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Abstract

Purpose of Review This study aimed to summarize evidence published between 1999 and June 2020 examining diet and lifestyle
after prostate cancer (PC) diagnosis in relation to risk of biochemical recurrence, PC progression, and PC-specific mortality.
Recent Findings Secondary prevention is an important research area in cancer survivorship. A growing number of studies have
reported associations between post-diagnostic modifiable behaviors and risk of PC outcomes.

Summary Evidence on modifiable lifestyle factors and PC remains limited. Where multiple studies exist, findings are often
mixed. However, studies consistently suggest that smoking and consumption of whole milk/high-fat dairy are associated with
higher risk of PC recurrence and mortality. In addition, physical activity and %2 to 1 glass of red wine/day have been associated
with lower risk of recurrence and PC-specific mortality. Greater inclusion of racially/ethnically diverse groups in future research
is necessary to understand these relationships in populations most impacted by adverse PC outcomes.

Keywords Nutrition - Physical activity - Exercise - Survivorship - Modifiablerisk factors - Prostate cancer - Fish - Meat - Poultry -
Eggs - Dairy - Dietary fats - Cruciferous vegetables - Tomatoes - Alcohol - Supplements - Obesity - Body mass index - Smoking

Introduction

Prostate cancer (PC) is the second most common malignancy
diagnosed among men worldwide, with an estimated 1.3 mil-
lion diagnoses worldwide in 2018 [1]. Despite its relatively
high survival rate, it remains the fifth most common cause of
cancer-related death among men worldwide, with 358,989
deaths reported in 2018. Moreover, it is the leading cancer-
related cause of death in men in 46 countries [1]. The varying

This article is part of the Topical Collection on Genitourinary Cancers

>4 Crystal S. Langlais
crystal.langlais@ucsf.edu

Department of Epidemiology & Biostatistics, University of
California, San Francisco, 550 16th Street, San Francisco, CA, USA

Helen Diller Family Comprehensive Cancer Center, University of
California, San Francisco, San Francisco, CA, USA

Department of Urology, University of California, San Francisco, San
Francisco, CA, USA

Department of Medicine, Division of General Internal Medicine at
Zuckerberg San Francisco General Hospital, University of
California, San Francisco, San Francisco, CA, USA

disease courses PC can take underscore its heterogeneity in
presentation and prognosis and highlight the importance of
secondary prevention. Over the past two decades, there has
been a growing interest in identifying modifiable factors, such
as diet and lifestyle factors, associated with overall health,
disease progression, and mortality among men with PC.

Methods

In this review, we summarize findings from studies evaluating
associations of post-diagnostic dietary and lifestyle (e.g.,
physical activity, body size, smoking) behaviors with PC re-
currence, progression, and mortality; highlight important new
research; and discuss where additional research is needed. We
focused on observational studies to complement a recent re-
view of randomized trials on this topic [2¢]. Although focused
on literature from the last 5 years, additional studies from the
past two decades provide further context. We used the search
terms “prostate cancer”, “progression”, and “mortality” in
combination with each dietary or lifestyle factor (see subsec-
tion headers below) to search PubMed for articles published
through June 22, 2020. Papers that examined all-cause
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mortality (ACM) were included if a PC-specific outcome (re-
currence/progression, PC-specific mortality (PCSM)) was also
evaluated. A single author (CSL) reviewed titles and abstracts
of 1894 returns and identified 168 unique articles for further
review. Eighty-three were deemed relevant, 33 of which were
published between 2015 and 2020. Most common reasons for
exclusion included exposure assessment prior to diagnosis and
lacking assessment of any of the outcomes of interest.

Given known racial/ethnic disparities in PC, including a
greater mortality burden among African-American/Black
(AA/B) men, we assessed the race/ethnicity distributions of
the populations studied. Table 1 summarizes characteristics of
the studies reviewed, stratified by exposure. Table 2 summa-
rizes the findings of all included observational studies. Where
relevant, we supplement our discussion with findings from
randomized trials [2¢].

Diet
Fish

Five studies published between 2006 and 2020 examined
post-diagnostic fish intake in relation to PC outcomes, three
of which considered recurrence or progression [4, 6, 7]. One
ofthese, a study of 1202 men with non-metastatic PC from the
Health Professionals Follow-up Study (HPFS), observed evi-
dence of an inverse association in models adjusted for pre-
diagnostic fish intake (hazard ratio (HR) for 1 serving/day
increase: 0.52, p = 0.006; 95% confidence interval (CI) un-
available) [7]. The other two—a study of 940 men with stage
< T3 PC from Washington University and a study of 1294
men with localized/regional disease from the Cancer of the
Prostate Strategic Urologic Research Endeavor
(CaPSURE™)—observed no association [4, 6]. However,
the Washington University study reported a statistically sig-
nificant inverse association for recurrence when modeling the
substitution of fish/poultry for red meat [4]. The remaining
two studies examined PCSM and ACM and observed no sta-
tistically significant associations for fish intake, though one of
these reported a borderline statistically significant inverse
trend per 1 standard deviation (SD) of greater fish intake and
ACM (HR: 0.90; CT: 0.80 to 1.01; p = 0.08) [3, 5]. No study
reported an elevated risk of adverse PC outcomes with fish
intake. In summary, evidence that fish intake following PC
diagnosis is associated with PC outcomes is very limited.

Meat, Poultry, and Eggs
Three studies conducted between 2006 and 2016 considered
post-diagnostic consumption of meat, poultry, and eggs in

relation to recurrence/progression and observed no associa-
tions with total poultry or total, processed, or unprocessed

@ Springer

red meat (Table 2) [4, 6, 7]. A study of 1294 men with
localized/regional PC in CaPSURE observed a positive asso-
ciation between poultry with skin and risk of PC progression
(HR enite3 vs 10 2.26; CI: 1.36, 3.76; p trend = 0.003) [6]. This
study also observed a borderline statistically significant asso-
ciation with egg intake (HRgyartite 4 vs 1: 2.02; CI: 1.10, 3.72; p
trend = 0.05), which was not replicated by a later study of 940
men from Washington University [4].

