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Background: Fat distribution varies between individuals of similar body mass index
(BMI). We hypothesized that visceral obesity is more strongly associated with poor
prostate cancer outcomes than overall obesity defined by BMI.
Materials and Methods: We quantified abdominal visceral and subcutaneous fat area
(VFA and SFA), and pelvic periprostatic adipose tissue area (PPAT), using computed
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amined associations between each adiposity measure and risk of recurrence, overall and
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Carolina Veterans Administration Hospital. Multivariable‐adjusted Cox regression exstratified by race and receipt of androgen deprivation therapy (ADT).
Results: Of 401 patients (59% black) treated from 2005 to 2011, 84 (21%) experienced recurrence during 9.3 years median follow‐up. Overall, obesity defined by
BMI was not associated with recurrence risk overall or stratified by race or ADT, nor
was any measure of fat distribution related to the risk of recurrence overall or by
race. However, higher VFA was associated with increased risk of recurrence in men
who received radiation only (hazard ratio [HR], 1.79; 95% confidence interval [CI],
0.87‐3.66), but inversely associated with recurrence risk in men treated with ra-
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diation and ADT (HR, 0.49; 95% CI, 0.24‐1.03; P‐interaction = .002), though neither
association reached statistical significance. Similar patterns of ADT‐stratified associations were observed for PPAT and SFA.
Conclusions: Associations between abdominal and pelvic adiposity measures and
recurrence risk differed significantly by ADT receipt, with positive directions of
association observed only in men not receiving ADT. If confirmed, our findings
suggest that obesity may have varying effects on prostate cancer progression risk
dependent on the hormonal state of the individual.
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1 | INTRODUCTION

2.2 | Adipose tissue measurement

Prostate cancer is the most frequently diagnosed non‐skin cancer among

Visceral fat area (VFA), subcutaneous fat area (SFA), and PPAT

men in the United States.1 Obesity is a risk factor linked with increased

area were measured using radiotherapy planning computed to-

prostate cancer aggressiveness and a poorer prognosis. Specifically,

mography (CT) scans, as previously described.9 Briefly, VFA and

obesity has been associated with an increased risk of biochemical re-

SFA were calculated using a single CT slice at the level of the L4/

currence following radical prostatectomy and external beam radio-

L5 vertebrae, a validated method used by other groups.11‐13 PPAT

therapy, higher frequency of metabolic complications and treatment

area was calculated using a single CT slice at the first anterior

failure after androgen deprivation therapy (ADT), and increased like-

point of the pubic symphysis, as we and others have done pre-

lihood of prostate cancer‐specific mortality.2 Though studies in radiation‐

viously.9,14,15 To define PPAT area, the Eclipse drawing tool

treated patients are relatively few, a secondary analysis of data from a

(Eclipse software, Varian Medical Systems) was used to contour a

randomized trial testing adjuvant vs salvage ADT in men treated with

region ranging from the posterior pubic bone, along the lateral

external beam radiation therapy found that larger body mass index (BMI)

border of obturatorius internus muscle and anterior gluteus

was associated with higher prostate cancer‐specific mortality.3 Under-

maximus muscle to the anterior coccyx bone. Pelvis size was de-

standing the association between obesity and aggressive prostate cancer

fined as the total area of this contoured region, while PPAT was

has important public health implications as lifestyle interventions can

the total area of adipose tissue in this region. For all abdominal and

influence this potentially modifiable risk factor.

pelvic fat measures, adipose tissue was differentiated from other

Most studies to date have focused on the relationship between

tissues by thresholding on Hounsfield units (HU) −190 to −30

BMI, a measure of overall adiposity, and prostate cancer outcomes.

