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Diet and Survival After Prostate Cancer Diagnosis
Susan E. Berkow, PhD, CNS, Neal D. Barnard, MD, Gordon A. Saxe, MD, PhD,

Trulie Ankerberg-Nobis, MS, RD

Prostate cancer is the most commonly diagnosed non-
skin cancer in men in the United States. Among
environmental factors, diet may play a particularly
important role in its incidence, progression, and clin-
ical outcome. This article reviews the findings of eight
observational studies and 17 intervention or labora-
tory trials on the effect of plant-based diets and plant
nutrients on both the progression and clinical out-
come of prostate cancer as well as additional studies
examining mechanisms that may explain dietary ef-
fects. While additional long-term therapeutic clinical
trials are needed to further elucidate the role of diet,
these early investigations suggest that a recommen-
dation for individual patients to shift their diets to-
ward plant foods may serve as an important compo-
nent of the tertiary treatment of prostate cancer.
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INTRODUCTION

In the United States, prostate cancer is the most
commonly diagnosed non-skin cancer and the second
leading cause of cancer-related death in men after lung
cancer.'? Evidence suggests that environmental factors,
particularly diet, may play a role in prostate cancer
incidence and mortality. Comparison of age-standardized
incidence rates shows dramatic international variation in
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risk of prostate cancer. For example, the rate in Qidong,
China, is only 0.5 per 100,000 men, compared with
111.2/100,000 for Caucasian men in Atlanta, Ga, USA,
and 142.3 per 100,000 for African-American men in
Atlanta, Ga, USA (relative risk 222.4 and 284.6, respec-
tively).?

Significant increases in prostate cancer risk have
been observed in Asian and other low-risk populations
upon migration to the United States.>~® Prostate cancer
rates in Japanese men increase 4—9-fold within the first
generation and by the second generation the rates ap-
proximate those of the US-born population.* Similarly,
the incidence of prostate cancer is significantly lower in
Western Africa than in the United States, yet African
Americans who trace their origins to this region experi-
ence a 50% higher incidence of prostate cancer than
white Americans.” Recently, Sim and Cheng® attributed
the observed 5-118% rise in the incidence of prostate
cancer in various Asian countries between 1978 and
1997 to the gradual Westernization of the diet.

Epidemiologic studies have indicated significant as-
sociations between specific foods and nutrients and pros-
tate cancer risk. In large population studies performed in
over 60 countries,”'''* as well as in prospective cohort
studies,'®'>!'*  intake of dairy products,”’14 red
meat,'>'? and total dietary fat,>'%!" have been found to
be positively correlated with increased risk of prostate
cancer. In contrast, consumption of soy products,'"!
fiber-containing foods,'"'® cruciferous vegetables,
and lycopene'®?® has been reported to be inversely
associated with prostate cancer risk. Diet may also play
a role in the course of the disease after diagnosis.
Investigators have assessed the effect of diet on indices
of prostate cancer progression, as well as on clinical
outcome, in epidemiologic, laboratory, and intervention
studies. This review reports on the findings published to
date and suggests dietary approaches for potential im-
provement in prostate cancer prognosis and survival.

17,18

LITERATURE REVIEW

A MEDLINE (National Library of Medicine, Be-
thesda, Md, USA) search was conducted for studies
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published on the relationship between prostate cancer
survival and diet using the following key words: diet,
prostate cancer, prostate, cancer, prognosis, survival,
recurrence, and mortality. The studies included in the
review were limited to human studies published in the
English language for the period catalogued since 1966.
The bibliographies of articles were searched for addi-
tional relevant articles. All reports that met the criteria of
directly addressing the relationship between diet and
prostate cancer survival were included. This search
yielded eight observational studies and 17 intervention or
laboratory studies.

OBSERVATIONAL STUDIES

Two observational studies examined the associa-
tions between dietary factors assessed shortly after diag-
nosis and death from prostate cancer.”’** One study
prospectively examined the relative risk between diet
and fatal prostate cancer.”” Three studies examined as-
sociations between overall dietary intake and progression
of cancer,'*?*?> one examined trends between adoles-
cent dietary intake and subsequent adult disease risk,*
and another examined the effect of self-selected macro-
biotic diets on survival and disease status.’’ Table 1
summarizes the findings of these observational studies.