Three studies examined post-diagnostic intake of meat,
poultry, and eggs with respect to PCSM, with mostly null
results [3, 5, 8]. However, a study of 4882 men with non-
metastatic PC from the Cancer Prevention Study-II
Nutritional Cohort (CPS-II) reported an inverse relationship
with unprocessed red meat (HRgyariic 4 vs 10 0.64; CI: 0.46,
0.91; p trend = 0.01) [3]; while a study of 926 men with non-
metastatic PC from the Physicians’ Health Study (PHS) ob-
served a higher risk per 1 SD increase in processed meats (HR:
1.32; CI: 1.06, 1.64; p = 0.01) [5].

Two studies examining PCSM also examined ACM, with
mixed findings (Table 2) [3, 5]. In the PHS, there was a higher
risk per 1 SD increase in intake of processed meats (HR: 1.17;
CI: 1.06, 1.30; p = 0.003) and eggs (HR: 1.12; CI: 1.02, 1.24;
p = 0.02), but no association with total red meat [5].
Conversely, the CPS-II study observed an association with
total red meat (HR guarite 4 vs 1: 1.22; CL: 1.07, 1.39; p trend
= 0.03), but not with eggs [3]. Furthermore, despite not dem-
onstrating a statistically significant trend, each upper quartile
(Q) of processed red meat intake in CPS-II had a higher risk of
ACM compared to Q1 (HRq4: 1.17; CI: 1.04, 1.33. HRq3:
1.15; CI: 1.02, 1.30. HRy: 1.14; CI: 1.01, 1.28; p trend =
0.07) [3]. This study also reported an inverse association with
total poultry and ACM (HRq4: 0.84; CI: 0.75, 0.95; p trend =
0.01), which was not examined in the PHS.

In summary, recommendations on post-diagnostic meat,
poultry, or egg intake specifically for PC outcomes cannot
be made due to lack of concordance across a limited number
of studies. However, based on national guidelines for general
and cardiovascular health, it is prudent to limit consumption of
processed meat and select lean choices of meat or skinless
poultry [86, 87].

Dairy

Three studies conducted between 2006 and 2018 considered
post-diagnostic dairy intake in relation to PC recurrence or
progression [7, 9, 11]. Where there was overlap in exposures
examined, studies agreed. Studies in CaPSURE and HPFS
both found no association with total, high-fat, or low-fat dairy,
but reported positive associations between > 4 servings/week
vs 0-3 servings/month of whole milk and risk of progression
(HR: 1.73; CIL: 1.00, 2.98; p trend = 0.04. HR: 1.51; CI: 1.03,
2.20; p trend = 0.03) [9, 11]. Two studies from the HPFS
found no association between total milk and risk of PC
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progression [7, 11], although one of these noted a positive
association in models adjusting for pre-diagnostic intake
(HR¢ontinuous: 1-12, p = 0.04, CI unavailable) [7]. Table 2
shows various other dairy items that were examined by a
single study [9].

Three studies examined post-diagnostic dairy intake and
PCSM (Table 2) [5, 10, 11]. While results for most subcate-
gories of dairy were null, there were consistent positive asso-
ciations for whole milk. One of these, a study of 3918 men
with localized/locally advanced PC from the HPFS, observed
arelationship with > 4 serving/week vs 0-3 servings/month of
whole milk (HR: 2.15; CIL: 1.28, 3.60; p trend < 0.01) [11]. A
population-based study of 525 Swedish men did not observe
this association in the full cohort but replicated this finding for
>3 vs < 1 serving/day of high-fat milk among 230 men diag-
nosed with localized disease (HR: 4.86; CI: 1.52, 15.57; p
trend = 0.003) [10].

Two studies examining PCSM also examined ACM; both
observed an association with high-fat dairy intake (HR; gp
increase: 1.18; CL: 1.07, 1.30; p = 0.001. HR = 45 serviday :
1.04; CI: 0.73, 1.49; HR3 < 45 serviday: 0.82; CIL: 0.58, 1.17;
HR_< 3 serviday: 0.75; CL: 0.53 to 1.04 vs < 1 serv/day; p trend
= 0.05) [5, 10]. Effect modification was observed in the
Swedish cohort based on stage at diagnosis and milk type.
There was a positive association for servings/day of high-fat
milk (HR = 3 s < 11 3.32; CI: 1.85, 5.97; p trend = 0.001)
among men diagnosed with localized PC, while low-fat milk
was positively associated with ACM among 295 men diag-
nosed with advanced PC (HR = 5 s < 1: 1.72; CI: 1.14,2.57; p
trend = 0.02) [10].

In summary, men should limit whole milk to < 4 servings/
week following a PC diagnosis to minimize risk of progres-
sion and PCSM. Limiting high-fat dairy is also advised, and
consistent with heart-healthy diet recommendations, to de-
crease risk of ACM following PC diagnosis.

Dietary Fats

Five studies examined post-diagnostic dietary fats in relation
to PC outcomes, with only one published in the last 5 years
[12—16]. Only one, a study of 390 men who underwent radical
prostatectomy (RP), examined risk of recurrence and reported
a higher risk associated with saturated fat (HRq4 vs g1-3: 1.90;
CIL 1.16, 3.11; p value unavailable) [15].