using Eclipse software (Varian Medical Systems). PPAT density

Few have considered adipose tissue distribution measures, including

ratio was calculated as PPAT area divided by pelvis size. Since

visceral adipose tissue, a fat depot known to be more metabolically

waist circumference (WC) was not measured in clinic visits, it was

active than subcutaneous areas.4 Also, most studies have examined

determined retrospectively from the same CT slices used to cal-

associations between obesity and prostate cancer outcomes in white

culate VFA and SFA. Given that the purpose of the CT scans was

men. Black men have a lower quantity of visceral adipose tissue

for radiotherapy planning, all 401 patients had CTs at the level of

compared with other races,5 but a higher prevalence of obesity‐

the prostate from which to obtain PPAT measures, but fewer had

related metabolic disease.6‐8 Therefore, it is important to have a di-

CTs available at L4/L5 from which to obtain abdominal adipose

verse study cohort to understand and account for potential racial

tissue measures (n = 321). As such, the analysis cohort for

differences in associations with prostate cancer outcomes.

abdominal adipose tissue measures consisted of these 321

We previously examined the relationship between adipose tissue

men only.

distribution and tumor aggressiveness at diagnosis in a retrospective,
racially diverse cohort of prostate cancer patients treated with primary radiation at the Durham North Carolina Veterans Administra-

2.3 | Obesity definitions

9

tion Hospital. To extend our previous analysis, the objective of this
current study was to examine the association between obesity, adi-

Height and weight were measured at the closest medical visit before

pose tissue distribution, and risk of prostate cancer recurrence,

radiation therapy and were abstracted from patient medical records.

overall and stratified by race and by receipt of ADT. We hypothe-

These values were used to calculate BMI, which was categorized as

sized that excess visceral adiposity would be more strongly asso-

greater than or equal to 30 vs less than 30 kg/m2. According to the

ciated with poor prostate cancer outcomes than overall obesity, as

World Health Organization definitions, a BMI ≥ 30 is considered

defined by high BMI. We also examined periprostatic adipose tissue

obese.16 There are no clearly defined categories for VFA, SFA, WC,

(PPAT), a type of visceral fat enveloping the prostate.10

or PPAT. Therefore, adipose tissue measures were categorized as
greater than or equal to median vs less than median for this cohort.
We also considered continuous measures of each fat type, measured

2 | MAT E R I AL S A N D M E TH O DS

per unit standard deviation.

2.1 | Study design
We identified a cohort of 407 men as a consecutive series of patients

2.4 | Prostate cancer treatment and outcome
definitions

with biopsy‐confirmed prostate cancer that were treated with primary external beam radiotherapy (XRT) or brachytherapy from 2005

According to the Phoenix definition, 17 PSA recurrence was de-

to 2011 at the Durham Veterans Affairs (VA) Medical Center. We

fined as at least 2 ng/mL above the post‐radiation PSA nadir.

excluded 1 patient missing BMI data, 4 patients missing pre‐biopsy

Recurrence was recorded on the date of the first PSA > 2 ng/mL

prostate‐specific antigen (PSA), and 1 patient missing follow‐up data,

above the nadir. Recurrence due to radiographic progression was

resulting in a study cohort of 401 men.

defined as evidence of prostate cancer metastases on a scan in
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T A B L E 1 Demographic and clinical characteristics overall and by ADT use
Overall (N = 401)

No ADT (N = 211)

ADT (N = 190)

63.9 (6.7)

63.1 (6.4)

64.9 (6.9)

163 (41%)

81 (38%)

82 (43%)

238 (59%)

130 (62%)

108 (57%)

BMI, kg/m , median (Q1‐Q3)

29.0 (25.7‐33.4)

30.0 (26.4, 34.5)

27.7 (25.1, 31.9)

Year of radiation, median (Q1‐Q3)

2008 (2007‐2009)

2008 (2007, 2009)

2008 (2007, 2009)

Follow‐up, y, median (Q1‐Q3)

9.3 (7.3‐10.6)

9.5 (7.0‐10.9)

9.1 (7.4‐10.3)

Brachytherapy, n (%)

96 (24%)

69 (33%)

27 (14%)

None

211 (53%)

211 (100%)

0

Short‐duration

118 (29%)

0

118 (62%)

Long‐duration

72 (18%)

0

72 (38%)

Prostate TRUS volume, cm , median (Q1‐Q3)

32 (24‐45)

30.0 (24.0, 38.0)

35.0 (25.0, 49.0)

Positive biopsy cores, %, median (Q1‐Q3)