Meyer et al.®' and Bairati et al.** reported on the
relationship between dietary fat intake, as assessed using
questionnaires for food frequency and diet history at the
time of diagnosis, on cancer progression and 5-year prostate
cancer survival in a group of men in the Quebec City area
of Quebec, Canada. After controlling for grade, clinical
stage, initial treatment, age, and total energy intake, men
with higher percentages of energy intake from saturated fat
were observed to have an increased risk of death from
prostate cancer, compared with those with lower intakes.’
Among men with the highest intake of saturated fat, the risk
of dying from prostate cancer was three times higher than
that of men with the lowest intake (>13.2% vs <10.8%) of
total energy. Bairati et al.,>* using participants with local
disease to serve as the comparison group for those with
advanced disease for all analyses, reported that saturated fat
intake was also found to be the dietary component most
strongly associated with prostate cancer progression. In-
verse associations were observed between the finding of
advanced cancer at the time of diagnosis and polyunsatu-
rated fat and linoleic acid intake. Similar findings were
reported in a population-based case-control study per-
formed in the US state of Utah.? In that study, the reference
period for dietary intake history was 3 years prior to
diagnosis. The most significant association between dietary
intake and tumor aggressiveness, as defined by tumor grade
and stage, was observed for dietary fat. A positive associ-
ation with prostate cancer progression and total and satu-
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rated fat and an inverse association with mono and unsat-
urated fat have been observed in many®*'***<° but not
all*'~? studies. The cause for inconsistencies in the findings
among these reports is not clear. However, they may reflect
non-respondent bias or difficulty in recall; they may also be
the result of overly brief questionnaires.?® For example, the
findings of no association between high-fat*® or vegetari-
an®* diets in early childhood with the risk of metastatic
prostate cancer in adulthood may have been artifactual,
resulting from reliance on inaccurate recall of diet in the
distant past.

In order to determine the relationship between pre-
diagnostic diet and prostate cancer survival, researchers
looked at structured diet-history questionnaires encom-
passing 200 food items consumed during the 12-month
period prior to diagnosis from men newly diagnosed with
prostate cancer from Vancouver and Toronto, Canada.??
Following adjustments for clinical stage, histologic
grade, and demographic factors, higher total pre-diag-
nostic energy intakes were associated with a lower risk
of death from prostate cancer over 7 years of follow-up.
Significantly lower risks of dying from prostate cancer
were observed in the men in the highest compared to the
lowest tertile of monounsaturated fat intake. Association
of risk of death from prostate cancer and vegetable fat
intake followed the same pattern as risk of death from
prostate cancer and monounsaturated fat intake. These
associations parallel those reported for diet and risk of
progression of prostate cancer.”*?

Chan et al."* examined post-diagnostic consumption of
red meat, grains, vegetables, fruits, milk, tomatoes, tomato
sauce, and fish in subjects from the Health Professionals
Follow-up Study. Increasing the post-diagnostic consump-
tion of tomato sauce by two servings per week resulted in
an inverse linear relation with the risk of progression. A
similarly increased consumption of fish also resulted in
decreased risk of progression. Increasing consumption of
either fish or tomato sauce by one serving per day was
associated with an approximate 50% lower risk of progres-
sion, independent of pre-diagnostic diet or other post-diag-
nostic foods. The apparent effect of fish intake on decreased
risk of progression is unclear; however, it may be due, in
part, to the omega-3 fats, docosahexaenoic acid, and eicos-
pentaenoic acid content of fish.

Carter et al.”” compared nine men with metastatic
(stage D2) prostate cancer who opted for a macrobiotic
diet after prostate cancer diagnosis with nine men who
did not alter their diets. The subjects were matched
according to age, Gleason score, and treatment. The
macrobiotic diet (10-12% fat), as modified for cancer
patients, was composed of 50—60% whole cereal grains,
25% vegetables, 15% beans and sea vegetables, and 5%
miso soup. Mean length of survival was 177 months
(median 228 months) for patients who adopted a macro-
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Table 1. Summary of Observational Studies of Prostate Cancer (PC) Survival and Diet