Four studies examined specific types of dietary fat
(Table 2) with respect to PCSM [12-14, 16]. Studies agreed
that there was no association with monounsaturated, polyun-
saturated, trans, or animal fat intake. Two studies also exam-
ined total dietary fat and found no association, although one—
a Swedish study of 525 men—reported a positive trend be-
tween total dietary fat and risk of PCSM among the subgroup
of men diagnosed with localized PC (HRq4 vs 11 2.07; CI:
0.93,4.59; p trend = 0.03) [14, 16]. There was mixed evidence

@ Springer

regarding saturated and vegetable fat intake. Two studies—a
Canadian study of 384 men and a study of 926 men with non-
metastatic PC in the PHS—observed a relationship with satu-
rated fat intake (HRyejie 3 vs 10 3-1; CL: 1.3, 7.7; p trend =
0.008; HR for 5% caloric exchange of saturated fat for carbo-
hydrates: 2.78; CI: 1.01, 7.64; p = 0.05) [12, 16]. Two other
studies reported no statistically significant relationships be-
tween post-diagnostic saturated fat and risk of PCSM [13,
14]. Regarding vegetable fat, a study of 4577 men with non-
metastatic PC from the HPFS observed an inverse relationship
with PCSM (HR for 10% caloric exchange of vegetable
fat for carbohydrate: 0.71; CI: 0.51, 0.98; p = 0.04),
whereas the PHS analysis did not observe a statistically
significant association [12, 13].

Two studies considered ACM with mixed results [12, 13].
Both observed no association with monounsaturated or animal
fat, but an inverse association with vegetable fat (PHS HRq4
o1: 0.65; CI: 0.45, 0.93; p trend = 0.03; HPFS HR guintites vs 1:
0.65; CI: 0.52, 0.83; p trend < 0.001) and a positive associa-
tion with saturated fat (PHS HR for 5% caloric exchange of
saturated fat for carbohydrate: 1.81; CI: 1.20, 2.74; p = 0.005;
HPFS HR for 5% caloric exchange of saturated fat for carbo-
hydrate: 1.30; CI: 1.05, 1.60; p = 0.02) [12, 13]. The
HPFS also observed an inverse relationship between
polyunsaturated fat and ACM (HRgquiniite 5 vs 1 0.73;
CI: 0.57, 0.94; p trend = 0.004) and a positive associ-
ation with frans fat (HRguintite s vs 1: 1.51; CL: 1.14,
2.01; p trend = 0.002) [13]. The PHS observed no as-
sociations with polyunsaturated or trans fats [12].

Overall, diets with higher saturated fat may increase risk of
PC recurrence and mortality. Replication of findings for veg-
etable, polyunsaturated, and trans fats with mortality out-
comes is needed, though findings are consistent with recom-
mendations for overall health [86, 87].

Vegetables: Tomato (Lycopene), Cruciferous

We identified three studies that considered post-diagnostic
tomato intake in relation to PC outcomes [5, 7, 17]. Two of
these evaluated tomatoes in relation to risk of PC progression
with inconsistent findings. The first, a study of 1560 men with
non-metastatic PC from CaPSURE, found no statistically sig-
nificant association with either fresh tomatoes or tomato sauce
[17]. In contrast, a study of 1202 men with localized/regional
PC from the HPFS reported an inverse association with toma-
to sauce (HR serving/day: 0.46, p = 0.04, Cl unavailable) and a
positive association with fresh tomato intake (HR serving/day:
1.27, p = 0.02, CI unavailable) [7]. However, associations
were attenuated and neither was statistically significant when
pre-diagnostic intake was excluded from the models [7].
Clinical trials have reported that supplemental lycopene is
associated with return to normal PSA and normal bone scans
in men with metastatic PC treated with orchiectomy [2].



Page90f20 37

Curr Oncol Rep (2021) 23: 37

l6] un3ox
[6] WeaId [
[o1 *s] [o1 5] [6] Ionng
[6] wear)
[11] [11] N[ 9% z-Wnys
slot] slot] [o1] 6] [T JJ-MO[/WDNS
Hlo1] -lo1] LLIT ‘o1l slot] [11 %6l {1 Je3-YSI/Q[0Y M
[o1] [o1] i mog
[o1] (1101l aelL] 1T °L] [T [el0,
[o1] [11 ‘o1l (11 ‘6l Aarep yej-mog
Hl0T 6] [11 01 5] (11 ‘6l Axrep yej-[ng/e-ySIH
[o1] [11 ‘01] (11 ‘6l Krep [ejo,
Areq
[¢] €] [8°s €l pl9] [v] 359
[¥] Annod pary-uoN
[¥] Annod patrg
[8] SUOIMPUES A3IN) 10 UNOIY))
[8] [9] unjs m ‘AoxIng 1o uaory)
[8] [9] UIS Ou ‘Ao3{Iny 10 TSI
uz [€] JAnnod passaoordun
[8] sS0p J0y A3/ udOIY)
[¢] [8“€] [9“v] Annod rejo L,
[8] sgop J0H
[8] uooeqg
[8] eugojoq,muejes/agesnes
[¢] [¢] [¢] [8“€] [9t] JeaU PaI PAssaV0I
[8] sy1od/quuefjeogq
[8] Io3mquiey
[¥] JeaW PaI UOP-[[OM
[¥] JBOU QJRI-WNIPAW/IeY
[¢] [8] [€] [9v] yeaw par passaoordup)
[¢] [¢] [8 ‘s €] (L] Jeowr pai [ejo],
s334 ‘Annod yeoN
[+] poLy-UON
[¥] poug
[s el [s“c] oL 9 7] gl L] [810) St
AANISOJ 1IN 9SISAU] QANISOJ 1IN 9SIdAU] QAISOJ 1IN 9SISAU]
Uuoneroosse NV UoneIo0sse JN'SDJ/ASeasIp [eyio] UONRIO0SSE UOISSaIF01d/20Uua1Imnday s10308] A1ejol(q