33.3 (16.7‐51.9)

25.0 (16.7, 44.4)

41.7 (18.2, 66.7)

PSA, ng/mL, median (Q1‐Q3)

6.5 (4.9‐11.0)

5.9 (4.7, 8.3)

8.8 (5.4, 16.5)

Age, mean ± SD
Race
Non‐black
Black
2

ADT, n (%)

3

Biopsy grade group, n (%)
1

169 (42%)

120 (57%)

49 (26%)

2‐3

171 (43%)

86 (41%)

85 (45%)

4‐5

61 (15%)

5 (2%)

56 (29%)

T1

280 (70%)

168 (80%)

112 (59%)

T2/T3

121 (30%)

43 (20%)

78 (41%)

Clinical stage, n (%)

Abbreviations: ADT, androgen deprivation therapy; BMI, body mass index; PSA, prostate‐specific antigen; TRUS, transrectal ultrasonography.

the absence of PSA recurrence. Recurrence was recorded on the

2.5 | Statistical analysis

date of the scan. Recurrence due to treatment was defined as
receiving either a radical prostatectomy after initial radiation,

Patient demographic and clinical characteristics were summarized

additional radiation more than 16 weeks after the start of initial

among patients overall and stratified by ADT use. Cox proportional

radiation, or chemotherapy more than 6 months after the start of

hazards models were used to test the association between each

initial radiation. Recurrence was recorded on the date of initia-

measure of adiposity (overall: BMI; visceral: WC and VFA; sub-

tion of salvage therapy. When determining the date of recur-

cutaneous: SFA; and pelvic: PPAT area and PPAT density) and risk of

rence, definitions based on PSA recurrence or recurrence due to

recurrence, prostate cancer‐specific mortality, and all‐cause mortal-

radiographic progression were prioritized over definitions based

ity. We treated recurrence as our primary outcome, with prostate

on recurrence due to treatment.

cancer‐specific mortality and all‐cause mortality treated as second-

Among patients who received ADT as part of their initial radia-

ary outcomes. Each adiposity measure was examined in separate

tion treatment, we categorized ADT use as either short‐duration or

models due to collinearity and was categorized as described above.

long‐duration. ADT was generally initiated 6 to 8 weeks before the

Age‐adjusted models were run as well as models adjusted for age

start of radiation in both short‐duration and long‐duration users.

(continuous), race (black and non‐black), year of radiation (con-

ADT use was considered short‐duration if it lasted less than or equal

tinuous), biopsy grade group (1, 2‐3, 4‐5), PSA (continuous, log‐

to 6 months. Long‐duration ADT consisted of ADT use that was

transformed), clinical stage (T1, T2/T3), and ADT (none, short‐

longer than 6 months (commonly 18‐36 months total). We did not

duration, and long‐duration). Due to a low number of events, only an

collect information regarding the type of ADT.

age‐adjusted analysis was run for the prostate cancer‐specific mor-

All‐cause mortality was abstracted from the electronic health

tality outcome.

records. Prostate cancer‐specific mortality was defined as dying with

In a secondary analysis, models for recurrence were re‐run

progressive, metastatic castration‐resistant prostate cancer and no

stratified by race and the interaction between race and each adip-

other obvious cause of death.

osity measure was tested using a Wald test. Similarly, we stratified

4
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analyses for the recurrence outcome by receipt of ADT and the in-

association between higher adiposity and risk of recurrence, although

teractions between ADT use and each adiposity measure were

again these did not reach statistical significance, with the exception
of PPAT area (Table 4). There was no association between BMI and

tested.
SAS 9.4 (SAS Institute Inc., Cary, NC) was used for statistical

risk of recurrence in men who did (HR, 0.97; 95% CI, 0.48‐1.94) or

analyses. P < .05 was considered statistically significant.

did not receive ADT (HR, 0.90; 95% CI, 0.50‐1.62).

