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Abstract

Purpose: We aimed to study the associations between androgen-deprivation therapy (ADT)-
induced weight changes and prostate cancer (PC) progression and mortality in men who had
undergone radical prostatectomy (RP).

Methods: Data from the Shared Equal Access Regional Cancer Hospital (SEARCH) cohort were
used to study the associations between weight change approximately 1-year post-ADT initiation
and metastases, castration-resistant prostate cancer (CRPC), all-cause mortality (ACM) and PC-
specific mortality (PCSM) in 357 patients who had undergone RP between 1988 and 2014. We
estimated hazard ratios (HR) and 95% confidence intervals (95% CI) using covariate-adjusted Cox
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regression models for associations between weight loss, and weight gains of 2.3 kg or more, and
PC progression and mortality post-ADT.

Results: During a median (IQR) follow-up of 81 (46-119) months, 55 men were diagnosed with
metastases, 61 with CRPC, 36 died of PC, and 122 died of any cause. In multivariable analysis,
weight loss was associated with increases in risks of metastases (HR=3.13; 95% CI, 1.40-6.97),
PCSM (HR=4.73; 95% ClI, 1.59-14.0) and ACM (HR=2.16; 95% Cl, 1.25-3.74) compared with
mild weight gains of <2.2. Results were slightly attenuated but remained statistically significant in
analyses that accounted for competing risks of non-PC death. Estimates for the associations
between weight gains of 2.3 kg and metastases (HR=1.58; 95% CI, 0.73-3.42), CRPC (HR=1.33;
95% ClI, 0.66-2.66) and PCSM (HR=2.44; 95% ClI: 0.84-7.11) were elevated, but not statistically
significant.

Conclusions: Our results suggest that weight loss following ADT initiation in men who have
undergone RP is a poor prognostic sign. If confirmed in future studies, testing ways to mitigate
weight loss post-ADT may be warranted.

Keywords

prostate cancer; androgen-deprivation therapy; metastases; prostate cancer specific mortality;
weight gain; weight loss

Introduction

Despite the lack of Level I evidence showing benefit, men with prostate cancer (PC) who
fail primary therapy are placed on early androgen-deprivation therapy (ADT) as the de facto
standard of care. However, there are growing concerns over this strategy owing to the side
effects of ADT and importantly since the five-year survival for PC is now approaching 100%
[1]. While numerous side effects have been documented (e.g., fatigue, loss of libido, hot
flashes, osteoporosis), there is now strong evidence indicating that ADT also leads to body
composition changes, including increases in fat mass and decreases in lean mass and muscle
strength [2-5]. Specifically, during the first year of ADT, fat mass can increase by about
10%, while lean mass can decrease by about 3% [3, 6]. The net result is often weight gain
and obesity which may lead to diabetes and cardiovascular disease [7-9]. A previous study
from the Shared Equal Access Regional Cancer Hospital (SEARCH) database found that
men gain on average 2.2 kg during the first year of therapy [10]. This weight gain is in-line
with reports in the literature; however, weight gains may be greater in younger, non-obese
patients [7, 11]. Data from the SEARCH database also indicate that nearly a third of men
experienced weight loss on ADT. Given the evidence that obesity at ADT-initiation is
associated with early development of castrate-resistant prostate cancer (CRPC) [12], an
increase in the risk of PC progression might also be expected with ADT-induced weight
gain.

To date, studies have not examined the impact of weight gain on PC outcomes such as
metastases, CRPC, PC-specific mortality (PCSM) and all-cause mortality (ACM) while
undergoing ADT. Therefore, we sought to investigate the associations between weight
change, estimated from weights documented pre- and post-ADT initiation, and PC outcomes
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in men who had undergone radical prostatectomy (RP). Data were obtained from the
SEARCH database [13]. We hypothesized that greater weight gain would be associated with
worse oncological outcomes.