Ayreyow asned-[[e pue ‘Ajjeprowr o1y1odds-1ooued ayeysoxd ‘uorssaiSord 1ooueo oyeisord pue syuouoduiod S[AISYI] PUB JOIP USIM)IQ SUONRIJOSSE JO Arewruing g d|qel

pringer

Qs



Curr Oncol Rep (2021) 23:37

37 Page 100f 20

[L1] aey|

[L1] synoxds assnig

[L1] IoMOpJINe))

[L1] a3eqqe)

[L1] 1109001

<] [s] [L1] [610} “9[QBRSIA SNOIFIONI)

L1 L] oL 20nes oJewo,

<] [s] olL] elL1 L] o1ewo) (Ysa1y)
SNOIQJIONID) ‘OJBUWIO ], :SI[QRIOTIA

[e1 ‘21l [c1] Jletl 9[qEIOBOA

[e1 ‘21l [er il [ewruy

[e1] [c1] [e1 ‘21l Suel],

[c1] qle1l [91 ‘v1-C1] sporeniEsunA[og

[e1“zi] [91 ‘v1-C1] PAJRINIESUNOUOI

der el pal91 Tl [p1 el [s1] pajernjeg
Jp1l J91 ‘p1l 1810} ‘Syeq Areprq

[6] 9S00 J10YI0

[o1] [o1] EREElig)

pL6] 10910y

QANISOJ N 3SIoAU] QANISOJ LN SSISAU] QADISOJ N 9SISAU]

UuoneIoosse NDV UOIIRIOOSSE JNSDJ/ASBISIP [BYI] UONRIDOSSE UOISSaIS01d/00ua1Imooy s10)08,] A1ejol

(ponunuoo) g d[qeL

pringer

Qs



Page 110f20 37

Curr Oncol Rep (2021) 23: 37

a1v 8¢l [8¢] (1] olth] olthl (1) SUDIQ I0 Sunyiea/Suniesm
Jsel qlsel Qi) QINSI9] SuLnp JumIS S,
Joraeyaq
[6€] [6€] Kaeyuopas [euonednodQ
[6€] [6€] Jeuonednooo AIejuspas-uoN
[6€] [17] [1¥ ‘6¢] ployesnoy
[euoneaIdax
[8€] [8¢] (Bunyjem-uou) 1(O
div deg
‘6¢€ ‘8¢l [1¥] ‘8¢] [Lg] [eUONEAI00Y
[1v] [1¥] L SUISIOIOXH
[ev] [ev] [ev] SNOJOSIA-UON
[t ‘6] log]  [ev o€l [zy] [L£] SNOIOTIA
[ev ‘o€l [6¢€] [ev] [ov] [L€] [e10} “ANADOY [91SAYJ
Jlec ‘€zl (6T €Tl oner dy-0j-stepy
(6T €Tl (62 ‘€] QOUQIJWINOIID JSTEA\
rulS8 ‘€8
‘6L
al6L “LL *89 wygl6L 89 ‘59 ‘09 P8 “T8—08 ‘8L ‘LL ‘0L-89 ‘S9
[¥€ ‘59 ‘LS ‘9L-1L ‘L9 ‘99 49 7909 ‘LS
‘LT vl ‘09 ‘6S ‘6T ‘€Tl [LL] wyl6SLS €l ‘1€-62 ‘9T ‘v ‘€Tl ‘€9 ‘19 b€ ‘0€ ‘87l ‘ge-l¢g LTsT] Xoput ssewr Apog]
Asaq0
lo1] [o1] snotoydsot{
[o1] [o1] wnpe)
doz ‘o1l ozl +lCT 0T “0T] Jeal q urweynA
[12] [12] [12] wnuoes
asn juowd[ddng
[81] [81] SuIM dPYM
[81] [81] ouIm payg
[81] le1] lo1] 811 ouIm [ejo],
[o1 “81] [61 “g1] Jonbry
[61 “81] pal81] [61] Ioag
[o1 ‘811 [61 *81] [o1] [€30) ‘[OYO9TY
AANISOJ 1IN 9SISAU] QANISOJ 1IN 9SIoAU] AAISOJ 1IN ASIAU]

UONRIOOSSE DV

UONBID0SSE NS J/ASEISIP [BU ]

UONEID0SSE UOISSIS01d/ouarmooy

s10)08J O[AISYI]

(ponunuoo) g djqeL,

pringer

Qs



Curr Oncol Rep (2021) 23:37

37 Page 120f20

[£¥] s1oows 1oAau 03 paredwod uorssaigord/2ouaimodr Jo
3SLI PASBAIOUI 1M PIJRIOOSSE )0q AIoM SIBIA 66 01 G PUB SIBIA ('} 0] | JO SUONESSIO FUDJOUWIS “SIOYOWS J9AdU 0} Parediod uoissargord/aoualmaal yirm PajeIoosse Jou Sem SIBdA ()] < UOIBSSID Surjows

[0s] [w/3Y ST < NG yHm udw Suowe PoAIdSqo A[UO UONEIDOSSY *(,W/SY §T < SA T >) INF Aq paynens pue [[e1oA0 opiaoid synsay
Sunyows Jo A10is1y Jeak-yoed (7 < & Sulaey se pauyap Joyows AABIH
[8€] oSBASIP PaoUBADE 10U INQ ‘[[RIOAO PUB D PIZI[EOO] YIIM PISOUTRIP UL Ul PIAIISGO SeM UONRIOOSSY “SISOUSRIP JO SUT) J& 9SBISIP PAOUBADE SA PIZI[BOO] AQ POYIENS PUE [[BI0A0 PIPIACId 910M S)NSY 4
doed Suny[em J0J UOHEIOOSSE ISIOAUL NG (JSM/SINOY) UoneINp JuD{[em JOJ POAIISGO UORIOOSSE O
(44 Bl J uonel 1nq (39am/sInoy) uonemp subyj J P qO uonel No
1] SuIsIoroxa Jo “j1om poyesnoy ‘SurjoAorq/ursjem Jo [£10) WOI Poye[nofed SN St pouyop sI JuIsIoloxy
] suIsl 30M PIOYasnoY “sUI[OAJIG/sU[eM JO | 4 paje[no] pauyap S sulst u
[LS ‘€51 INSDd 10U Inq SISBISLIOW QUOQ PIM UONRIOOSSE JURDIIUSIS AJ[Ro1snelS