3 | RESULTS

4 | D IS C U S S I O N

The mean (SD) age of our study cohort at diagnosis was 63.9

Visceral obesity may be a better measure of a metabolically un-

(6.7) years and 238 (59%) men were black (Table 1). Median BMI was

healthy obesity phenotype than BMI,18 but relatively few prostate

2

29.0 kg/m (interquartile range; IQR 25.7‐33.4) and median follow‐up

cancer studies to date have incorporated measures of visceral obe-

was 9.3 years (IQR 7.3‐10.6). Roughly half of the cohort (n = 190;

sity. Leveraging planning CT scans to accurately quantify adipose

47%) received ADT in addition to radiation, the majority of whom

tissue distribution in this study of radiotherapy‐treated prostate

received short‐duration ADT (ie, less than 6 months duration;

cancer patients, we found no significant associations between any

n = 118; 62%). The distribution of grade groups 1, 2 to 3, and 4 to 5

measure of overall, visceral or subcutaneous, or pelvic adiposity, and

were 169 (42%), 171 (43%), and 61 (15%), respectively. There were

risk of recurrence. However, in an a priori stratified analysis, though

280 (70%) patients with clinical stage T1 and 121 (30%) with stage

not statistically significant, we found positive associations between

T2 or T3 prostate cancer. Table 1 also shows patient characteristics

higher adiposity measures and risk of recurrence in men not using

stratified by ADT use. Men who received ADT alongside radiation

ADT. Conversely, though again not statistically significant, directions

were slightly older at diagnosis (64.9 vs 63.1 years) but had similar

of association between higher adiposity measures and recurrence

follow‐up time. They were less likely to have brachytherapy than men

risk were inverse in men treated with radiation and ADT. If con-

who did not receive ADT (14% vs 33%). Men who received ADT

firmed, these findings suggest that ADT may play a role in modifying

tended to have more aggressive tumors than men who did not, as

the effects of obesity on prostate cancer outcomes.

evidenced by a higher percentage of positive biopsy cores, higher
PSA, and higher tumor grade and stage.

Obesity, as measured by BMI, has been associated with increased prostate cancer mortality.2,3 However, the role of adipose

During follow‐up, 84 patients experienced a recurrence and 138

tissue distribution in prostate cancer outcomes is less clear. One

died, of whom 21 died from prostate cancer. There was no re-

study of 112 eligible men treated with radiotherapy found that there

lationship between any adiposity measure and risk of recurrence,

was no association between obesity measures (visceral and sub-

prostate cancer‐specific mortality, or all‐cause mortality, on either

cutaneous adipose tissues, WC, or BMI) and biochemical failure.19

age‐adjusted analysis or after adjusting for demographic and clinical

Consistent with this study, we found no significant association be-

characteristics (Table 2). When stratified by race, similar, non-

tween overall, visceral, subcutaneous or pelvic adiposity measures

significant results for the association between adiposity measures

and risk of recurrence, prostate cancer‐specific mortality, or all‐cause

and risk of recurrence were seen in black men compared with non‐

mortality. However, other studies did find associations between

black men (Table 3). When adiposity measures were modeled as

adiposity measures and prostate cancer outcomes. One retrospective

continuous variables per standard deviation unit, again we found no

study used CT imaging to assess adipose tissue characteristics and

associations between adiposity measures and any outcomes (data not

predict biochemical recurrence in 171 men treated with radio-

shown).

therapy. This study concluded that higher subcutaneous adipose

Despite these null findings overall, we found statistically sig-

tissue density, measured in Hounsfield units, was associated with a

nificant interactions between ADT use and WC (P = .025), VFA

higher rate of biochemical failure for men with high‐risk prostate

(P = .002), SFA (P = .010), PPAT area (P = .002), PPAT density

cancer.20 In addition, the only prospective study to date that directly

(P = .002), but not BMI (P = .12), in predicting risk of recurrence. Thus,

measured fat distribution and examined its relationship with risk of

given this evidence for ADT acting as an effect modifier of the as-

advanced and fatal prostate cancer was a longitudinal study among

sociation between adiposity measures and recurrence risk, models

Icelandic men. This study prospectively evaluated adipose tissue

were stratified by ADT use. Among men who did not receive ADT,

distribution using CT scans and found that BMI and WC were as-

multivariable‐adjusted hazard ratios (HRs) for the association be-

sociated with increased risk of both advanced and fatal disease.