Materials and Methods

Study Population

Approval was obtained from the Veterans Affairs Institutional Review Board. SEARCH is a
retrospective cohort of men undergoing RP from 1988 to 2014 and followed up through
2016 at six Veterans Affairs hospitals (Palo Alto, West Los Angeles, and San Diego, CA,;
Durham and Asheville, NC; Augusta, GA). Detailed data pertaining to demographic,
clinical, and pathological factors were extracted from hospital charts and included in the
SEARCH database [14]. Patients who had received neoadjuvant androgen deprivation or
radiation therapy were not included in SEARCH.

Pre-ADT weight was defined as weight measurement closest to, but within 12 months prior
to ADT initiation. Post-ADT weight was defined as the weight measurement closest to 12
months, but within 6 to 18 months post-ADT initiation. Height was taken as the median of
all height measurements and assumed to be constant over time. Body mass index (BMI)
prior to ADT initiation was calculated as weight in kilograms divided by height in meters
squared. Absolute weight change from pre-ADT to post-ADT was categorized into 3 groups:
weight loss if post-ADT weight was less than pre-ADT weight, stable and mild weight gain
if weight did not change or increased 0-2.2 kg, and moderate-to-severe weight gain if weight
increased > 2.3 kg. We used 2.3 kg (~5 pounds) as the cut-point for weight gain since this
was the median weight gain observed after ADT initiation in a prior study from the
SEARCH database [10]. The difference in pre-ADT weight and the weight closest to 12
months prior to the pre-ADT weight (+/- 6 months) was used to determine the weight
change trajectory prior to ADT initiation to facilitate interpretation of post-ADT weight
changes.

In sensitivity analysis we established weight change categories by ranking men according to
absolute weight change (e.g., loss to gain post-ADT), dividing the men into tertiles with
corresponding tertile cut-points of weight change used to create weight change groups.

CRPC was defined as a PSA rise of 22 ng/mL and =25% from the post-ADT nadir while
being castrate, defined as serum testosterone levels <50ng/dL, bilateral orchiectomy, or
continuous receipt of luteinizing hormone releasing hormone agonist or antagonist.
Development of metastases was determined radiographically as evidence of prostate cancer
outside of the prostate, seminal vesicles, or pelvic lymph nodes. PCSM was comprised of
metastatic progressive CRPC at time of death with no obvious indication of other causes of
death and ACM was comprised of death from any cause. Mortality data for the SEARCH
database were manually abstracted from review of the VA electronic health records and
cross-checked against the National Death Index in cases where data were flagged as
incomplete.
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Of 5,515 men identified, we excluded men who had never received ADT (n=4,535), had
metastases prior to ADT initiation (n=108), did not have pre-ADT and post-ADT weights
documented (n=409), or had missing information on covariates (n=76). Treatment with ADT
was at the discretion of the attending physician and was either given adjuvantly or for
biochemical recurrence. To limit the effect of existing advanced progression of PC at the
time of ADT initiation, we excluded men who had developed metastases or CRPC within 18
months of ADT initiation (n=28). In addition, men with weight changes (loss or gain)
greater than 3 standard deviations from the mean were excluded as outliers (n=2), resulting
in a final study cohort of 357 men (Fig. 1). Characteristics of men included in the study vs
those excluded were compared to assess differences between groups.

Statistical Methods

PSA doubling time (PSADT) leading up to ADT initiation was calculated by log(2) divided
by the slope of the linear regression of log(PSA) over time in months. Subjects with PSADT
<0 or >120 were considered to have very slow PSA rise and were assigned to 120 months.
All PSA values two years prior to ADT initiation but after RP and radiation therapy, if
applicable, were used to calculate PSADT. This calculation required at least two PSA values
over at least three months. Kruskal Wallis and chi-square tests were used to compare
differences between group medians for non-normally distributed variables and proportions,
respectively.