[£L] eyens Joyno ur uorssaiSoxd pue [N U9IMIOQ PIAIISQO UONRIIOSSE OU Sem I ],
“0seasIp Juopuadapur-uaSoIpue Jou Inq oseasip Juepuadop-udSoIpue Yirm UsW Suowe NV YIm PajeIoosse A[osIoaur sem [N :(udpuadep Juopuadapur) souspuadop ueSorpue Aq poynEns d1om SISy

[92] erens yloq 10§ JuroyUGIs-uou A[eNSHEIS (SHYM ‘€/VV) 2081 Aq PayDeNS 1M SHNSAY

pajeroosse sem (IZ(HO)ST'T S[UM AV M Pajeroosse jou sem (qHO ST :AYAHO)ST'T Pue QHO ST paurtuexd Apmig ¢

INSOd A PIJRIOOSSE SeM I9UII0 Jet]) 90UaPIAd OU :JXHO)ST T PUe QHO ST paurwexs o] %Emp

[€8 ‘69 89 ‘59 ‘66 ‘S€ 7€ ‘6T ‘Tzl puan d ap1aoid jou pIp pue amsodx? paziio3)ed pajuasaid A[Uo sAIpmnys ‘pJII] ST JOUIPIAD EoumuﬁmL
Apuspuadapur 9-u pue ¢-u pajernjesun&jod paurwexs [ ‘7] saIpms 5

[01] s1oym e se uonendod Apmys
a1 UI JO OSEASIP POZI[EIO] JOU INQ ASEISIP PAOUBAPE LA PASOUTEIP USUI UT PIAIOSQO SEM UONBIOOSSY “SISOUSEIP JO AW J dSLISIP PIOUBAPE SA PIZI[EI0] Aq PINIENS PUE [[BIOAO PIPIAOID OIOM SHNSTY |

[#1 ‘011 91oym e se uonendod Aprys
U} UI JO OSBASIP POOUBAPE JOU IN(| SSEISIP PIZI[EOO] [PIM PISOUSEIP UG Ul PIAIOSO SEAM UOIBIOOSSY “SISOUSLIP JO W) J& ASLSIP PAOULAPE SA PAZI[e00] AQ PAYIENS PUE [[EI9A0 PApIA0Id d1om s)nsay

[#8 ‘81 “T1 01 ‘6 ‘9 “€] soIprus SuIMO[[0f Ay} UI PAAIGSQO (G()'() = ¢) POUBDYIUSIS [d1ISIE)S SUILIdPIOY |,

3SBASIP TR[NOSBAOIPIRD JO AIOISTY UMOWY INOYIIM UIW {¢¢ Jo dnoiSqns Suowre Annod passaoordun paurwrexs Afuo [¢] Apms

S[OPOU SO JO SUO UI OOUEDHIUFIS [Eo1}SHEIS PAYILAT A[UO ‘SO[QELIBA SNONUNUOD PUE [011050}Ed Sk aInsodxo pajen[ead [T ‘g1 ‘7T ‘L] soipmig ¢

ayeyur onsouderp-aid 1oy Jusunsn(pe yim uoneioosse JueoyIusis A[[eonsnels e pue 10y judusn(pe noyym uoissaisold yim UoneIO0sSe ou paAIdsqo [£] Apms ,

Arrepow og1oads-100ueo 9ye)sold ySHJ (SIuo[eAINba d1joqeIdw 77y ‘XOpul ssew Apoq ‘g (ANerow asned-[[e ‘Y S[oe[g/UedLawy-uedlyy ‘g/vy

[9¢] [9¢] 1eok-yoed 104

[6v] 1oxjows y31] sA AAOH

Lyl SLy] uonessao Supjowg

[+¥] [¢s] wl€S] wl€S TS 9Ot ‘vl [Lv] [ €S ‘16 ‘or] (104U SA) JOWLIO]

[8] [8] JLos] oS ‘st ‘svl (1OULIOJ/I0AQU SA) JUOLINY

wl€S

[¥] [¢s] TS O vl wl€6] [ss 16 “Ly “ov] [t “¢¢] (10A3U SA) JUDLIND

Supjowrg
QANISOJ N JSIOAU] QANISOJ N JSIdAU] QAIISOJ 1IN JSIOAU]

UoONeIdosse NIV UONBIOOSSE JAISDJ/SLISIP e ] UoNeI0SSE UOISSAIZ01d/20Ua1INd0y $10)9B] J1K)1SYI']

(ponunuoo) g dJqeL,

pringer

Qs



Curr Oncol Rep (2021) 23: 37

Page 130f20 37

Lycopene concentrations are higher in cooked than raw toma-
toes, which may explain why a protective association is only
observed for cooked tomatoes.

A single study of 926 men with non-metastatic disease in
the PHS examined PCSM and ACM and found no association
between tomato intake as part of a prudent diet and risk of
PCSM or ACM [5].

Two observational studies examined cruciferous vegeta-
bles [5, 17]. CaPSURE reported an inverse association be-
tween cruciferous vegetable intake and risk of PC progression
(HRq4 vs g1: 0.41; CI: 0.22, 0.76; p trend = 0.003) [17]. The
PHS found no association with either PCSM or ACM [5].