tween WC, VFA, SFA, PPAT area, and PPAT density and recurrence

Visceral adiposity was associated with a higher risk of advanced

ranged from 1.17 to 1.79, indicating a positive association between

prostate cancer, while higher amounts of thigh subcutaneous fat was

higher adiposity measures and increased risk of recurrence, although

associated with increased risk of fatal prostate cancer.11 Our results,

none reached statistical significance (Table 4). In contrast, among

along with these mixed findings from other studies, suggest that

men who did receive ADT, the multivariable‐adjusted HRs for asso-

more research incorporating accurate measures of adipose tissue

ciations between WC, VFA, SFA, PPAT area, and PPAT density and

distribution is needed to better understand the link between obesity

recurrence ranged from 0.46 to 0.83, indicating an inverse

and prostate cancer outcomes.

37/172

≥30

37/161

≥Medianc

40/161

≥Medianc

39/201

≥Medianc

40/201

≥Medianc

1.00 (0.65‐1.54)

Ref

0.96 (0.63‐1.48)

Ref

1.14 (0.72‐1.80)

Ref

1.09 (0.69‐1.72)

Ref

1.06 (0.67‐1.67)

Ref

1.05 (0.68‐1.62)

Ref

HR (95% CI)

a

0.97 (0.62‐1.52)

Ref

0.91 (0.58‐1.45)

Ref

1.12 (0.70‐1.79)

Ref

1.00 (0.62‐1.61)

Ref

1.01 (0.63‐1.61)

Ref

0.99 (0.64‐1.55)

Ref

HR (95% CI)

b

7/201

14/200

8/201

13/200

10/160

10/160

11/161

9/160

8/161

12/160

9/172

12/229

0.53 (0.21‐1.30)

Ref

0.67 (0.28‐1.62)

Ref

0.95 (0.40‐2.30)

Ref

1.26 (0.52‐3.04)

Ref

0.66 (0.27‐1.62)

Ref

1.07 (0.45‐2.57)

Ref

⋯

Ref

⋯

Ref

⋯

Ref

⋯

Ref

⋯

Ref

⋯

Ref

HR (95% CI)

87/229

67/201

71/200

69/201

69/200

50/151

66/160

56/161

60/160

52/161

64/160

51/172

1.01 (0.72‐1.41)

Ref

1.11 (0.80‐1.56)

Ref

0.73 (0.51‐1.06)

Ref

0.95 (0.66‐1.37)

Ref

0.81 (0.56‐1.16)

Ref

0.83 (0.59‐1.18)

Ref

HRa (95% CI)

Ne (N)

HR (95% CI)

Ne (N)
b

All‐cause mortality

a

Prostate cancer‐specific mortality

1.00 (0.71‐1.43)

Ref

1.09 (0.76‐1.57)

Ref

0.71 (0.49‐1.04)

Ref

0.94 (0.64‐1.37)

Ref

0.78 (0.54‐1.14)

Ref

0.80 (0.56‐1.15)

Ref

HRb (95% CI)

Note: Ne, number of events; N, total number of cases.
Abbreviations: ADT, androgen deprivation therapy; BMI, body mass index; PPAT, periprostatic adipose tissue; PSA, prostate‐specific antigen; SFA, subcutaneous fat area; VFA, visceral fat area;
WC, waist circumference.
a
Age‐adjusted models adjusted for age only.
b
Multivariable models adjusted for age, race, year, biopsy grade group, PSA, clinical stage, and ADT (none, short‐duration, long‐duration).
c
The median value is 104.56 cm for WC, 217.64 cm2 for VFA, 287.32 cm2 for SFA, 36.44 cm2 for PPAT area, and 0.36 for PPAT density.

