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Background: There is conflicting evidence in the literature for the impact of obesity on
treatment outcome for prostate cancer patients treated with radiotherapy. The first aim
of this study is to identify if obesity negatively impacts on treatment outcome for obese
prostate cancer patients treated with radiation therapy. The second aim of this study is to
compare the treatment modalities used to treat obese and non-obese prostate cancer patients
to establish if there is a benefit in treatment outcome when using particular treatment
modalities for BMI groups.
Materials and Methods: A database search using PubMed, Embase, The Cochrane Library
and Science direct was performed to search articles published 2003-2013. Articles were
selected based on relevancy, content and quality.
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Results: Eighteen articles and 25,397 patients were included in this review collectively.
Radiation therapy treatment methods included brachytherapy, 3-dimentional conformal
radiotherapy, intensity modulated radiotherapy and tomotherapy. Studies using conformal
external beam radiotherapy techniques, image guided radiotherapy, hypofractionated
regimes or brachytherapy show little or no impact of obesity on treatment outcome or
toxicity. Studies using non-conformal techniques, lower total doses and poor image guided
radiotherapy (IGRT) show inferior treatment outcome and increased toxicity for obese
prostate cancer patients treated with radiation therapy.
Conclusion: Greater BMI is associated with decreased overall survival. However, the
negative impact of obesity on radiation induced toxicity, biochemical relapse and prostate
cancer specific mortality may be prevented if treatment includes brachytherapy, IGRT,
hypofractionated regimes and conformal radiotherapy techniques. Future studies are
needed to establish individualised treatment protocol for obese patients.

Keywords: obesity, BMI, treatment outcome, overall survival, biochemical recurrence,
disease free survival, prostate cancer specific mortality, side effects, toxicity

Abbreviations: BMI, body mass index; RT, radiation therapy;
EBRT, external beam radiation therapy; BT, brachytherapy; IGRT,
image guided radiation therapy; BCR, biochemical recurrence; OS,
overall survival; ADT, androgen deprivation therapy; IMRT, intensity
modulated radiation therapy; PCS, physical component scale;
EPIC, expanded prostate cancer index composite scoring system;
SF-12, short form health survey; PCSS, prostate cancer specific
survival; PCSM, prostate cancer specific mortality; CI, confidence
interval; PSA, prostate specific antigen; CT, computed tomography;
HR, hazard ratio; RR, relative risk; ASTRO, American society of
therapeutic radiation oncology; LR, left-right; AP, anterior-posterior;
SI, superior-inferior; PCA, prostate cancer

Introduction
The incidence of obesity worldwide has been increasing
concurrently with prostate cancer (PCa) diagnosis among men.1
Obesity alone substantially impacts public health.2,3 Obesity is
linked with a number of cancers including PCa.4-6 PCa is the sixth
most common cause of cancer related death in men worldwide.1 The
confusing relationship between obesity and PCa has been a topic
of ongoing research. This debate discusses the impact of obesity of
treatment outcome and radiation induced toxicity for PCa patients
treated with radiation therapy. Obesity has shown to increase risk of
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PCa death.1,5,7-10 A recent meta-analysis and systematic review showed
that a 5kg/m2 BMI increase was associated with a 15% higher risk
of biochemical relapse after radiation therapy and a 5kg/m2 increase
in BMI was associated with 15% higher risk of dying of PCa.11
MacInnis et al.,12 found that BMI was associated with a 12% higher
risk of advanced PCa for each 5kg/m2 increase.
Obese PCa patients have shown to present with aggressive disease
and less commonly to present with non-aggressive disease.13,14 One
current hypothesis is that obesity lowers the risk of non-aggressive
PCa while increasing the risk of aggressive PCa.15,16 This relationship,
associated co-morbidities and technical difficulties when treating
obese patients can influence treatment outcome greatly when using
any modality. Studies have shown the negative impact of obesity on
treatment outcome after radical prostatectomy (RP)17,18 and androgen
deprivation therapy (ADT).11,19,20 While it is clear that obesity
negatively influences RP and ADT, the evidence in relation to radiation
therapy is contradictory. PSA prostate specific antigen can be used as
a tumour marker for PCa detection and in conjunction with grade and
stage can predict the course and outcome of treatment for the patient.
There is a current need to understand the relationship between BMI
and treatment failure following radiation therapy to establish BMIs
predictive value. PSA recurrence is used as a surrogate for treatment
failure in this and previous studies.
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A previous meta-analysis11 found no association between obesity
and biochemical recurrence (BCR) in brachytherapy. However,
there was increased risk of BCR when using external beam radiation
therapy (EBRT). This raises the question, is brachytherapy more
suited to obese patients than external beam therapy?
Treatment outcome can be considered under the following
headings; disease free survival, biochemical recurrence, prostate
cancer specific mortality (PCSM) and overall survival (OS). This
study compares these conflicting results and will debate the following
arguments; obesity negatively impacts on treatment outcome after
radiation therapy and obesity increases toxicity for prostate cancer
patients treated with radiation therapy. For PCa patients, dose volume
constraints of organs at risk can be treatment dose limiting. Occurrence
of radiation induced toxicity and side effects can decrease patients’
quality of life. The rectum, small bowel, bladder and penile bulb are
the organs at risk (OAR).21-24 Standardised toxicity scoring systems
can be used to analyse and compare toxicity of radiation therapy.