Recent findings from the Men’s Eating and Living
(MEAL) trial warrant discussion. MEAL randomized 443
men with low-risk PC on active surveillance to receive
counseling promoting consumption of > 7 vegetable-fruit
servings/day, including at least two servings each of crucifer-
ous vegetables and tomatoes [88]. During the 2-year interven-
tion, 245 events of progression were observed. Though the
intervention modestly increased daily servings of cruciferous
vegetables (between group difference at 24 months: 0.49; CI:
0.33 to 0.64; p < 0.01) and tomatoes (between group differ-
ences at 24 months: 0.14; CI: 0.03, 0.26; p = 0.02), it did not
affect risk of disease progression.

Overall, results for post-diagnostic intake of tomatoes/
lycopene and cruciferous vegetables and PC outcomes
are inconsistent. Nonetheless, it is prudent to encourage
PC survivors to include a wide variety of vegetables in
their diet for weight management and risk reduction for
many chronic diseases, including diabetes and cardiovas-
cular disease [86, 87].

Alcohol

Two studies examined post-diagnostic alcohol consumption
and PC outcomes [18, 19]. Only one, a Canadian study of 829
men with > T2 disease, considered recurrence, and observed
no association with total alcohol [19].

When examining PCSM, the two studies agreed there
was no association for overall trend of total alcohol or
liquor intake. However, the Canadian study observed a
positive association with moderate intake of liquor in
analyses excluding non-drinkers (HRs 37 vs > 0-< 0.9
drinks/week: 2.41; CI: 1.20, 4.84; p trend = 0.01) [19].
Conflicting findings were reported for other types of al-
cohol. A study of 5182 men with non-metastatic PC
from the HPFS observed a borderline statistically signif-
icant positive association with beer intake (HRs 7 s ¢
serving/week: 2.64; CIL: 0.58, 12.06; p trend = 0.05) and
an inverse association with moderate total wine intake
(HR3_< 7 vs 0 servingiweek: 0.53; CI: 0.26, 1.07; p trend =
0.03), which appeared to be driven by red wine (HR;_.
vs 0- 0.49; CI: 0.25, 0.97; p trend = 0.05) [18]. Notably,

the inverse association was not observed among men
with higher levels of wine intake. The Canadian study
found no evidence that total wine or beer were associat-
ed with PCSM [19].

Both studies also examined ACM and found no asso-
ciation with post-diagnostic total alcohol, beer, or liquor
intake [18, 19]. However, the Canadian study observed
an association with total alcohol (HRs 5 vs > 0-< 2 drinks/
day: 1.45; CI: 1.06, 2.00; p = 0.02) and liquor (HR> 3.7 vs
> 0-< 0.9 drinks/week: 1.82; CI: 1.20, 2.79; p trend = 0.01)
in analyses excluding non-drinkers [19]. The HPFS
found an inverse association with 3—< 7 vs 0 servings/
week of red wine (HR: 0.64; CI: 0.45, 0.90; p trend =
0.007) and total wine (HR: 0.57; CI: 0.40, 081; p trend =
0.08), though overall trend for the latter did not reach
statistical significance [18]. The Canadian study also ob-
served an inverse association with moderate total wine
intake (HRO'2,< 0.9 vs 0 drinks/week- 060, CI: 046, 079, p
trend = 0.01) that was not observed at higher levels of
wine consumption [19].

The limited data among PC survivors suggests a potential
benefit of red wine at modest intake levels (1/2—1 serving/
day). Men should limit total alcohol consumption to < 2
drinks/day, as excess alcohol damages the heart, liver, and
pancreas; increases risk of other cancers (including head and
neck, esophageal, liver, and colorectal); and weakens the im-
mune system [89]. This aligns with recommendations from
many cancer control agencies [1, 90, 91].

Supplements or Single-Nutrient Intake from Diet
Selenium

A single study within the HPFS examined selenium supple-
ments (mg/day) and PC outcomes and found an increased risk
of PCSM (HRE 140- 260, CL 144, 4.70. HR25,139: 133, CL
0.77,2.30. HRy_4: 1.18; CI: 0.73, 1.91 vs 0; p trend = 0.001),
but no association with recurrence or ACM [21].

Vitamin D

Three studies examined vitamin D (dietary intake or serum level)
and PC outcomes [10, 20, 22]. Only one, a study of 1476 men
from Seattle, examined recurrence/progression and found no as-
sociation with serum 25(OH)D [22]. All three studies examined
PCSM and reported no association with serum level or dietary
vitamin D intake [10, 20, 22]. Two of the studies examined
ACM outcomes [10, 20]. One, a study of 1119 men from New
South Wales, reported an increased risk of ACM among men
with higher levels of 1,25(0OH),D (HRq4 vs q1: 0.45; CI: 0.29,
0.69; p trend = 0.005) [20]. The other, a study of 525 Swedish
men, observed no association between dietary intake of vitamin
D and ACM [10].
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Calcium and Phosphorous

A single study from Sweden considered both dietary calcium
and phosphorous intake and observed no association with ei-
ther PCSM or ACM [10].

Overall, evidence on dietary supplement use or single-
nutrient intake and risk of PC recurrence or mortality is limit-
ed. Additional studies are needed to confirm the finding that
selenium supplementation is associated with an increased risk
of PCSM. Men with PC should follow the recommendations
of the American Institute for Cancer Research and the World
Cancer Research Fund and aim to meet nutritional needs
through diet alone [90, 91].