No. of subjects

Reference (age) Study design Length of time Results
Chan 329 (40-75y) Prospective study 12y Inverse relationship with increasing post-
(2006)'* examining post- diagnostic consumption of tomato
diagnostic diet and risk sauce and risk of progression of PC,
of PC progression HR=0.56 (0.38-0.82); men in highest
vs. lowest quartile of consumption had
a 40% reduced risk of progression
HR=0.73 (0.52-1.02)
Meyer 384 (=45 y) Prospective study of Sy Saturated fat consumption was associated
(1999)?! association between with disease-specific survival (2-sided,
dietary fat intake and P=0.008). Risk of dying from PC was
PC survival 3 times greater in upper-intake tercile
vs. lower-intake tercile RR=3.1
(1.3-7.7)
Kim 263 cases Prospective study of 4-6y Lower risk of death associated with
(2000)*? (63.3-76.6 y) association of lowest tertile of monounsaturated fat
prediagnostic energy, fat intake HR=0.3 (0.1-0.7) (P trend=
and vitamin A intake, 0.01). Highest tertile of enegy intake
and survival from PC associated with lowest risk of death
HR=0.1 (0.01-0.6). Vitamin A intake
not associated with risk of death
Hsing 17,633 (=35 y) Prospective study 20y No dietary factors associated with fatal PC
(1990)% associating diet and risk
of fatal PC
Baitati 384 (=45 y) Retrospective case study Within 1y Highest quartile of fat intake vs. lowest
(1998)** evaluating influence of diagnosis TO=2.15 (1.14-4.04). Proportional
diet on advanced PC increase with saturated fat intake
TO=1.24 (1.02-1.51). Inverse
association between advanced PC and
PUFA TO=0.88 (0.73-1.07). Positive
trend for total animal fat intake
TO=1.20 (0.99-1.46). Negative trend
for total vegetable fat intake TO=0.84
(0.70-1.01)
West 356 cases Population-based case- 3-y period prior In older males (68—74 y) dietary total fat
(1991)*° (45-74 y), control study to to diagnosis had the strongest association with
679 controls investigate association aggressive tumors OR=2.9 (1.0-8.4);
of dietary energy, fat, followed by saturated fat OR=2.2
protein, vitamin A, 3- (0.7-6.6), monounsaturated fat OR=3.6
carotene, vitamin C, (1.3-9.7), and polyunsaturated fat
zinc, cadmium, and OR=2.7(1.1-6.8). Other dietary
selenium with PC constituents had little or no association
Slattery 362 cases Case-control study Cases identified Elevated risk of developing aggressive
(1990)>° (45-75y), assessing reported food within 6 w of tumors associated with high saturated
685 controls consumption patterns as diagnosis fat diet as adults OR=1.8 (1.0-3.2).
(<65y) adolescents and adults No association observed with adolescent
on risk of developing diet
metastatic PC as adults
Carter 9 cases (46-88 y),  Retrospective case- ly Mean length of survival time = 177
(1993)%7 9 controls controlled study months (cases) vs. 91 months (controls);
(46-88 y) examining effect of OR=1.6 (-2.39-3.33) (Woolf) =2 mg

consumption of a very

low-fat, high-fiber, low-

energy “macrobiotic”

diet on survival after PC

diagnosis

lutein plus zeaxanthin vs. <0.8 mg
OR=0.68 (0.45-1.00)

Abbreviations: RR, relative risk (95%CI); TO, trend odds ratio (95%CI); OR odds ratio (95%CI); HR, hazard ratio (95%CI)

Nutrition Reviews®, Vol. 65, No. 9

393



QUO0I9)S0ISA) I UI UOTIONPAI
s Apuedyrugis 9)e[o110d jou pIp YimolId
dEDN'T UL 9SBAIII(] 4 WINIIS UOTJUIAIIUL

-1sod p [T Jo 1Y) UBY) SSO[ %G| SeM A Tl
J10J UQWISAI UO UdW WIOJJ WIS Ul YIMOIT

1199 dBDNT s Uonuaalajuraid o1 paredwod
9%0€ AQ PONPaI Sem UOTIUSAIUL P-T] UE

I9)Je UQW WOIj WNIAS UI PIMOIS [[30 JeDN'T

(T0°0=d) %01JOE-4xE-ddADI Ul dseaIoUL
uedwW (10 0>d %S— ‘URIPIW) dUOII)SOIS)
921J OW ()'¢ SA OW €9'9 = J[J, UeIpaw
$(90'0=d) auleseq ‘sA ow ¢ = uoneguojoid