Aims and objectives
This aim of this debate is to establish if obesity negatively
influences treatment outcome or toxicity for prostate patients treated
with radiation therapy. It compares contrasting literature to identify
evidence for and against the arguments. The long term goal of this
study is to highlight if there is a need for a change in the management
of obese patients to ensure equal treatment benefit for PCa patients of
all BMI categories.
I. The first aim of this study is to identify if obesity negatively
impacts on treatment outcome for obese prostate cancer patients
treated with radiation therapy. This will be done through two
objectives. Firstly by comparing treatment outcome of obese
and non-obese prostate cancer patients after radiation therapy.
Biochemical relapse, disease free survival, overall survival
and prostate cancer specific death are the outcomes compared
between obese and non-obese cohorts. Secondly, by comparing
radiation induced toxicity data between obese and non-obese
prostate cancer patients treated with radiation therapy. Toxicity
affecting patient quality of life, hormonal, gastrointestinal,
genitourinary and sexual function is compared between cohorts.
II. The second aim of this study is to compare the treatment
modalities used to treat obese and non-obese prostate cancer
patients to establish if there is a benefit in treatment outcome
when using particular treatment modalities for BMI groups.
The first objective to complete this aim is to establish if there
is a trend in treatment modality used for particular BMI groups.
The second objective to is to establish if treatment outcome is
improved or worsened when particular treatment modalities are
used for particular BMI groups.

Materials and methods
Search strategy for identification of studies. A database search
using Pubmed, Embase, The Cochrane Library and Science Direct
was performed to search articles published 2003-2013 using advanced
search filters and the search terms. Articles were selected based on
relevancy, quality and content. The references were searched for
relevant articles and analysed to ensure they met the inclusion criteria.
If only an abstract was available, the full study was searched for
through UCD library or TCD inter library loan.
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Inclusion criteria
Worldwide study groups of any ethnicity and geographical
location are included. Patient’s cohorts of different BMI levels treated
with external beam radiation therapy and/or brachytherapy for PCa
are included for comparison. The participant population can include
surgical or hormone adjuvant therapies as studies with radiation
therapy as monotherapy are few. Patient BMI category must be
clearly documented. All studies must include obese and non-obese
BMI categories.

Exclusion criteria
If more than one article was published on the same study
population the study with the larger sample size and/or longer followup period was used if the same outcome was documented for both
papers. Palliative and metastatic patient groups at time of primary
treatment were excluded. Articles not using BMI to measure obesity
were excluded. Abstract only articles were excluded. Studies not
published in the English language were excluded.

Search terms
Search terms were formed by combining keywords (Table1).

Type of studies
Published studies that met all inclusion and exclusion criteria were
included. Retrospective and prospective studies comparing treatment
outcome and treatment related toxicity were included. The studies
must compare obese and non-obese patients in relation to treatment
outcome or toxicity, using any radiation therapy treatment modality.
The outcomes for each BMI group can therefore be compared in
relation to each modality used.