Obesity

Obesity is among the most extensively studied potential risk
factor among men with PC, and the evidence is inconsistent.
Regarding recurrence/progression outcomes reported between
2015 and 2020, six studies observed no association with body
mass index (BMI) [25-27, 31-33], while three reported a
positive association [28, 30, 34]. A report by our team
attempted to clarify the discrepancies in past studies by exam-
ining adjustment for clinical and, separately, pathological
characteristics in a population of men undergoing RP from
CaPSURE [27]. We hypothesized that residual confounding
by disease stage may partially explain positive associations
reported between BMI at the time of diagnosis and risk of
recurrence. We observed that with adjustment for disease se-
verity using metrics from diagnosis (biopsy) only, there was
evidence of a positive relationship between very obese men
(BMI > 35 kg/m?) and risk of recurrence [27]. However, when
we controlled for surgical pathology characteristics, the ob-
served association was no longer statistically significant.
Consistent with our finding, two of the three studies that found
an association between BMI and risk of recurrence did not
adjust for pathologic features [30, 34]. Four of the six studies
that reported no association adjusted for pathologic features
[25-27, 32]. Such data suggest that obesity influences tumor
aggressiveness earlier in the natural history of prostate cancer
and are consistent with a larger body of evidence implicating
pre-diagnosis BMI in healthy populations and risk of fatal
prostate cancer [92].

Seven studies published between 2015 and 2020 examined
BMI and PCSM [23, 24, 26,29-31, 34]. Only one—a study of
1442 men treated with intensity modulated radiation therapy
for localized disease, and therefore lacking pathologic mea-
sures of disease severity—observed an association
(HR continuous: 1-15; CI: 1.07, 1.23; p < 0.001) [34]. Three
additional studies published before 2015 also reported
a positive association, only one of which controlled
for pathologic metrics [57-59]. The two studies that
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considered waist circumference and waist-to-hip ratio
found no association [23, 29].

Five studies published between 2015 and 2020 examined
BMI and ACM with mixed results [23, 24, 27, 29, 34]. Three
of these reported a higher risk associated with higher BMI
(HR> 35 vs 18.5.25: 1.70 (1.12, 2.60), p trend = 0.001.
HR ¢ontinuous: 1.05; CI: 1.02, 1.08; p = 0.004. HR e 5.unic:
1.07; CI; 1.02, 1.12; p = 0.01) [24, 27, 34]. The two others
observed no associations with BMI, waist circumference, or
waist-to-hip ratio [23, 29]. There were numerous older studies
that reported similarly null findings between BMI and ACM
among men with PC (Table 2).

Evidence is mixed regarding if obesity measured following a
PC diagnosis is associated with worse PC outcomes, and further
research is warranted regarding whether weight loss among PC
survivors who are obese offers PC-specific benefits. Nonetheless,
given the relationship of obesity with other chronic diseases,
including other malignancies and heart disease, men should be
counseled to reach and maintain a healthy weight.

Physical Activity

Multiple studies have examined various forms of post-
diagnostic physical activity (PA) in relation to PC outcomes
(Table 2). Only three of these considered recurrence/
progression outcomes with mixed results [37, 40, 42]. Two
examined different types of PA in the same cohort of 237
Canadian men on active surveillance [37, 40]. These studies
demonstrated a lower odds of disease reclassification (OR -
0227 vs < 46.62- 0.43; CL: 0.21, 0.88; p trend = 0.027) but not risk
of progression, with higher MET-hour/week of total PA, as
well as lower odds associated with vigorous PA (OR ..  vs o:
0.42; CI: 0.20, 0.85; p = 0.016) [37, 40]. In contrast, a
CaPSURE analysis of 1455 men with localized disease found
no association between vigorous PA and risk of PC progres-
sion. However, few men engaged in vigorous activity in this
population, and brisk walking pace was associated with a
statistically significant 57% lower risk of progression [42].
Six studies examined PA and PCSM with generally con-
sistent findings of benefits for PA (Table 2) [35, 36, 38, 39, 41,
43]. A HPFS study of 2705 men with non-metastatic PC and a
US-based study of 1354 men with localized disease reported
an inverse association with vigorous PA (HR: 3 vs < 1 hweek:
0.39; CI: 0.18, 0.84; p trend = 0.03. HR> | vs < 1 time/week: 0-63;
CI: 0.42, 0.95; p = 0.029) [36, 43]. A Canadian study of 830
men with stage > T2 PC reported a 44% decreased risk for
recreational PA and PCSM (> 26 vs <4 MET-hours/week, CI:
10-65%) [39]. An additional study in the CPS-II cohort sim-
ilarly reported a statistically significant 31% decreased risk of
PCSM associated with recreational PA [38]. A 2015 study of
4623 Swedish men with localized PC reported a 32% reduc-
tion in risk of PCSM for > 1 vs < 1 h/week of exercise after
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diagnosis (CI 6-52%); a similar benefit was reported for
walking/biking > 20 vs < 20 min/day, but not for total recre-
ational physical activity or household work [41]. While there
has been variability in the type, duration, or intensity of PA
associated with PCSM benefits, these reports suggest that PA
offers benefit for reducing risk of PCSM.

Five studies examining PCSM also examined ACM and
overwhelmingly reported an inverse relationship with PA
[35, 38, 39, 41, 43]. The risk reduction comparing the highest
to lowest PA categories were as follows: 42—62% for total PA,
35-49% for vigorous PA, 14-37% recreational PA, and 7—
30% for walking/biking [38, 39, 41, 43].

In summary, there is strong evidence that increased PA fol-
lowing PC diagnosis is associated with lower risk of PCSM and
ACM. The 2018 National PA Guidelines in the USA recom-
mend that adults do > 150 min/week of moderate-intensity or >
75 min/week of vigorous-intensity aerobic PA. These guidelines
report lower risk of PC mortality as a health benefit associated
with regular PA for PC survivors [93¢]. In addition, clinical trials
have shown that PA improves bone mineral density and quality-
of-life among men undergoing androgen deprivation therapy for
PC [2¢]. Considering the totality of evidence, we recommend that
PC survivors engage in regular PA. Trials are underway to de-
velop interventions to help men with PC meet PA goals, while
considering a man’s current capabilities and health-related con-
cerns (see Table 2 in ref. [2¢]).

