47 4.7

Arm 4: 35 (2.5 
weeks)

7.0

Arm 5: 35 (5 weeks) 7.0

Pugh et al.  
2013 (17)

291 76 2.0 2.0 – <0.3 0

Bryant et al.  
2015 (18)

1,215 78 2.0 5.5 LR, 99.0; IR, 
94.0;  
HR, 74.0

0.6 2.9

Spratt et al.  
2013 (19)

1,002 IMRT 86.4 5.5 LR, 98.8*; IR, 
85.6*; HR, 67.9*

0.7 2.2

Vora et al.  
2013 (20)

302 IMRT 75.6 7.6 LR, 77.4**; IR, 
69.6**; HR, 53.3**

0 0.7

Edelman et al.  
2012 (21)

130 3D conformal and 
IMRT

296.0 3.9 86.0 with ADT;  
81.0 without ADT

2.0 for those 
with ADT and 
without ADT 

2.0 with ADT;  
3.0 without 
ADT

†, 4-year results; *, 7-year results; **, 9-year results. Gy, gray; RBE, relative biological effectiveness; BCR, biochemical control rate; GI, 
gastrointestinal; GU, genitourinary; LR, low risk; IR, intermediate risk; HR, high risk; G2+, grade 2 or higher toxicity; G3+, grade 3 or higher 
toxicity; IMRT, intensity-modulated radiation therapy; 3D, 3-dimensional.
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When compared to similar studies featuring IMRT 
for prostate cancer, PT compares favorably in terms of 
biochemical control while the risk of GI and GU toxicity 
is similar, as Table 1 shows. For example, Vora et al. (20) 
published results from a retrospective series of patients 
treated with high-dose photon radiation from the Mayo 
Clinic (Phoenix, AZ). Patients were treated to a median 
dose of 75.6 Gy. The median follow-up was for 7.6 years 
and the 9-year freedom from biochemical relapse rates 
were 77.4% for low-risk, 69.6% for intermediate-risk, and 
53.3% for high-risk prostate cancer. The risk for late grade 
3+ GI and GU toxicity was 0% and 0.7%, respectively. 
Additionally, Spratt et al. (19) published results from a series 
including 1,002 men with localized prostate cancer treated 
with high-dose IMRT at Memorial Sloan-Kettering Cancer 
Center (New York, NY, USA) between 1997 and 2008. The 
median dose delivered to the prostate was 86.4 Gy and the 
7-year biochemical relapse-free survival rate was 98.8% for 
low-risk, 85.6% for intermediate-risk, and 67.9% for high-
risk patients. The risk for late grade 3+ GI and GU toxicity 
was 0.7% and 2.2%, respectively. 

Comparative studies of patient-reported QOL and toxicity

A few retrospective comparisons have been published 
evaluating toxicity and patient-reported QOL for patients 
treated with photon or proton beam radiation. The 
results have been mixed with some studies finding that PT 
reduces the risk for acute side effects of radiation therapy, 
as well as bowel frequency and urgency in comparison to 
photon based radiation, while other studies suggest that 
PT yields equivalent or worse outcomes. For example, 
Gray et al. evaluated 3-dimensional (3D) conformal photon 
radiation, IMRT, and PT using prospectively collected 
patient-reported QOL data (22). In the first 3 months of 
follow-up, the authors reported worse patient-reported 
QOL in the bowel/rectal, urinary irritative/obstruction, 
and incontinence domains for patients treated with 3D 
conformal radiotherapy and IMRT when compared to 
patients treated with PT; however, by 12 and 24 months 
of follow-up, no significant differences in patient-reported 
QOL were seen among the three groups. 

Hoppe et al. (23) compared prospectively collected 
patient-reported QOL data for patients treated with PT 
for localized prostate cancer with patient-reported QOL 
from the Prostate Cancer Outcomes and Satisfaction 
(PROSTQA) treatment assessment study, which included 
men with prostate cancer treated with high-dose photon 

radiation. After 2 years of follow-up, there were no 
differences in EPIC bowel, urinary irritative/obstructive, 
or sexual summary scores between patients managed with 
PT or those managed with photon-based radiation. When 
confounding factors were accounted for, however, patients 
treated with IMRT had significantly more “moderate” or 
“big problems” with rectal urgency and bowel frequency 
than those treated with PT. 