UBIpIW O0W ¢'[] = [PV Sd UBIPIN

(uomyuaArdUL)

ow ¢'Z11 01 (Apmis-axd) owr g1

WOIJ PASBAIoUl oW uIqnop ySd UBIPIN
w5 Apms 03 Jo11d 0) paredwod uonuaAlaIUI

Sunmp sso[ sem yYSd JO 9SH JO ey

A1oAn2adsal ‘(co 01

8L ‘TO%S6) (101 01 L€ ‘TD%S6) Sypuowt
L'L1 0} G'9 WOIJ pasearour awr Jurqnop
UBIPIW Pajewnss 3yl pue (10'0=d)

$100[qns § UI paseaIddp YSd Ul OSLI JO ajey

s dNOIZ
[01u0d 9y} 01 paredwod dnoi3 uonuIAIUL
9Y) WOIJ WNISS AQ 9IOW 094 ()9 PAIQIYUT Sem

S[[99 dBDN'T JO yimo1n "(910°0=d) dnoid
[01u0d Ay} ur 9,9 Aq pasearour pue dnoid

[eruowiLIadxa 9y} Ul 94 AQ pasealddp VSd

K1oAnoadsar

“x %91 PUB%TT £q IMOIT [[00 JEDN'T
pasearour A9y} Inq ‘sjo3uod 03 paredwiod
$300[qQns ur S[[@d ¢-Dd Pore[NWNS [OIPENS?
IOU QUOIQ)S0ISA) IQYIION 44 S[OTIUOD

JO 1By} URY) JOMO[ %6 PUR 4, WINISS
PoIB[NWNS-WINISS QUIAOQ [B19] URY) IOMO]

%01 Sem wnIas 302fqns ur Yimois [[29 JeDN'T

SQUI [99 Dd PaysIqelss jo
IMOIZ PIje[NUINS-WNIOS
uo 9s1019x9 snid 191p 1oqy
-y31y yeJ-mo[ ‘paseq-juerd
Jo uondwnsuod jo 109j30

K9l SAP 11 :[eLI) [EOTUI[O PIZIWOPUBIUON

sjueprxonue + urdjoid Kos
+ 18] MO[ 17 dais ‘sauo[ed
Jo 961 18y mof 1] dorg
Dd JUSIINDAI YIIM
uowl ur ySq ur a3ueyd
Jo 1.1 121p 19qy-y31y ey
pajeInies-moj ‘paseq-jueld
e im Suofe S JO 199550
ow 9 :[eLI) [EOTUI[O PIZIWOPUBIUON
Dd JUSIINDAI YIIM
uowr ul ySq ut a3ueyd Jo
9Jel1 uo Ja1p I0qy-y3Iy ‘jeJ
pajeInies-moj ‘paseq-jueld
e im Suofe S JO 199550
ouw § :[eLI) [EOTUI[O PIZIWOPUBIUON

ow ¢l ‘URIPIN

sjuaned DJ pareanun
ur ySq uo sa3ueyd
uo joddns YS yim
19Ip UBZOA JBJ-MO] JO 109JJ0
K1 {[BLI) [BOTUI[O PAZIWOPURY

SOUI [99 Dd PaysIqelss jo
IMOIS PIje[NUINS-WNIOS
uo 9s1019x%9 snyd 191p
19qy-y31y ‘1eJ-MO[ ‘paseq
-uerd jo uondwnsuod
:[eLI) [EOTUI[O PIZIWOPUBIUON

(K 07—9 “o3uer)
KTyl uedN

(£ 08-8¢) L
:Aesseolq 10J [01UO0D
(£ 08-19) ¥ :Jonu0d

uaned (£ $366)
€1 ‘UOTIUIAIU]

(K 1L)
Q1 :uonuaaaur dojs-g

(£8.-19) ¥1

(£8.-19) 01

(K 8%L9) 6V
:Jonuod (A £369)
¥ JUOTIUSAINU]

(£ €3°09) #1 :[onuod
(A $FHCS) 8 ‘uonuUAAINUL

‘[e 19 JnyowL],

0p(€007) soziuadg

6¢(9000)
‘Te 10 oxes

4¢(1000)
‘[e 19 axes

,£(S002)
‘Te 12 ysmIQ

0¢(T00T)
‘[e 19 JnyowA],

S)NSAY

awmn Jo Ysud| UONIUIAINUI/USISI(

(98e) s303fqns jo ‘oN

NUIYY

181 pue |eAlAINg Jadue) 8]e1S01d UOo salpnlgS uoljuaAielu] JO \CMEEDW "¢ °lgel

Nutrition Reviews®, Vol. 65, No. 9

394



poonpax

QIOM 445 STOAR] VS WNIdS PUe “(€0'0=d)
a3ewep 2AnEPIXO Anssn ‘(SO0 0=d)
aSewep YN 2AIBPIXO K00N]

s JOYSIY 9I0M SUOIIBNUAIUO0D dud0dA]