44/200

<Medianc

PPAT density

45/200

<Medianc

PPAT area, cm2

33/160

<Medianc

SFA, cm2

36/160

<Medianc

VFA, cm

37/161

≥Medianc

2

36/160

<Medianc

WC, cm

47/229

<30

BMI, kg/m2

Ne (N)

Recurrence

T A B L E 2 Hazard ratios and 95% confidence intervals for associations between measures of adiposity and risk of recurrence, prostate cancer‐specific mortality, and all‐cause mortality
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T A B L E 3 Hazard ratios and 95% confidence intervals for associations between measures of adiposity and risk of recurrence, stratified
by race
Black men
Ne (N)

Non‐black men
a

b

HR (95% CI)

HR (95% CI)

Ne (N)

HRa (95% CI)

P‐interactionc

HRb (95% CI)

BMI, kg/m2
<30

25/132

Ref

Ref

22/97

Ref

Ref

≥30

24/106

1.20 (0.68‐2.11)

0.98 (0.55‐1.77)

13/66

0.86 (0.43‐1.72)

0.74 (0.36‐1.49)

<Mediand

20/102

Ref

Ref

16/58

Ref

Ref

≥Mediand

24/98

1.35 (0.74‐2.44)

1.14 (0.62‐2.11)

13/63

0.71 (0.34‐1.47)

0.57 (0.27‐1.22)

<Mediand

25/116

Ref

Ref

11/44

Ref

Ref

≥Mediand

19/84

1.15 (0.63‐2.10)

1.02 (0.55‐1.89)

18/77

0.92 (0.43‐1.95)

0.87 (0.39‐1.93)

.42

WC, cm
.15

VFA, cm2
.83

SFA, cm2
<Mediand

19/99

Ref

Ref

14/61

Ref

Ref

≥Mediand

25/101

1.26 (0.69‐2.29)

1.15 (0.62‐2.13)

15/60

0.96 (0.46‐2.00)

0.77 (0.36‐1.64)

<Mediand

29/136

Ref

Ref

16/64

Ref

Ref

≥Median

20/102

0.99 (0.56‐1.75)

0.91 (0.50‐1.66)

19/99

0.92 (0.47‐1.79)

0.86 (0.42‐1.79)

<Mediand

27/137

Ref

Ref

17/63

Ref

Ref

≥Mediand

22/101

1.18 (0.67‐2.08)

1.14 (0.64‐2.05)

18/100

0.77 (0.40‐1.51)

0.74 (0.35‐1.55)

.36

PPAT area, cm2
d

.93

PPAT density
.52

Note: Ne, number of events; N, total number of cases.
Abbreviations: ADT, androgen deprivation therapy; BMI, body mass index; PPAT, periprostatic adipose tissue; PSA, prostate‐specific antigen;
SFA, subcutaneous fat area; VFA, visceral fat area; WC, waist circumference.
a
Age‐adjusted models adjusted for age only.
b
Multivariable models adjusted for age, year, biopsy grade group, PSA, clinical stage, and ADT (none, short‐duration, long‐duration).
c
P value for the interaction between race and each adiposity measure in predicting risk of recurrence.
d
The median value is 104.56 cm for WC, 217.64 cm2 for VFA, 287.32 cm2 for SFA, 36.44 cm2 for PPAT area, and 0.36 for PPAT density.

The mechanisms contributing to the association between obesity

cancer.30 When observing secretions from PPAT explants, PPAT‐

and prostate cancer aggressiveness and progression are not com-

conditioned media from more obese patients caused significantly

pletely understood. Obesity is a heterogeneous phenotype and in-

more proliferation of prostate cancer and endothelial cells in vitro

dividuals with similar BMI can vary greatly in their metabolic profile,

than PPAT‐conditioned media obtained from leaner men.31 Other

highlighting the importance of understanding adipose tissue dis-

research using gene expression of PPAT found that PPAT of obese

tribution. For example, visceral adipose tissue has higher expression

men had higher metalloproteinase activity, which contributes

of glucocorticoid and androgen receptors, is more metabolically ac-

to

tive, and has higher levels of lipolysis than subcutaneous areas.4

oncogenesis.32 Although some epidemiological data support a re-

Inflammatory cells, producing chemokines such as monocyte

lationship between PPAT and prostate cancer aggressiveness,14,33

chemoattractant protein‐1 (MCP‐1), are more prevalent in visceral

only one study before the current study, to our knowledge, examined

fat compared with subcutaneous fat.21 Furthermore, visceral adipose

the association of PPAT with prostate cancer outcomes. This study,

tissue is negatively correlated with bioavailable testosterone22 which

among men receiving primary ADT, found that PPAT volume was

responses

and

ultimately

promotes

26,27

significantly higher in patients who developed castration‐resistant

studies. As such, measuring adipose tissue distribution and, in parti-

prostate cancer.34 In contrast, although we did not study castration‐

cular, visceral adiposity may be key to improving our understanding

resistant prostate cancer, we found no association between PPAT

of the relationship between obesity and prostate cancer outcomes.