Type of participants
Participants include PCa patients who are obese at time of
treatment. Different BMI categories ranging from healthy/normal to
obese should be included as a means of control group. Any disease
stage could be included up to palliative patients or patients with
metastases at time of first treatment. Radical and salvage radiation
therapy (RT) patients are included.

Type of interventions
BMI was used as a surrogate for obesity. BMI is a universal
inter-study comparison tool. BMI does not account for body mass
composition or the distribution of adipose tissue, but is as a surrogate
of obesity used to compare studies. The WHO BMI classifications are
used (Table 2).

Outcome measures
Treatment outcome after radiation therapy can be analysed in
terms of biochemical recurrence, disease free survival, overall
survival and prostate cancer specific mortality. Biochemical
recurrence is a detectable PSA level in the blood following treatment.
ASTRO11 and Phoenix12 defined biochemical failure reported to allow
easier comparison with other series in the literature. The American
Society of Therapeutic Radiation Oncology (ASTRO) defines PSA
failure as three consecutively rising PSA nadir levels. The Phoenix
definition is 2.0ng/ml plus the nadir point. Patients with a stable
but higher PSA level than >0.5ng/ml should remain disease free.
PSA levels can fluctuate during the follow-up period. Toxicity of
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the genitourinary system, gastrointestinal system, vitality, hormonal
function and erectile function is analysed. Incidence and grade of
toxicity and difference in quality of life parameters can be measured
by standardised toxicity scoring systems. The Radiation Therapy
Oncology Group (RTOG) scoring system, Late Effects Normal Tissue
Task Force (LENT)-Subjective, Objective, Management, Analytic
(SOMA) scale, Common Terminology Criteria for Adverse Events
(CTCAE) EORTC scales, the Short Form Health Survey (SF-12)25
and the Expanded Prostate Cancer Index Composite (EPIC) scoring
system26 were used to assess the level of RT induced toxicity and
health related patient quality of life. Vaizey faecal incontinence scores
were used.27
Table 1 Sensitive dependency of human mental function on prefrontal cortex
influence
Treatment Outcome
Obesity (AND) prostate cancer (AND) treatment outcome (AND)
radiation therapy.
BMI (AND) prostate cancer (AND) treatment outcome (AND)
radiation therapy.
Obesity (AND) prostate cancer (AND) biochemical recurrence
(AND) radiation therapy.
BMI (AND) prostate cancer (AND) biochemical recurrence (AND)
radiation therapy.
Obesity (AND) prostate cancer (AND) overall survival (AND)
radiation therapy.
BMI (AND) prostate cancer (AND) overall survival (AND) radiation
therapy.
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the collection of eligible studies, a data collection form was filled out
for each study. There are two data collection forms, one for treatment
outcome (Appendix A) and one for toxicity (Appendix B).

Statistical analysis
The studies used univariate and multivariate Cox proportional
hazards regression analyses to determine whether BMI significantly
predicted treatment outcomes or toxicity. Kaplan Meier survival
curves were used to show the relationship between BMI and survival
over time and incidence of toxicity over time. Log rank tests were
used to compare survival curves. Hazard ratios (HR) and confidence
intervals (CI) were presented in some studies. P-value <0.05 is
considered statistically significant. Randomised controlled trials were
appraised using the method described by Jaddad AR et al.28 (Appendix
C). Prospective and retrospective cohort studies were appraised
using the Critical Appraisal Skills Programme (CASP) Cohort Study
Checklist 31.05.13 (Appendix D).29

Results
The literature search found 232 articles through the databases and
references searched, of which 18 were included in this review (Figure
1). From the 18 studies, 25,397 patients were included collectively. All
included studies were published between 2005 and 2013. RT treatment
methods included low dose rate (LDR) brachytherapy, 3 dimensional
conformal radiation therapy (3D-CRT), intensity modulated radiation
therapy (IMRT) and tomotherapy.