Cox proportional hazards models were used to test the association between weight change
after ADT and the risk of metastases, CRPC, ACM and PCSM. A landmark of 18 months
after ADT initiation was established since patients could have had post-ADT initiation
weight measurements collected up until 18 months. Absolute weight change, as previously
employed in studies examining the relation between obesity and PC [11, 15] was the main
exposure and defined as a categorical variable as described above with the reference group
comprising of men with stable and mild weight gain (<2.2 kg). Age and BMI (pre-ADT),
known biological confounders, identified a prioriwere forced into all regression models as
continuous variables, regardless of impact on the association between weight status and
outcome. Other candidate covariates identified a priori were evaluated and included in the
models if their inclusion resulted in at least a 10% change in the main exposure (weight
change) point-estimate (change-in-estimate approach) [16]. Candidate covariates included
year of ADT initiation (continuous), race (black vs. non-black), PSA at ADT initiation
(continuous), pre-ADT PSADT (<9 months vs. =9 months vs. unknown), pathological grade
group (1 vs. 2-3 vs. 4-5) [17], positive surgical margins (yes vs. N0), extracapsular extension
(yes vs. no), seminal vesicle invasion (yes vs. no), positive lymph nodes (yes vs. no vs. not
done) having received adjuvant radiation therapy at any time (yes vs. no), and time from RP
surgery to ADT. Cox regression models were tested for the assumption of proportional
hazards using Schoenfeld residuals. We assessed collinearity of variables using the variance
inflation factor (VIF). Kaplan-Meier curves were used to plot the relationship between
weight change and each outcome. Differences in time-to-event among weight change groups
were tested using the log-rank test.
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In a secondary analysis, we repeated the analyses above in models where non-PCSM was
accounted for as a competing risk. In addition, we tested whether adjusting for the time
between pre- and post-ADT weight measurements affected the results. To examine
robustness of our results, we conducted sensitivity analyses. First, to assess the impact of
different weight change categories, we re-analyzed the data using cut-points for groups
corresponding to tertiles. Second, to assess the impact of the time-windows for capturing
pre- and post-ADT weights we used stricter definitions for cut-off boundaries. Weight
between 0 and 3 months before ADT initiation was used for pre-ADT weight and weight
between 9 to 15 months post-ADT was used for 1-year post-ADT weight. Third, to
minimize the inclusion of undiagnosed more advanced cancer, we extended the ‘landmark
date’ from 18 to 24 months post-ADT. Statistical analyses were performed using STATA
13.0 (Stata Corp., College Station, Texas).

One hundred and thirteen (32%) men lost weight after ADT initiation, 72 (20%) experienced
mild weight gain, and 172 (48%) experienced moderate-to-severe weight gain (Table 1).
Median age at ADT initiation was 65 years (IQR: 60-71) and median year of ADT initiation
was 2009 (IQR: 2006-2012). Overall median time from RP to ADT was 27.2 months (IQR:
6.2-69.5), with the time greatest for those who lost weight and least for those who gained
weight, (44.1 (IQR: 10.6-79.7) vs 18.3 (IQR: 4.6-59.4), respectively, p=0.002). For all
groups combined, median pre-ADT BMI was 28.1 (IQR: 25.4-31.0) with slightly higher
BMI observed amongst men who lost compared with those who gained weight, (29.3 (IQR:
26.8-32.5) vs 27.3 (IQR: 25.2-30.7), respectively, p=0.01). For all groups combined, median
post-ADT BMI was unchanged from pre-ADT BMI, however, the moderate-to-severe
weight gain group had the highest BMI 29.1(IQR: 26.7-32.67), followed by the weight loss
group, 28.1(IQR: 25.1-30.9). Overall median time from pre-ADT weight to ADT initiation
was 1.2 months (IQR: 0.3-2.3), median time from ADT initiation to post-ADT weight 12.0
months (IQR: 10.9-12.7), and 13.0 (IQR: 12.0-14.6) months for between weight
measurements, with no differences in median times between weight status groups. Overall
median pre-ADT weight was 88.5 kg (IQR: 79.2-100.3) and post-ADT weight was 90.7 kg
(IQR: 81.5-102.5). Pre-ADT weights were not statistically significantly different between
weight status groups. The trajectory of weight change prior to ADT was determined for men
with available weights (h=325), approximately 12 months (median 12.1 (IQR: 11-12.7))
prior to the pre-ADT weights. Pre-ADT weight changes (median; IQR) were 0.88 kg weight
gain (-1.81-3.36), 0.18 kg weight gain (-2.27-2.72) and —0.43 kg weight loss (-2.99-2.31)
for weight loss, mild weight gain and moderate-to-severe weight gain groups, respectively.
Differences among groups were statistically significant (Kruskal-Wallis test, p=0.031).