91e)so1d pue WNISS ‘UOTIUAIUI 1)V

sdno13 (1000'0=d)

[0nuod pue (700 0=d) UONUIAIIUL

ur paseardsp (JgA0] euwse[d ‘sdnoi3 jonuod
SA Judu)edn Ul (€000 0=d) PaseaIddp

1, 1-d9D1 Jo s[aao[ euwse[d pue (7Z'0=d)
(9% G SA 95()8) IQ[[eWS dI9M SIown]J,
(TT0=d) S[OTU0D Ul 9%} JO dSLAIOUI UB

0} paredwod dnoi3 uorIUAAINUI AY) UL %]

£Q POsBAIOAP S[OAJ] VS UBOUW ‘SYoam € IV

QUO0I19)S9) [810) UI SQOUIAJJIP
OU 9IOM QY] 44 SYIUOW § JB PISBAINAP
wnijayide usuaq ur sajel UONBIJI0I]
-auraseq 01 paredwod se ‘dn-mojoJ

Je POAIISQO 1M (010 0=d) [0191Sa[0Yd

pue (Z000'0=d) VSd Ur suononpay

Ja1p 9y} uo sAep Jo Joquunu

M PIJeIdosse a1am (L10°'0=d) stsoidode
pPue (6+0°0=d) 2ve1 uonerdjijoid ay

y1oq nq ‘dn-mo[[oJ 18 yYSd Ul SOOUIJJIP
OU QI9M QIYJ, "S[oNu0d 0} paredwod
s10alqns pajean ur ss9[ aIom ,UdToIpUER 931)

pUE ,[OISISO[OYD WINIAS *,OUOIIS0ISA) [BIO,

sjuaned Ul PasLAIIAP

anssn oneisodd ur uotssardxe Z-x (D onssn
asodipe ur jou Inq ‘(700 0=d) onssn [ean|3
pue (200" 0=d) ewserd ur soner proe Kjej

0-B3OWO/¢C-BFOWO Ul ISBAIOUL UB SBM Y],

Dd Pazieoo] yim sjuarjed
£q saysip eised paseq
-Q0Nes OJeWO) Ul PAWNSUOD
Kep/ouadooA] 3w ()¢
m ¢ :[eLI) [EOTUI[O PIZIWOPUBIUON

Od PaZI[ed0[
s syuened Aq pawnsuod

joenX? se auadodA] Aep/Swt
M ¢ 0€ :[eLD [BOIUIO PIZIWOPURY
wnijoyde
u3uaq uo 30919
aurwexs 03 syuaned DJ
0] poJ 101p pajusweddns
-pa9s xep ‘1eJ-moj
ow g [eL [BOIUI[D POZIWOPUBIUON

S[OTUOD [BOLIOISIY IIM
payorewr Awolo9reysord

Sunreme sjuaned DJ

0] poJ 101p pajuaweddns

PLL -pa9s xep ‘1eJ-moj

10 P €1FvE “[BL [ESTUI[S PazItuopuey
Dd Pejeanun M uaw
0] poJ 191p pajusweddns
-[10 ysy Jej-mo[

ow ¢ :[eLI) [EOTUI[O PIZIWOPUBIUON

(£ T9FL°€9) 0¢

(£ 8150729 11
;Jonuod ‘(£ 6'1F£79)
G] :UONUIAIAN]

(KTT1FS19)
G ‘UOTIUIAIU]

K 0LF119) ST
;Jonuod (£ 0'8F€°€9)
G ‘uonuaAIuUy

(A €8—9) 6 :uonuUAAINUL

6<(1002)
‘T8 19 uay)