Obesity (AND) prostate cancer (AND) disease free survival (AND)
radiation therapy.
BMI (AND) prostate cancer (AND) disease free survival (AND)
radiation therapy.
Obesity (AND) prostate cancer (AND) prostate cancer specific
mortality (AND) radiation therapy.
BMI (AND) prostate cancer (AND) prostate cancer specific mortality
(AND) radiation therapy.
Toxicity
Obesity (AND) prostate cancer (AND) side effects (AND) radiation
therapy.
BMI (AND) prostate cancer (AND) side effects (AND) radiation
therapy.
Obesity (AND) prostate cancer (AND) toxicity (AND) radiation
therapy.
BMI (AND) prostate cancer (AND) toxicity (AND) radiation therapy.
Table 2 WHO BMI classification
Category
Very severely underweight
Severely underweight
Underweight
Normal
Overweight
Obese I (Moderately obese)
Obese II (Severely obese)
Obese III (Very severely obese)

BMI range kg/m2
≤14.9
15.0 - 15.9
16.0 - 18.4
18.5 - 24.9
25 - 29.9
30 - 34.9
35 - 39.9
40+

Data collection and analysis
After the database searches, articles were excluded based on title,
abstract, content, quality, inclusion and exclusion criteria. Following

Figure 1 Flowchart of search method.

Treatment outcome
Seven studies found support the argument that obesity negatively
impacts treatment outcome for prostate cancer patients treated with
radiotherapy. Five studies are against this argument.

Toxicity
Three studies support the argument that obesity increases toxicity
for PCa patients treated with radiotherapy. Two studies are against this
argument. The table of included studies presents the individual study
results and details Table 3 included as supplementary. See (Table 4 &
5) for the table of arguments and supportive studies.
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Table 4 Table of arguments
For

Against

Argument 1: Obesity negatively impacts
treatment outcome for prostate cancer patients
treated with radiation therapy.

Obesity negatively impacts treatment outcome
for prostate cancer patients treated with radiation
therapy.

Obesity has no impact on treatment outcome
for prostate cancer patients treated with
radiation therapy.

Argument 2: Obesity increases radiation
induced toxicity for prostate cancer patients
treated with radiation therapy.

Obesity increases radiation induced toxicity for
prostate cancer patients treated with radiation
therapy.

Obesity does not increase radiation induced
toxicity for prostate cancer patients treated with
radiation therapy.

Argument 1: Obesity negatively impacts treatment outcome for prostate cancer patients
treated with radiation therapy
For
Stroup SP et al.,30
Eftstathiou JA et al.,31
Efstathiou JA et al.,31
Gong Z et al.,7
King CR et al.,32
Palma D et al.,46
Strom SS et al.,47

Against
Van Roermund JGH et al.,53
Zilli T et al.,57
Davies BJ et al.,58
Geinitz H et al.,49
Merrick GS et al.,50
Merrick GS et al.,51

Argument 2: Obesity increases radiation induced toxicity for prostate cancer patients
treated with radiation therapy
For
Dieperink KB et al.59
Sanda MG et al.60

Against
Patil N et al.34
Elliott SP et al.35

Thomas RJ et al.33
Table 5 BMI association with poorest treatment outcome and toxicity
Author and year

Patients

BMI Reported

Poorest Treatment Outcome at BMI

Highest Toxicity at BMI

BMI≥35kg/m2

-

BMI≥median (27.4kg/m2)

-

BMI ≥30-<35 kg/m2

-

BMI > 35kg/m2

-

BMI ≥ 30 kg/m2

BMI ≥ 30 kg/m2

BMI ≥ 25kg/m2

-.