Fang et al.  (24) published a case-matched study 
performed at the University of Pennsylvania (Philadelphia, 
PA, USA) comparing physician-reported toxicity for patients 
treated with IMRT or PT for localized prostate cancer. 
Patients in each group were retrospectively matched based 
on risk group, age, and prior GU and GI comorbidities. 
Acute GI toxicity was significantly lower among patients 
receiving PT than those receiving IMRT. By 1 and 2 years 
of follow-up, though, there was no significant difference 
in physician-reported grade 2+ GU or GI toxicity between 
IMRT and PT. 

Finally, two studies using Medicare-based claims data 
extracted from the Surveillance, Epidemiology, and End 
Results (SEER) database have been published that compared 
toxicity for patients with prostate cancer treated with IMRT 
or PT. Sheets et al. (25) published the results of a study 
featuring 12,976 patients treated between 2000 and 2009 with 
IMRT, PT, or 3D conformal photon-based radiation therapy. 
In a propensity score-adjusted analysis, patients treated 
with PT did not differ in the risk for erectile dysfunction 
or urinary incontinence when compared to patients treated 
with IMRT. The authors found that PT was correlated 
with a higher risk for GI morbidity and GI procedures 
than IMRT. Yu et al. (26) published a Medicare-based 
comparative study of claims data including 27,647 patients 
treated with radiation therapy for prostate cancer. Patients 
treated with PT were matched to a subset of patients with 
similar socioeconomic and clinical characteristics who were 
treated with IMRT. The acute GU toxicity rate within 
the first 6 months of follow-up was significantly lower for 
patients who received PT than those who received IMRT. 
The risk for GI toxicity was not significantly different at any 
time during follow-up; by 12 months GU toxicity rates were 
also not significantly different between the two groups.

Because each comparison was made retrospectively 
and each study featured short follow-up, it is difficult to 
interpret the results of these comparative studies. The two 
SEER-based studies used Medicare reports as surrogates 
for toxicity. Consequently, all toxicities that did not have 
a Medicare code or did not lead to a procedure were not 
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reported, which is a glaring weakness as their toxicity results 
are likely not comprehensive. Furthermore, both studies 
failed to report disease control data although it is possible 
that PT and IMRT have unaccounted-for differences in 
relative biologic effectiveness depending on the PT delivery 
method. Additionally, although patient-reported QOL 
data were provided in Fang et al. (24) and Gray et al. (22), 
the authors did not report differences in bowel frequency, 
diarrhea, or erectile dysfunction between the two treatment 
groups (22). This omission is important since the dosimetric 
improvements provided by PT result from reduced excess 
radiation in the low-to-moderate dose range, which may 
result in lower rates of erectile dysfunction, diarrhea, and 
bowel urgency, but not necessarily less rectal bleeding or 
urethral stricture. Like the aforementioned Medicare based 
studies, Fang et al. (24) and Gray et al. (22) also failed to 
report disease control rates, which may not be equivalent (5).  
Finally, some side effects, like long-term changes in bowel 
and bladder function and the development of second 
malignancies, require longer observation time to accurately 
measure the impact of PT.

Cost effectiveness 

Today, PT is more expensive than other radiation therapy 
techniques. The construction and maintenance fees of a 
proton center increases the cost associated with the delivery 
of PT. Manufacturers of PT systems charge between  
$20 million (U.S.) for a one-room system and $200 million  
(U.S.) for a multi-room system for construction and 
installation, which is much higher than the costs of a similarly-
sized photon-based radiation facility and equipment (26-30).  
Additionally, the operating costs of a proton center are 
estimated to be higher than those of a conventional photon-
based radiation facility (31). Consequently, it is estimated 
that a course of standard fractionated PT (8 to 9 weeks  
of treatment) costs approximately $13,000 to $29,000 more 
per patient than IMRT (26-30). The higher cost associated 
with PT has drawn attention from stakeholders who seek to 
understand the potential benefits of PT and to determine if it 
is cost-effective.

Multiple authors have attempted to determine whether 
PT is cost-effective in the management of prostate cancer 
and the authors of each study relied on varying assumptions 
about the potential benefit of PT compared to IMRT and/or  
brachytherapy. Consequently, the estimates for cost-
effectiveness for PT vary widely, raising questions about 
their validity. For example, Lundkvist et al. (31) published 

the results of a Markov model that showed that PT was 
cost-effective when compared to conventional radiation 
for prostate cancer. The authors assumed that PT would 
reduce the risk for prostate cancer recurrence by 20% when 
compared to IMRT if it was delivered at a higher dose, 
which is feasible because of better patient tolerability related 
to less dose to OARs. The authors also assumed that PT 
would reduce the risk for adverse events by 40%. With the 
criteria for cost-effectiveness set at 55,000 Euros per quality-
adjusted life-year (QALY), PT was found to be cost-effective  
as its cost per QALY was only 26,800 Euros (31).