4<(2000)
‘I8 19 Jnony|

0c(¥000) ‘T8
19 poLIjouYE A\
Srewaq

6»(1000) T®
19 poLIjouYE A\
Srewaq

¢(1007)
‘[& 1 UOSuoIy

S)NSAY

awmn Jo Ysud| UONIUIAINUI/USISI(

(98e) s303fqns jo ‘oN

NUIYY

(Pauo)) " al1qelL

395

Nutrition Reviews®, Vol. 65, No. 9



s100[qns 76/1¢
ur 90$= AQ S[9AS] Y Sd 99npar 10U pIp Dd

I0J JuaUI)BaI) J[OS SB JOBIXS YOLI-UI)SIUAS

9109S UOSBI[D) IO ‘QUOIIS0)SI)
‘VSd wnias juswean-isod pue -aid

Ul QOUSIDJJIP JuedyIusts oN (§100°0=d)
sjonuod 01 paredwos dnoid jusunean

ur 1918213 sem sisoydode jo eouaprouf

yAPWHO-S 10 “¢¢-dgdD1

‘, 1-dDI ‘UO0I2IS01S3) JO S[QAJ] WINIAS Ul
a3ueyd jueoyrugis oN (10°0=d) sdnoi3 [fe
Ul pasealddp ySd Jo asu jo aey II dnoid
ur asoy} Jo 9,G¢ ur pue [[ dnoi3 ur sjuened

JO 9€8 Ul PALINOI0 YSd JO UONRZI[IqR)S

PoAIasSqo d1am Z-grogord

10 YSd SIOYIBWOIq WNIJS U SISBAIOP ON

S[OIIU0D URY) IOMO[
%01 Aerewrxoidde Lifeliow pue 1omof
991 sem Aj[eliow pue DJ JO OUIPIOUL

‘syuowopddns yjoq Juraredar syoafqns Suowry

‘sjonuod 0) paredwod uoneuaweddns
QuQ)OIBI-g 3UIAIROAI 9S0Y) Fuowe (968—
01 %0€~ 1D%S6) 1YSIY %G sem Aijenour
(%6S— 01 %y 1D%S6) U %ET

SEM QOUQPIOUT D "S[ONU0d 0} paredwod
[010yd0203-0 3uIA1a991 9s0Y) Suowe

punoj sem (91— 01 %S9— 1D%S6) Aerrour
1OMO[ %11 PUB (%T1— 0V %Ly— 1D%S6)

Jd JO 20Uaprour ay) Ul 3SLAIdP 9 C¢ V

S[9A9] VSd
uo (JOBINX3 YOLI-UIISIUAT)
UIABPJOSI KOS JO 199)J°
ow g [eL [BOIUI[D POZIWOPUBIUON
Dd onejsejowruou
s syuened o)
UQAIS SQUOARPJOSI AIR)aIp

P ¥S—L POATIOP-ISAO[O PAI JO 103]J9
“a8uer) p 07 JeLn JROTUI[O POZIWUIOPURIUON
Aderoyy

QUOWLIOY FUIAIIAI (¢

10 ‘Adeioy) [eo0] FuImol[0f
VSd Sulsearour yim (g
‘VSd SuIsL yaim pasouselp
A1mau (1 1oy1e syuaned

(ow Dd 01 UaAI3 QUOARPOSI KOS
9—8°0) oW G'G :[eLI) [EOTUI[O PIZIWOPUBIUON
SIOYIEUIONq

Od U0 VSd PaleAd[e M
uow uo (dsSp) 28e1oadq
urajoid Los jo uondwnsuod
JO S109JJ9 :[BLI) JOAOSSOID

M 9P 9 PUI[Q-9[qNOp PIZIWOpuLy

SIoYOwsS S[eul Uo
1939303 10 Afereredas toypre
uonejuowd(ddns sugjored-g

(£ 8—¢ pue [010ydos0}-0 JO 109}

‘@3uer) £ 19 :[E11) PI[[ONUOD PAZIWOPURY

(K ¢68119) 79

(K €6709) 8T

:Jonuod (£ 9°9FG°09)

Q] UOTJUSAINU]

(£28-69) 1§

(K €TF€69)
LT/L1 :UONUSAIIU]

€LSYT -10nuod
{09S‘y] :eualoIed-g

‘696G ([0NU0d
QG 11 :1019ydoo03-0

¢, (¥000)
‘T8 19 QI9AID

2.(2002)

‘Te 10 pairef

1.(€002)
‘[e 10 uressnyy

40(1000)
‘Te 19 ueqin

«o(8661)
‘[& 10 USUOUIOH

S)NSAY

awmn Jo Ysud| UONIUIAINUI/USISI(

(98e) s303fqns jo ‘oN

NUIYY

(Pauo)) " al1qelL

Nutrition Reviews®, Vol. 65, No. 9

396



IIBUWL SSNS SANBPIXQ),
urdjoxd Furpurq I10)0B§ YIMOI3 SNI[-UINSU
[-10J00B} [3MOIT SNI[-uInsuf, ,