BMI ≥ 30 kg/m2

-

BMI ≥ 30 kg/m2

-

n=17 <25 kg/m2
King et al.,32

N = 90

n=52 ≥25-<30 kg/m2
n= 17 ≥30-<35 kg/m2
n= 4 ≥35 kg/m2

Efstathiou et al.,31

N = 99

Median baseline BMI=27.4 kg/m2(24.8-30.7)
n=2091 <25 kg/m

2

Davies et al.,58

N=7274

n=3640 ≥25-<30 kg/m2
n= 1193 ≥30-<35 kg/m2
n= 350 ≥35 kg/m2
n=195 <25 kg/m2

Palma et al.,

N= 706

46

n=358 ≥25-<30 kg/m2
n= 153 ≥30+ kg/m

2

n=659 <25 kg/m2
Stroup et al.,30

N = 1,868

n=810 ≥25-<30 kg/m2
n= 288 ≥30-<35 kg/m2
n= 111 ≥35 kg/m2
n=241 <25 kg/m2

Efstathiou et al.,

31

N = 788

n= 402 ≥25-<30 kg/m2
n= 145≥30kg/m

2

n=234 <25 kg/m2
Strom et al.,47

N= 873

n=434 ≥25-<30 kg/m2
n= 157 ≥30-<35 kg/m2
n= 48 ≥35 kg/m2
n= 257<25 kg/m2

Gong et al.,7

N=752

n=367 ≥25-<30 kg/m2
n= 128 ≥30+
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Table Continued...
Author and year

Patients

BMI Reported

Poorest Treatment Outcome at BMI

Highest Toxicity at BMI

BMI ≥25-<30 kg/m2

-

BMI ≥30-<35 kg/m2

-

BMI < 25 kg/m2

-

BMI <25 kg/m2

-

BMI ≥30kg/m2

-

-

BMI ≥30kg/m2

-

BMI ≥35kg/m2

-

BMI ≥30kg/m2

-

BMI>27.8kg/m2

-

BMI≥25-<30 kg/m2

n=177 <25 kg/m

2

Geinitz et al.,49

N=564

n=302 ≥25-<30 kg/m2
n= 85 ≥30+
n= 167 <25 kg/m2

Merrick et al.,50

N=686

n=348 ≥25-<30 kg/m2
n= 135 ≥30-<35 kg/m2
n= 36 ≥35 kg/m2
n= 258 <25 kg/m2

Merrick et al.,41

N=1093

n=547 ≥25-<30 kg/m2
n= 214 ≥30-<35 kg/m2
n= 74 ≥35 kg/m2

Van Roermund et
al.,53

n= 617 <25 kg/m2
N=1530

n=754 ≥25-<30 kg/m2
n= 159 ≥30+
n= 27 <25 kg/m2

Zilli et al.,57

N=112

n=55 ≥25-<30 kg/m2
n= 30 ≥30+ kg/m

2

Dieperink et al.,59

N=317

Mean BMI 28.2 (27.7-28.7)
Brachytherapy Mean BMI 28.5±4.7 kg/m

2

Sanda et al.,60

N=1201

EBRT Mean BMI 28.6±5.4 kg/m2
n= 4 <18.5kg/m2

Thomas et al.,33

N=440

n= 157 18.5-24.9kg/m2
n= 167 25-29.9kg/m2
n= 111kg/m2 ≥30kg/m2

Patil et al.,

34

N=407

Mean BMI 27.8kg/m2±4.2
n= 1328 <25 kg/m

2

Elliott et al.,35

N=6597

n=2418 ≥25-<30 kg/m2
n= 1036 ≥30-<35 kg/m2

Discussion
There is contradicting evidence for and against each argument.
There are seven studies supporting the argument that obesity negatively
impacts treatment outcome for prostate cancer patients treated with
radiation therapy. Worse outcome may be due to inherent technical
difficulties and the underlying tumour biology and aggressive disease.
Obesity related biological mechanisms and detection bias were not
the main topic of causation in the current debate. However, these
are mentioned in all seven studies. Stroup et al.,30 shows that obese
patients treated with EBRT and ADT have significantly higher rates
of PSA recurrence over time than non obese patients. Eftstathiou et
al.,31 found that men with a BMI ≥median*** had double the risk of
PSA recurrence at 5 years than men with lower BMIs. Gong et al.,7
shows that there is no difference between modality used to predict the
outcome of increased metastases occurrence and prostate cancer death
for obese patients.
A study by King et al.,32 is only weakly suggestive that obesity
is associated with a greater risk of biochemical relapse for patients
treated with salvage RT after RP. The statistical weakness lessens the
strength of this argument. The association of obesity with relapse was
of only borderline significance after exclusion of the 4 severely obese
patients from the analysis. These 4 patients on average had several
disadvantageous factors which could include extra capsular extension