During a median follow-up of 81 months (Q1, Q3: 45, 121) from ADT initiation, 55 patients
developed metastases, 61 developed CRPC, 36 died from PC and 122 died from any cause.
A comparison of characteristics between the 357 men included in this study and the 515 men
excluded for missing data (Fig. 1) indicated that the latter group was treated at an earlier
time, consistent with medical records being less complete in earlier years (Supplementary
Table 1). Clinical factors indicated that these men had somewhat more advanced disease;
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however, these same clinical factors were well balanced in distribution across study weight
status groups.

Fig. 2 shows the Kaplan-Meier survival curves for weight change categories and each
outcome. Log-rank tests for time-to-event differences between weight change groups were
null for all outcomes, except for ACM (p=0.005).

Age, age and BMI-adjusted, and multivariable Cox proportional hazards models are shown
in (Table 2). Interaction terms between pre-ADT PSA and log-time, and age and log-time,
were included in CRPC and ACM regression models, respectively, to better meet the
assumption of proportional of hazards. Issues with multicollinearity were not found. HRs
were elevated but not statistically significant for the associations between > 2.3 kg weight
gain and risks of metastases (HR=1.58; 95% ClI, 0.73-3.42), CRPC (HR=1.33; 95% ClI,
0.66-2.66), and PCSM (HR=2.44; 95% Cl, 0.84-7.11) compared with the reference group
(stable weight or mild weight gain: 0-<2.2 kg). There was no association with ACM
(HR=0.97; 95% ClI, 0.56-1.68). For weight loss, HRs were elevated but not statistically
significant in age- and age- and BMI-adjusted models. Multivariable adjusted HRs were
elevated and statistically significant for weight loss and metastases (HR=3.13; 95% ClI,
1.40-6.97), ACM (HR=2.16; 95% ClI, 1.25-3.74) and PCSM (HR=4.73; 95% ClI, 1.59-14.0),
but not CRPC (HR=1.75; 95% ClI, 0.83-3.68). Adjustment for time between pre- and post-
ADT weight measurements did not modify results (data not shown).

In secondary analyses we accounted for competing risks of non-PCSM. Results for the
association between >2.3 kg weight gain and outcomes remained null. Weight loss
associated with risks of metastases and PCSM were slightly attenuated (HR=2.51; 95% ClI,
1.11-5.65, and HR=3.52; 95% ClI, 1.22-11.10, respectively), but remained statistically
significant (Supplementary Table 2).

In sensitivity analyses where tertile cut-points for weight change were established at <0.1
kg, 0.1 to 3.7 kg (reference group) and =3.8 kg, for tertiles 1, 2, and 3, respectively, results
for weight loss and metastases, ACM and PCSM were somewhat attenuated in comparison
with the main analyses (Supplementary Table 3) but remained elevated and statistically
significant. In additional sensitivity analyses, where more stringent cut-offs were used for
pre- and post-weights, 83 participants were excluded. Compared with the primary analyses,
HRs for weight loss and metastases, ACM and PCSM increased in magnitude, albeit with
reduced precision, but retained statistical significance (Supplementary Table 4). In addition,
the HRs for weight loss and CRPC (HR=3.08, 95% CI: 1.25-7.60), and moderate-to-severe
weight gain and PCSM (HR=4.09, 95% CI: 1.12-15.0) increased and become statistically
significant. Increasing the landmark date from 18 months to 24 months post-ADT had
negligible effect on HRs despite the exclusion of 21 participants (data not shown).