Smoking

Multiple studies have examined the relationship between
smoking and PC recurrence/progression and PCSM
(Table 2). There is overall agreement that men reporting
smoking following diagnosis are at higher risk of recurrence/
progression and PCSM compared to never smokers [44, 46,
47, 51-53, 55].

Some evidence exists that the duration of smoking cessa-
tion may affect the risk of PC outcomes among former
smokers. Specifically, an Austrian study of 6538 men with
localized PC reported that former smokers who had quit >
10 years prior had a similar risk of recurrence as never
smokers, but those who had quit < 10 years prior were at
increased risk of recurrence [47]. Results from a US-based
study of 752 men for the outcome of PCSM support this
conclusion, though results did not reach statistical significance
[52]. Limited data on former smoking duration and dose may
account for the mixed evidence regarding whether former
smokers are at an increased risk for poor PC outcomes [44,
46, 47, 51-54].

Fewer studies examined ACM outcomes [44, 48, 53, 56].
A Canadian study of 434 men with localized disease found no
association between former or current smokers and ACM,
though it was limited by a short follow-up period (median
70 months) [53]. As expected, all other studies found a

statistically significant increased risk of death associated with
smoking [44, 48, 56].

In summary, current smokers are at an increased risk of
disease recurrence/progression, PCSM, and ACM. Men who
smoke should be provided with resources to help them quit to
improve their PC-specific prognosis and overall health.

Diversity of Study Populations
Race/Ethnicity

AA/B men experience higher rates of PC incidence and mor-
tality than men of any other race/ethnicity. In the USA, the rate
of PCSM is more than twofold higher in AA/B vs White men
(40.8 vs 18.2 per 100,000 in AA/B and White men, respec-
tively) [94]. Despite this fact, existing evidence on post-
diagnostic modifiable risk factors has been collected almost
exclusively in White populations. Characteristics of 33 recent-
ly published (2015-2020) studies are shown in Table 1; 13 did
not report the racial/ethnic distribution of their study sample
[10, 19, 21, 29, 32, 34, 35, 37, 38, 41, 45-47]. An additional
seven dichotomized race as White/Caucasian vs other (all >
92% White) [4, 5, 12, 18, 24, 31, 39]. Only six included >
10% AA/B/African-Caribbean men [23, 26, 28, 30, 33, 44].

Few studies have examined whether the associations between
lifestyle factors and risk of PC outcomes vary by race/ethnicity.
The two that provided results stratified by race (AA/B vs White)
both examined BMI as the primary exposure [26, 33]. The first
was a study of 5929 (33% AA/B) men treated via RP that ob-
served no association between BMI and PCSM or recurrence,
overall or in either race/ethnicity stratum [26]. The other was a
study of 647 men that reported a positive association between
BMI>30 vs BMI < 30 with PC recurrence among the 363 White
men (HR: 1.80; CI: 1.09, 2.96) but not among the 284 AA/B
men (HR: 1.10; CI: 0.69, 1.76) [33].

Although limited, a few studies have identified mortality dis-
parities among other underrepresented racial/ethnic minority
populations. For example, Puerto Rican and Mexican
American men may have an increased risk of PCSM compared
to White men [95, 96]. Future studies should report race/ethnicity
for their study population and test for effect modification by
race/ethnicity when numbers allow. Deliberate and targeted re-
cruitment of AA/B men and other high-risk populations into PC-
related studies is crucial. In the interim, it should be a priority to
identify existing data sources with a sufficient proportion of AA/
B men and other underrepresented racial/ethnic minorities to
begin to address these questions.

Education

We intended to examine educational attainment as a measure
of socioeconomic status; however, only 10 of the 33 recent
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studies (2015-2020) reported education levels of their study
populations [3, 9, 19, 23, 24, 33, 35, 36, 39, 41].

Cohorts

Most of what we know regarding diet and lifestyle following a
PC diagnosis comes from a limited number of cohorts. Table 1
displays literature by exposure, consisting of 64 (non-unique)
studies. The HPFS, CaPSURE, and PHS-II account for one-
third (n = 22) of these (note, EVB, SAK, and JMC were
authors on many of these papers). An additional 15% (n =
10) are from CPS-II, the Shared Equal Access Regional
Cancer Hospital (SEARCH) database, and Royal Marsden
Hospital. Finally, many of the exposures were examined by
only a single study (Table 2), highlighting areas where repli-
cation and confirmation is needed.

Future Direction

In summary, research to date on post-diagnostic lifestyle fac-
tors and risk of PC recurrence and mortality has been limited
to a few cohorts of predominately White men. Large cohorts
that are racially/ethnically, geographically, and socio-
demographically diverse are necessary to advance this field
of research.

Conclusions

In this review, we focused on observational evidence of post-
diagnostic modifiable diet and lifestyle factors in relation to
PC outcomes. Though randomized trials are the gold standard
for determining causation, many diet and lifestyle behaviors
are not suitable/ethical (e.g., smoking) to randomization.
Furthermore, long-term and slow-acting exposures may re-
quire extended follow-up periods to observe outcomes of in-
terest, which may preclude study in a randomized setting.
Overall, the evidence reviewed suggests that following a PC
diagnosis, men should be counseled to increase physical ac-
tivity and quit smoking, consistent with general health recom-
mendations. Additionally, it may be prudent for men with PC
to minimize whole milk/high-fat dairy intake; for those who
consume alcohol, consider moderate consumption of red wine
(e.g., /2 to 1 glass/day) over other types of alcohol, and aim to
meet nutritional needs through food rather than supplements.
Future research that includes more diverse populations, par-
ticularly AA/B men, is needed.
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