and prostate cancer recurrence or mortality. Given the extremely

has been linked with prostate cancer risk in some

23‐25

immunoinflammatory

but not all

One of our hypotheses focused on PPAT due to previous in vitro
research that showed that coculture with PPAT produced an ag-

few studies in this area, more are needed to determine if knowledge
of PPAT area could inform prostate cancer prognosis.

gressive phenotype in prostate cancer cells.28,29 One study used

Our findings from prespecified secondary analysis suggest that

magnetic resonance spectroscopy and found that the fatty acid

abdominal and pelvic obesity may have varying effects on prostate

composition was altered in PPAT of patients with aggressive prostate

cancer progression depending on the receipt of ADT. Specifically,
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T A B L E 4 Hazard ratios and 95% confidence intervals for associations between measures of adiposity and risk of recurrence, stratified by
ADT use
No ADT use
Ne (N)

ADT use
a

b

HR (95% CI)

HR (95% CI)

Ne (N)

HRa (95% CI)

HRb (95% CI)

P‐interactionc

BMI, kg/m2
<30

23/105

Ref

Ref

24/124

Ref

Ref

≥30

24/106

1.07 (0.60‐1.89)

0.90 (0.50‐1.62)

13/66

0.98 (0.50‐1.94)

0.97 (0.48‐1.94)

<Mediand

15/68

Ref

Ref

21/92

Ref

Ref

≥Mediand

23/85

1.23 (0.64‐2.36)

1.17 (0.60‐2.30)

14/76

0.91 (0.46‐1.80)

0.83 (0.42‐1.67)

<Mediand

14/70

Ref

Ref

22/90

Ref

Ref

≥Mediand

24/83

1.60 (0.83‐3.10)

1.79 (0.87‐3.66)

13/78

0.71 (0.36‐1.42)

0.49 (0.24‐1.03)

13/70

Ref

Ref

20/90

Ref

Ref

25/83

1.59 (0.80‐3.16)

1.47 (0.72‐2.98)

15/78

0.88 (0.45‐1.72)

0.85 (0.43‐1.69)

.12

WC, cm
.025

VFA, cm2
.002

SFA, cm2
<Mediand
≥Median

d

PPAT area, cm

.010

2

<Mediand

23/113

Ref

Ref

22/87

Ref

Ref

≥Mediand

24/98

1.55 (0.87‐2.76)

1.33 (0.71‐2.48)

15/103

0.54 (0.28‐1.03)

0.46 (0.23‐0.93)

<Mediand

22/110

Ref

Ref

22/90

Ref

Ref

≥Mediand

25/101

1.56 (0.87‐2.80)

1.31 (0.71‐2.43)

15/100

0.55 (0.29‐1.07)

0.54 (0.27‐1.06)

.002

PPAT density
.002

Note: Ne, number of events; N, total number of cases.
Abbreviations: ADT, androgen deprivation therapy; BMI, body mass index; PPAT, periprostatic adipose tissue; PSA, prostate‐specific antigen;
SFA, subcutaneous fat area; VFA, visceral fat area; WC, waist circumference.
a
Age‐adjusted models adjusted for age only.
b
Multivariable models adjusted for age, race, year, biopsy grade group, PSA, and clinical stage.
c
P value for the interaction between race and each adiposity measure in predicting risk of recurrence.
d
The median value is 104.56 cm for WC, 217.64 cm2 for VFA, 287.32 cm2 for SFA, 36.44 cm2 for PPAT area, and 0.36 for PPAT density.