Discussion

Much evidence supports the role of obesity in increasing the risk of aggressive PC and PC
progression [14, 18-20]. For men with recurrent or metastatic disease, ADT is standard of
care treatment. While ADT is quite effective at lowering PSA levels, it can result in various
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metabolic changes including weight gain, which in theory may promote PC progression. We
have previously shown that obesity at the time of ADT is linked with increased risk for
CRPC [12]. However, no study to date has examined the effect of weight change following
ADT initiation and long-term outcomes. We hypothesized that weight gain during the first
year following ADT initiation would be associated with an increased risk of metastases,
CRPC and PCSM. At a median follow-up time of 81 months among 357 men starting ADT
after RP, our findings did not support this hypothesis. Although HRs for metastases and
PCSM were elevated with moderate-to-severe weight gain (=2.3 kg vs 0-<2.2 kg), results did
not reach statistical significance in our main analyses. We previously reported, and now
confirm with a larger sample size, that about a quarter of the men in the SEARCH database
experienced weight loss after ADT initiation [10]. An unanticipated finding in this study was
that weight loss was associated with an increase in PC progression with elevated HRs
reaching statistical significance for metastases, ACM and PCSM. Furthermore, in additional
analyses that accounted for non-PC death as a competing risk, risks remained elevated and
statistically significant. If confirmed in other studies, these results would suggest that weight
loss after ADT is a poor prognostic sign, and more importantly highlights the need for
additional investigations to determine the underlying mechanisms that link the weight loss
with poor outcomes.

While body composition changes due to ADT are well-documented and include increases in
fat mass and decreases in lean mass, which may lead to sarcopenic obesity [1, 6, 21-23], and
conceivably weight loss concurrent with increases in fat mass, our study is the first to
specifically examine the relation between post-ADT weight change and PC disease
progression and mortality. Moreover, our finding that more men in the post-ADT weight loss
group gained weight, rather than lost pre-ADT, indicates that weight loss was not an
established pre-ADT weight change trajectory. On the contrary these findings strongly
suggest that this is not an early sign of cachexia, but an effect of ADT, though of course this
requires further validation. Over the longer term, an understanding of the mechanisms
involved could lead to targeted interventions that minimize the excess adverse risk
associated with weight loss.

Although the pathophysiology and underlying mechanisms are currently poorly understood,
evidence suggests that ADT-induced body fat accumulation may not be associated with the
same risk for PC progression as that arising from non-ADT linked obesity [7, 24]. For
example, following ADT, serum high density lipoprotein levels increase rather than decrease
as generally seen with obesity [1, 7]. In addition, with ADT, adipose tissue deposition is
predominantly subcutaneous rather than visceral. It is the latter pattern of adiposity that is
implicated in the development of cardiometabolic risk factors and subsequent obesity-related
diseases [1, 6, 25, 26]. Nonetheless, there are metabolic and pathophysiologic similarities
between ADT-induced weight gain and weight gain due to non-ADT linked obesity. These
include the development of insulin resistance, hypertriglyceridemia, and diabetes [1, 7-9],
with some evidence, albeit inconsistent, suggesting subsequent increases in the known
obesity-related disorders, such as cardiovascular disease [7, 8].

Considering the major gaps in knowledge with respect to health risks associated with ADT-
induced obesity, our null results for weight gain and PC progression and PCSM warrant
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attention. Weight gain during ADT occurs mainly during the first year of treatment but can
continue beyond that time [7, 23]. Hence, men in our reference group (weight stable) could
have gained substantial weight beyond our last follow-up time. As such, their risk of disease
progression might have more closely resembled men in the moderate-to-severe weight gain
group, which could have led to an underestimation of the association between weight gain
and outcomes. However, we believe this misclassification was unlikely since men who gain
substantial amounts of weight early in treatment are most likely to continue gaining weight
in subsequent years [7].