ECE, positive seminal vesicles, positive margins, lower RT dose, and
greater pre-RT PSA level.
Palma et al.,33 found BMI predicted reduced time to biochemical
relapse, reduced disease free survival and decreased OS. Similarly,
Strom et al.,34 found increased body mass index significantly predicted
BCR and is a predictor of disease progression. Efstathiou et al.,35
found that a greater baseline BMI is independently associated with
higher cancer-specific mortality in men with locally advanced PCa.
Overweight and obese patients were 1.8 times more likely to die of
prostate cancer than those with normal weight. There are six studies
supporting the argument that obesity does not impact on treatment
outcome for PCa patients treated with radiation therapy. Geinitz et
al.,36 found that BMI had no significant impact on BCR, prostate
cancer specific survival or overall survival. Suggests with increasing
use of IGRT and accurate dose delivery, there will be minimal impact
from BMI on treatment outcome. Two brachytherapy studies led
by Merrick et al.37,38 found that BMI had no statistically significant
influence on biochemical progression-free survival, cause specific
survival or biochemical progression free survival. This outcome is
repeated in a brachytherapy study one year later.39 Cardiovascular
or pulmonary disease and second malignancies outweighed prostate
cancer as competing causes of death in the obese patient groups. To
add controversy to this argument there was still a non-statistically
significant decrease in overall survival of 3.5% for obese and 1% for
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severely obese cohorts and there was a trend for better biochemical
outcome in the severely obese cohort. The decrease in overall survival
may be attributable to the co-morbidities of obesity and not the
interaction of obesity and prostate cancer.
Van Roermund et al.,40 concluded that BMI had no significant
association of risk for BCR, CSS and OS with obesity and had no
prognostic impact when using permanent prostate seed brachytherapy
as the primary treatment method. It is imperative to point out that
it is low risk patients treated with brachytherapy and it is patients
from any risk category treated with EBRT. From the studies included,
the brachytherapy studies showing favourable outcome have the
advantage of patients with low risk patients and therefore better
prognosis when compared to the higher risk patients used in the EBRT
studies. Obese PCa patients are more likely to have brachytherapy and
less likely to have surgical intervention as primary treatment.41 This
may be due to the increased risk of positive surgical margins in the
obese patient, particularly on the apical margins42 and the technical
feasibility and demonstrated favourable treatment outcome for obese
patients treated with brachytherapy.43
Zilli et al.,44 suggests that the observed increase in biochemical
failure in obese patients in previous EBRT studies may be more
closely related to inaccurate dose delivery than to a more aggressive
disease. This suggests that abdominal fat distribution and other
anthropometric measures of obesity are neither associated with
adverse pathologic features in patients with intermediate-risk prostate
cancer nor with a higher risk of biochemical failure when modern
IGRT techniques are used. If outcomes following IGRT are poorer,
then obesity itself would be the adverse factor. The study also noted
the correlation between increasing BMI and increasing prostate size.
While the study supports the argument that obesity does not affect
treatment outcome, it highlights the point that a larger prostate can
make brachytherapy and EBRT technically more difficult to plan
and deliver, supporting the argument that obesity negatively impacts
treatment outcome. Davies et al.,45 studied the impact of obesity on
all treatment modalities and found that while higher BMI negatively
impacted overall survival, no difference in prostate cancer specific
mortality were observed between BMI groups. There are three studies
supporting the argument that obesity increases radiation induced
toxicity for PCa patients treated with radiation therapy. The data from
Dieperink et al.,46 shows that obesity is significantly associated with
a lower quality of life (QoL) regarding incontinence and PCS after
radiotherapy, severe obesity was a negative predictor for moderateto-severe problems in the EPIC urinary incontinence, and in the
hormonal domain. Severe obesity reduced the mean PCS score and
increased risk of moderate-to-severe problems with SF-12 vitality,
consistent with the findings of Sanda et al.47
Sanda et al.,47 found that obesity worsened vitality and hormonal
function after brachytherapy or EBRT. However, Sanda defined obese
as having a BMI ≥35kg/m2 unlike the majority of other included studies
where ≥30kg/m2 is considered obese. A recent study by Thomas et
al.48 found there was a significant association between men with a
higher BMI and greater rectal (Vaizey faecal incontinence scores)
symptoms scores, rectal bleeding and nocturia. However, the study
didn’t record baseline scores before treatment. Without this method
of control, bias is introduced. All three of these studies must note
that post-treatment toxicity is dependent on pre-treatment, baseline
functional scoring which is generally worse in overweight and obese
patients. There are two studies against the argument that obesity has
no impact on toxicity for PCa patients treated with radiation therapy.
A dosimetric brachytherapy study by Patil et al.,49 showed that men
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with a lower BMI (non-obese) received a higher rectal wall dose
compared to those with higher BMI in the obese and severely obese
categories. This did not, however, translate into greater rectal toxicity
but interestingly shows a protective influence of higher BMI and
more fatty tissue in the prostate rectum interface with rectal dose.
This further presents brachytherapy as the most suited radiotherapy
treatment for obese patients. Elliott et al.,50 analysed urethral stricture
risk among treatment modalities and weight categories and concluded
that BMI was only significantly indicative of stricture after RP not
EBRT or BT.
The results are difficult to interpret for treatment outcome and