Conversely, Konski et al. (28) published the results of a 
Markov model used to assess the cost difference and QALY 
difference in patients treated with PT compared to IMRT 
for prostate cancer. The model included the assumption that 
PT could be used to escalate the dose to the prostate and 
improve cure rates while maintaining a similar toxicity profile 
as lower-dose IMRT. The authors found that the incremental 
cost-effectiveness ratio (ICER) for a >70-year-old  
patient was $63,578/QALY at 15 years of follow-up. The 
ICER for PT was shown to improve with longer follow-up,  
but never met the criteria for cost-effectiveness. The 
probability of cost-effectiveness was only 49% at 15 years. 
The ICER for a 60-year-old patient was $55,726/QALY at 
15 years of follow-up after PT, which also did not meet the 
requirements for cost-effectiveness. 

These cost-effectiveness estimates are problematic 
because both studies were performed before most of the 
prospective data supporting the efficacy and safety of PT 
was published (28,31). Additionally, these estimates may 
have changed since the cost of installing PT systems has 
decreased over time, potentially making PT more cost 
effective (26-29,32). Owing to these factors, estimates of the 
cost-effectiveness of PT will require continual adjustment 
as more data emerge and the cost of PT changes with time.

The future of PT

Currently, many stakeholders believe there is insufficient 
evidence to support PT in the management of prostate 
cancer. Still, the medical community can look forward 
to results from the PARTIQoL randomized trial that is 
currently accruing. This trial includes men with localized 
prostate cancer randomized to high-dose PT or IMRT. The 
primary outcome will be patient-reported QOL measured 
by EPIC mean bowel scores at 24 months of follow- up. 
The results of this trial may shed light on the relative 
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benefit that PT could provide patients with prostate cancer. 
Nevertheless, because its patient cohort includes fewer than 
500 men, the trial may not have enough power to detect 
clinically important differences in patient-reported bowel 
QOL. Additionally, bowel summary score may not be the 
best endpoint to study as it includes several symptoms, like 
rectal bleeding, bowel urgency, and bowel frequency, that 
commonly occur after radiation therapy but likely occur 
at different dose-volume thresholds. For example, rectal 
bleeding has been associated with the volume of rectal wall 
or rectum receiving doses of 75 to 78 Gy or higher in both 
the photon (33) and proton experiences (34), while bowel 
urgency and frequency, appear to be associated with the 
volume of rectum receiving doses of 40 Gy (23). Since the 
dose distributions between IMRT and PT are very different, 
advantages for one or the other may be obscured in the 
summary score, though apparent in individual symptom 
scores. Unfortunately, this randomized trial will likely not 
have enough power to evaluate each pertinent symptom 
within the EPIC bowel summary score individually, which 
is a potential weakness. Currently this randomized study 
between IMRT and PT is the only ongoing prospective 
comparative clinical trial, but it is likely that a much 
larger prospective comparative study will be necessary to 
determine whether PT has advantages for reducing specific 
toxicities and improving specific patient-reported QOL 
outcomes and/or improving disease control compared to 
IMRT in the management of localized prostate cancer.

In the future, improvements in the delivery of PT, 
including the adoption of IMPT and a reduction in the 
upfront costs of the development of proton facilities, 
are likely to improve the cost-effectiveness of PT. The 
technological improvement in the delivery of PT may 
amplify any outcome differences between PT and photon-
based therapies. Consequently, the continued study of the 
relative benefits of PT must be performed to capture its true 
value.

Conclusions 

In summary, PT remains a promising treatment for patients 
with prostate cancer because it provides less excess radiation 
to the OARs surrounding the prostate when compared to 
photon-based radiation therapy. Less excess dose to OARs 
is likely to result in improved toxicity rates and QOL, but 
also opens the door for escalation and/or intensification of 
dose to the prostate and potentially better disease control. 
Prospective studies support the safety and efficacy of PT 

in the management of prostate cancer; therefore, its use 
in these patients should not be considered experimental. 
Early prospective benchmark studies and retrospective 
comparative studies suggest that PT may reduce the risk 
for acute physician-reported GI and GU side effects 
and patient-reported acute and late bowel frequency 
and urgency and potentially improve disease control. 
Nevertheless, prospective comparative studies with extensive 
follow-up are needed to provide an accurate estimation 
of the relative benefits of PT as compared to IMRT and 
other prostate cancer treatments such as brachytherapy 
and surgery. Furthermore, as the costs associated with PT 
decrease, all cost-effectiveness comparisons will require re-
evaluation. 
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