It has also been reported that men who gain weight post-ADT tend to be younger, have a
lower BMI and be healthier than men who do not [22]. If true, then baseline risks of disease
progression at ADT-initiation could favor better outcomes amongst men gaining weight
versus weight stable men, potentially nullifying the effects of weight gain. In our study,
although BMI at ADT was correlated with weight change category, this was driven by
higher BMI in the weight loss group. In addition, we did not find that men who gained
weight were younger, had lower BMI or more favorable clinical characteristics than men in
the reference group (weight stable). Moreover, results were unchanged after adjusting for
baseline characteristics.

In contrast to the limited follow-up time for the ascertainment of weight status, we studied
outcomes over an extended period (median time 81 months). This duration of follow-up is of
greater relevance to testing our hypothesis and hence, increases the credibility of our results.
A small exploratory study (n=53) with a median follow-up of 76 months reported findings
consistent with our results [23]. Body composition, including total fat mass were assessed
using dual-energy X-ray absorptiometry in men with non-metastatic PC. At one and two
years of ADT, increases in fat mass were not associated with disease progression or
recurrence [23].

Given the ongoing uncertainty of health outcomes linked with ADT-induced weight gain,
well designed, large, prospective, studies that accurately assess body fat distribution,
metabolic effects and long-term outcomes are needed to better characterize the full spectrum
of effects of ADT-induced increase in adiposity. It should be noted, however, that avoidance
and/or correction of weight gain may have other health benefits, such as reducing the risk of
diabetes [26].

A surprising finding in our study was that men who lost weight were at increased risks of
metastases, ACM and PCSM compared with those experiencing mild weight gain. Men
diagnosed with metastases or CRPC within 18 months of ADT initiation were excluded
from our analysis, hence, we do not believe that these men were exhibiting ‘cancer cachexia’
characteristic of underlying metastatic disease. Furthermore, there was a negligible impact
on risk estimates when we excluded men diagnosed within 24 months post-ADT initiation
(n=21) in sensitivity analyses. It is possible that men in the weight loss group experienced
body composition changes consistent with severe ADT-induced sarcopenia, although the
cause is unclear. It is also unknown if the weight loss was intentional or unintentional. Men
in the weight loss group had higher BMI at ADT initiation, and more men within this group
had been gaining weight just prior to ADT compared to the other 2 groups. These men may
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have intentionally attempted to lose weight and inadvertently used methods that exacerbate
lean mass loss. Weight loss driven by loss of lean mass could be an early indicator of poor
outcomes and if identified prior to, or early in the administration of ADT, strategies that
mitigate its occurrence and severity might be offered to improve long-term outcomes.

The specific effects of ADT on muscle mass have not been elucidated [27]. However, since
the loss of lean muscle mass adversely affects overall health [28], research has focused on
understanding the relationship between declines in physical function due to muscle loss and
the relationship to quality of life (QOL). For example, a study of men with non-metastatic
PC on continuous ADT found that ADT associated with physical declines in grip strength,
lower extremity function, and endurance, can persist or worsen up to 36 months and be
accompanied by reductions in self-reported QOL [29]. To combat muscle loss and declines
in physical function, and improve QOL, multiple studies have focused on the effectiveness
of lifestyle interventions, such as exercise programs. In a feasibility study of 50 men, Bourke
et al [30] found that men on ADT randomized to a 12-week lifestyle program comprising
aerobic and resistance exercise showed improvements in muscle strength. The improvement
in strength is congruent with the results of previous resistance and aerobic exercise
interventions that yielded increased muscle strength and lean body mass in men with PC on
ADT [31, 32].

Based on these results, it is possible that recommending exercise regiments to men
undergoing ADT could help prevent loss of muscle mass. Although speculative, this could
translate to better overall health and PC outcomes; however, further research is needed.
While no widespread evidence-based prevention or treatment strategies currently exist for
ADT-associated changes in body composition, these exercise interventions are promising,
and could improve not only QOL, but also long-term PC outcomes for men undergoing ADT
as noted in a recent guideline to prevent such effects [32].