toxicity because a large proportion of patients received supplemental
therapies that could have masked differences in outcome. The
contradicting studies might be explained by the fact that BMI is not a
reliable estimate of the impact of obesity on PCa patients.51 Abdominal
fat and visceral adiposity may more effectively predict aggressive
disease biology than BMI.52-54 Obese men have shown to have higher
grade and larger tumours generally which can cause treatment failure55
and this may be the cause of inferior outcome for obese patients as
they may require more aggressive treatment. However, their treatment
plan is equivalent to their healthy BMI counterparts. Historical studies
have demonstrated that treatment outcome is negatively affected by
BMI. More recent EBRT studies and brachytherapy based studies
observed no significant treatment outcome change. This may be due
to set-up error and prostate displacement in combination with less
accurate and less precise treatment techniques used up to 10 years ago.
Wong et al.,56-58 demonstrates the increased prostate movement with
rising BMI. The correlation between obesity and the deviation of the
target from the planned position indicates that without image-guided
radiation therapy, the target volume may not receive the intended
tumourocidal dose for patients who are moderate to severely obese
due to geographical miss or change in the planned dose distribution.
This may explain the higher recurrence rate and incidence of side
effects with conventional EBRT. Patients with large BMI values (i.e.,
BMI >35) tended to have greater prostate shift in the LR direction
(σLR = 8.9mm for the severely obese group) compared with those
in the other three groups (range, 3.0–3.8mm). Similar to the finding
of Millender et al.,59 this indicates that the LR shift of the prostate is
significantly influenced by the patient’s body parameters, whereas the
shifts in the other two directions Anterior-Posterior(AP) and SuperiorInferior (SI) are not extensively altered.
Thompson et al.,60,61 found patients with a higher BMI have
less intrafraction displacement of the prostate in the SI direction
compared with patients with a lower BMI. This has implications for
individualised treatment margins for future prostate cancer patients
undergoing image-guided radiotherapy. Research has shown that once
the patients set-up error had been corrected, prostate displacement is
equally unstable in obese patients than in non-obese patients in the
AP and left-right (LR) directions.59-62 The deposition of periprostatic
fat and visceral adiposity may explain the selective movement of
the prostate in the LR and AP direction and stabilisation in the SI
direction. The use of IGRT, fiducial markers and conformal treatment
techniques with individualised margins may reduce the difference
in outcome for obese and non-obese patients. Unstable skin marks
are not sufficient for set-up accuracy alone. Brachytherapy does
not use external skin markers and eliminates the potential error of
prostate shift from the planned position. The favourable outcome
for brachytherapy in obese patients may be explained by the closed
transperineal approach, steep dose gradient outside the target volume
and real time prostate imaging.
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It is observed that obese patients have larger prostate volumes63,64
which can be problematic when planning brachytherapy. It may
necessitate lowering the prostate volume using hormonal therapy
as planning a larger prostate volume for brachytherapy is more
technically challenging and can result in an inferior dose distribution
when compared to smaller prostate sizes. The prostate gland size
should preferably be small as a large prostate frequently overlaps with
the pubic arch, which interferes with needle placement.65 Additionally,
large prostates require more seeds to achieve the prescribed dose,
which results in an increased risk of urinary morbidity. Patients
with large prostates should be prescribed a combination of androgen
blockade with luteinizing hormone releasing hormone analogue and
anti-androgen to reduce the prostate size before implantation. The
separation of the patient is larger than the average patient so higher
beam energies are needed. The availability of higher beam energies
is more common in the United States but is not routine in Ireland
or Europe. Creating the desired dose distribution for these patients
can be difficult in comparison with a patient of a healthy BMI and
smaller patient separation when using 3D-CRT. Conversely, IMRT is
not affected as lower energies are used.
This study recommends the use of IGRT in the treatment of
prostate cancer patients of all BMI categories. One limitation when
using IGRT for obese patients is poor image quality for larger patient
separations. Tumour assessment, image verification and planning
images can all suffer.66 In addition, the table weight and CT aperture
size must be adequate to accommodate the obese patient to begin
with. Increasing BMI produces higher X-ray attenuation and scatter
with lower image contrast.66,67 This can increase exposure time and
increase risk of motion artefacts.
Ultrasound (US) imaging can also suffer in quality. The thickness
of subcutaneous fat and the sound-attenuating properties of fat
present challenges. Sound attenuation increases with fat thickness and
transducer frequency, meaning the higher the frequency, the greater
the attenuation.68 This therefore gives poorer image quality in obese
patients with high levels of subcutaneous fat. Zilli et al.,44 employed
US based IGRT for obese patients and found that they still had
favourable outcomes. For MRI magnetic resonance imaging, image
quality is least affected by obesity however the MRI bore size can be a
limiting factor as this can be smaller than the CT aperture size.66 There
has been a recent push towards opening aperture sizes in MRI and
CT machines as the levels of obesity rise. The results and arguments
from this study are supported by a past systematic review and metaanalysis which studied the relationship between BMI, PCSM and
BCR.11 Among patients treated with radiation therapy, no association
between BMI and biochemical recurrence was detected in patients
receiving brachytherapy. However BMI was associated with BCR in
patients treated with EBRT.