though not statistically significant, positive associations between

those who received radiation alone and the effect of obesity on

measures of adiposity and prostate cancer outcomes were observed

outcomes in these men may be masked by the more aggressive

in men who did not receive ADT, while inverse associations were

clinical course of their disease.

seen in men who received ADT. Whether these opposite directions of

Our observation that associations between obesity and prostate

association are the result of ADT acting as a true modifier of the

cancer outcomes varied significantly by ADT use could have a bio-

obesity‐prostate cancer link, or a result of potential exposure mis-

logical explanation. To our knowledge, no studies have investigated

classification due to ADT‐related changes to adipose tissue dis-

associations between obesity and prostate cancer outcomes and how

tribution, remains to be determined. Considering the latter, it is

they may vary by receipt of hormone therapy. However, in a meta‐

possible that our measures of obesity, which were taken 6 to 8 weeks

analysis that looked at obesity and breast cancer by hormone ther-

after the initiation of ADT in men who received this treatment, were

apy, there was a stronger association between obesity and post-

affected by ADT‐related changes to the individual's hormonal state

menopausal breast cancer risk in women not using estrogen‐

resulting in altered adipose tissue quantity and distribution. ADT is

progestin therapy.38 It has been proposed that exogenous hor-

35

so our measures of

mones provided by estrogen‐progestin therapy may mask the effect

obesity might not accurately reflect pretreatment obesity levels in

of altered levels of endogenous hormones in obesity, thereby

men on ADT and instead reflect obesity as a consequence of ADT.

blocking the effect of obesity on breast cancer risk. Among women

Declining testosterone levels, achieved with ADT, correlate with in-

using estrogen‐progestin therapy, estrogen levels are elevated.

creasing body fat accumulation and decreasing lean body mass.36

Therefore, the relative impact of adipose tissue estrogen production

ADT is also related to metabolic changes such as decreasing insulin

on the tumor is expected to be reduced.38 Similarly, in prostate

known to cause body composition changes,

sensitivity and increasing low‐density lipoprotein cholesterol, high‐

cancer, ADT could offset the effect of obesity‐related disrupted en-

density lipoprotein cholesterol, and triglycerides.37 Another factor

dogenous hormone levels on tumor cells, thereby masking the as-

that may have contributed to significant differences in associations

sociation between obesity and prostate cancer outcomes in men

between obesity and outcomes by ADT is that tumor characteristics

receiving ADT. This hypothesis supports our findings of positive as-

varied by ADT. Men receiving ADT had more aggressive tumors than

sociations between obesity and recurrence only in men not using
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ADT. However, given that this is the first study to test this hypothesis
in prostate cancer, more research is necessary to determine if hormone therapy could modify associations between obesity and outcomes in prostate cancer patients.
This study has several limitations and strengths that should
be considered. For example, despite the relatively long follow‐up
(median of 9.3 years) there was a relatively low number of events,
specifically for outcomes such as prostate cancer‐specific mortality, which led us to use recurrence as the primary outcome.
Also, the cohort was composed of patients treated with radiation
due to the availability of planning CT scans for determining adipose tissue measurements. Therefore, this may limit generalizability of our results when looking at all patients with prostate
cancer undergoing various treatment regimens. Future studies
are necessary to determine how outcomes in different treatment
groups are affected by adipose tissue distribution. One major
strength of this study is the racially diverse population. The cohort was 59% black, which allowed for more generalizability and
unique contrasts to previous studies with cohorts that were
predominantly made up of white men.
In conclusion, most findings in this study of radiotherapy‐treated
patients were null, such as associations between adiposity measures
and risk of recurrence. However, in secondary analyses, we found
that abdominal and pelvic obesity may have varying effects on
prostate cancer outcomes depending on the hormonal state of the
individual. These results merit exploration in future studies and if
confirmed may have important clinical implications as well as provide
further biological insights. Studying adipose tissue distribution and
interaction with prostate cancer treatments will improve our understanding of the mechanisms associated with obesity and prostate
cancer outcomes, which in turn will be important for developing
future interventions to break the obesity‐prostate cancer link.
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