In addition to exercise, dietary studies might also assist in increasing muscle strength and
lean mass. Whey protein has shown to promote gains in lean mass in healthy participants
[33] when combined with resistance training, but no studies have looked at the effects of this
supplement on men with PC undergoing ADT. In addition, supplements combined with diets
modified in macronutrient composition might be effective in reducing ADT-induced adverse
effects. For example, in a dietary intervention study, we found men consuming low
carbohydrate diets (20 grams per day), lost 10.6 kg while completely blocking ADT-induced
insulin resistance [34].

Despite the strengths afforded by our study, including a Veterans Affairs cohort with data
from multiple centers, there are limitations. First, our study is a retrospective cohort, relying
on information extracted from patients’ medical charts. Quality of care and completeness of
documented data may have varied during the extended study period resulting in exclusions
of potentially eligible patients, particularly those in the earlier time-period of the study. Such
exclusions raise concerns that selection bias may have been introduced. However, our
finding that the distribution of clinical factors, which differed between excluded and
included men, were balanced across study weight status groups does not point to
compromised internal validity. Second, although we were limited by the existing data in our
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estimation of weight change following ADT-initiation we have conducted sensitivity
analyses with more rigorous time-windows for weight change which was shown to have
negligible impact on our results. Third, as detailed body composition measurements were
unavailable, we were unable to directly test the hypothesis that patients losing weight were
losing muscle mass. Fourth, we did not assess dietary intake or physical activity to
determine their impact on our results. Finally, larger studies with longer follow-up, and
potentially the testing of longer lag-times are needed to confirm our findings.

Conclusion

Among men with PC undergoing ADT at five Veterans Affairs medical centers, weight loss
was associated with increased risk of metastases, ACM and PCSM. Risks associated with
moderate-to-severe weight gain and PC progression and PCSM were elevated but not
statistically significant. We speculate that increased weight loss post-ADT could be
associated predominantly with reduced lean muscle mass; however, validation of these
findings and further study of the mechanisms linking weight loss, body composition and PC
outcomes are required.
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Fig. 1.

SEARCH database
N=5515
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Received ADT after RP
N=980 (18%)

Never received ADT (n=4535)

No metastasis prior to ADT
N=872 (89%)

Had metastasis at the time of ADT ini-
tiation (n=108)

v

Weight measurements available be-
fore and after ADT

N=463 (53%)

v

No pre-ADT weight available (n=66)
No post-ADT weight available (n=54)
Both weight measurements unavaila-
ble (n=289)

All covariates available

N=387 (84%)

Missing pre-ADT PSA (n=39)
Missing pathological grade group
(n=25)

Missing pathological features (n=12)

v

At least 18 months of follow-up and
no events within 18 months

N=359 (93%)

Developed metastasis (n=18) within
18 months

Developed CRPC (n=10) within 18
months

v

Excluding outliers for weight change
(>3SD from the mean)

N=357 (99%)

Weight loss >16.0 kg (n=2)

Consort diagram showing inclusions and exclusions for participants from the SEARCH

cohort for this study.
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P-values determined using log-rank test for differences between weight change groups.

Fig 2.
Kaplan-Meier survival curves of time to: A.) metastases, B.) CRPC, C.) all-cause mortality
and D.) PC-specific mortality stratified by weight change group.
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Table 1.

Patient characteristics by weight change at the time androgen-deprivation therapy (ADT) was initiated.