Limitations and future work
The limitations of this study include the lack of prospective or
randomised control trials and small patient numbers in higher BMI
categories. Retrospective studies were used which can introduce bias.
There is a need for a future study that is prospective, using modern,
conformal techniques, representative of techniques used to date with
IGRT and a large patient pool with a sufficiently long follow-up
period. Improved standardised toxicity scoring systems are required
to facilitate comparisons between studies.
Studies using radiation therapy exclusively for treatment would
be beneficial, as inclusion of adjuvant therapies can bias the results.
PSA failure is often used as a surrogate end point in studies that do not
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have enough follow-up or events to report the outcomes of metastases
and death. Whether PSA failure is a good surrogate is open to debate.
This is particularly relevant for obese men given that they are subject
to PSA hemodilution and hormonal abnormalities, both of which
bias PSA score [69,70]. PSA failure may not be a valid surrogate in
obese men. Furthermore, studies using self-reported BMI and toxicity
scores introduced bias to the results.
The timing of BMI measurement may be significant in its
fluctuation over time, particularly for patients receiving ADT where
weight gain can be a side effect. Other limitations include lack of
control for lifelong vs adult onset obesity which may confound the
results. Weight loss strategy and treatment technique consensus are
further areas for study.

Conclusion
Studies using conformal EBRT techniques with IGRT and dose
escalation and brachytherapy studies do not show obesity as a
negative influence on treatment outcome or toxicity. Studies without
IGRT and less conformal EBRT treatment techniques with lower total
doses show inferior treatment outcome and increased side effects
for obese patients. Prostate displacement and set-up error leading to
incorrect dose delivery could account for inferior treatment outcome
and increased toxicity. It is clear that in certain situations, obesity
can affect these outcomes after radiation. However, further study is
warranted to establish if this can be prevented by using IGRT, internal
immobilisation techniques or brachytherapy. It is clear that obesity
has an impact on treatment outcome and toxicity for PCa patients
treated with RT. We now need continued follow-up data to determine
the best individualised RT treatment for obese patients.
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