Weight loss  Mild weight gain  Moderate/severe Total

(<0kg) (0-2.2kgs) weight gain (N=357)
(N=113) (N=72) (=2.3kgs)
(N=172) p value
Age at ADT 0.3761
Median 66 65 64 65
Q1,Q3 61, 73 60, 71 59, 69.5 60, 71
Year of ADT 0.4711
Median 2009 2009 2010 2009
Q1,Q3 2006, 2012 2005, 2012 2006, 2012 2006, 2012
Pre-ADT BMI (6 months) 0.0101
Median 29.3 27.4 27.3 28.1
Q1,Q3 26.8,32.5 24.9,30.2 25.2,30.7 25.4,31.0
Post-ADT BMI (12 months) 0.0161
Median 28.1 27.9 29.1 28.4
Q1,Q3 25.1,30.9 25.4,30.6 26.7-32.6 26.4,31.7
Pre-ADT PSA (ng/mL) 0.0601
Median 0.7 1.0 0.4 0.7
Q1,Q3 03,16 0.3,2.8 02,14 02,21
Pre-ADT PSADT [n (%0)] 00332
Known 87 (77) 46 (64) 108 (63) 241 (68)
Unknown 26 (23) 26 (36) 64 (37) 116 (32)
Pre-ADT PSADT [n (%)] (among men with known 0 3872
PSADT data) '
>9 months 41 (47) 24 (52) 44 (41) 109 (45)
<9 months 46 (53) 22 (48) 64 (59) 132 (55)
Race [n (%0)] 0.4622
Non-black 78 (70) 48 (67) 107 (63) 233 (66)
Black 34 (30) 24 (33) 64 (37) 122 (34)
Pathological Grade group [n (%0)] 0.4882
1 22 (19) 9(13) 27 (16) 58 (16)
2-3 53 (47) 43 (60) 87 (51) 183 (51)
4-5 38(34) 20 (28) 58 (34) 116 (32)
Positive surgical margins [n (%0)] 61 (54) 35 (49) 96 (56) 192 (54) 0 5882
Extracapsular extension [n (%6)] 47 (42) 26 (37) 64 (38) 137 (39) 0 7012
Seminal vesicle invasion [n (%)] 28 (25) 22 (31) 53 (31) 103 (29) 0 5122
Lymph node involvement [n (%6)] 0.7682
No 79 (70) 52 (72) 126 (73) 257 (72)
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Weight loss  Mild weight gain  Moderate/severe Total
(<0kg) (0-2.2kgs) weight gain (N=357)
(N=113) (N=72) (=2.3kgs)
(N=172) p value
Yes 7 (6) 7 (10) 13 (8) 27 (8)
Not done 27 (24) 13 (18) 33(19) 73 (20)
Pre-ADT weight (kg) 0.0891
Median 92.6 86.9 87.2 88.5
Q1,Q3 83.4,104.8 78.4,98.9 77.6,99.9 79.2,100.3
Post-ADT weight (kg) 0.0141
Median 88.0 88.0 92.5 90.7
Q1,Q3 77.1,100.2 79.9,99.9 83.0, 107.8 81.5,102.5
Months from ADT to post-ADT weight 0.0781
Median 11.8 12.1 11.9 12.0
Q1,Q3 10.8,12.6 11.6,13.1 10.8,12.6 10.9,12.7
Months from pre-ADT weight to ADT 0.5831
Median 1.2 1.2 0.9 1.2
Q1,Q3 0.1,2.6 04,23 0.2,2.1 03,23
Months from pre- to post-ADT weight
Median 12.9 134 12.7 13.0 0.0781
Q1,Q3 11.9,14.6 12.4,14.8 11.9,14.4 12.0, 14.6
Change in weight (kg) <0‘0011
Median -2.8 13 5.1 2.0
Q1,Q3 -6.3,-1.3 0.7,1.8 32,76 -0.9,5.0
Months from RP surgery to ADT 00021
Median 441 25.2 18.3 27.2
Q1,Q3 10.6, 79.7 6.6, 73.8 4.6,59.4 6.2,69.5
Weight change prior to ADT (kg), n=325 0.0321
Median 0.9 0.2 -0.4 0.2
Q1,Q3 -1.8,34 -2.3,2.7 -3.0,2.3 -2.7,2.7
Months between pre-ADT weights 0.3331
Median 12.1 12.1 12.0 12.1
Q1,Q3 114,128 10.8,12.8 10.9,12.5 11.0,12.7
Radiation therapy 0.0522
No 36 (32) 34 (47) 55 (32) 55 (32)
Yes 77 (68) 38(53) 117 (68) 117 (68)
Follow-up (months) 0.4451
Median 84 84 78.8 81
Q1,Q3 47,115 49,129 47.4,115.1 45,121

'ZKruskaI Wallis
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