UonONpaI SSANG,

100°0>d s
10°0>d s
S0'0>d«
PojoQjjeun sem uwn
Surqnop vsd "(#0'0=d) paseardap VSd Jo osealoul
os[e YSd 991) pue )0} Jo sadofs JO 9Jel UO JuULIESIEW IIMm
“(TE€/17) PaseaIoop Xapul ua3oipue 3uore (wniaa) ageIaadq
woym ur uow uf ‘0qade[d 03 paredwod paseq-prounored pue
oseyd wnioa Suump (Z0'0=d) quoAepgost Jo uondwnsuod
pasea1dap ySd 291 pue (G500 0=4) JO 109JJ9 :[BL1) JOAOSSOID 6,(S000)
JOMO[ 9IOM S[OAQJ[ QUOULIOY X3S I[BJA M 9/ Mm 9 PUI[Q-9[qNOp PAZIWOPUEY (eu) §1/61 :UONUIAINU] ‘Te 19 osuery|
(1#0°'0=d) paseaI1oop VSd Jo asearout jo
VSd 12103 wnias 301 7 oyl jo odors 9re1 uo juowe[ddns Krejarp K 1'L¥8°69)
pue (0€0'0=d) VSd 30] ¢ paseal1oap paseq-Aos jo uondwnsuod G1 :Aderoyjorper
[000301d 10d odofs ¥Sd (0£0'0=d) J0 109739 :[eLN I9A0SSOID (A T°LF869) € ¢,(5002)
X 9’7 pasealour own 3urqnop ySd M Q1AM O PUI[Q-9[qQNOP PAZIWOPULY :Awo3o9)e)sold [eorpey] ‘[e 10 IopoIyds

SIMSAY

dun Jo YPISud | UOTJUIAIIIUI/USISI(]

(93e) s303[qns jo ‘oN URIJY

(Pauo)) "z a1qelL

397

Nutrition Reviews®, Vol. 65, No. 9



biotic diet, compared with a mean length of survival of
91 months (median 72 months) for controls Although the
contribution of individual food groups or nutrients to
overall length of survival was not examined, possible
mechanisms are the combined antineoplastic effects of
the individual food components such as antioxidants,'”
glucosinolates,?® plant lignans,?® and fiber,>>-° as well as
reduced calories,?’ for inhibiting tumor development.

In summary, results from eight observational studies
suggest that tumor aggressiveness and death from pros-
tate cancer may be directly associated with dietary total
fat and saturated fat intake, while polyunsaturated and
monounsaturated fat intake may have no association or
be inversely associated with tumor aggressiveness and
death from prostate cancer. Consumption of individual
foods such as tomato sauce, in addition to a specific
combination of foods as prescribed in a macrobiotic diet,
may also improve mean survival time.

DIET INTERVENTION TRIALS

Three clinical intervention trials have examined the
effect of a plant-based diet along with stress reduction
and/or exercise on markers of prostate cancer progres-
sion.>’** A summary of the results of these and other
intervention trials is presented in Table 2. In two separate
studies of recurrent prostate cancer (rising prostate-specific
antigen [PSA] after prostatectomy), both of which had each
patient serving as their own control, Saxe et al.*®* reported
a significant decrease in the rate of PSA increase in men
consuming a plant-based diet combined with stress reduc-
tion for periods of 4°® and 6* months following prostatec-
tomy. In the later study,*® the median PSA doubling time
increased from 11.9 months prior to the intervention to
112.3 months by the end of 6 months. Further, four of the
patients experienced an absolute reduction in their PSA
levels, an effect usually only observed in this patient sub-
population after administration of hormonal therapy. In a
similar 1-year dietary and lifestyle intervention trial of
newly diagnosed prostate cancer patients undergoing
watchful waiting, PSA levels in the intervention group also
decreased significantly compared to the control group.®’ In
addition, in this study, serum was taken from both groups
and administered separately to cultured LNCaP cells. Se-
rum from the experimental group inhibited LNCaP growth
8 times more than serum from the control group. Six control
group patients required treatment during the study due to
progression of prostate cancer while, in contrast, no exper-
imental group patient required treatment.

Low-fat, high-fiber diets, particularly vegetarian diets,
are typically associated with decreased plasma concentra-
tions of sex hormones.>>*® As prostatic activity is depen-
dent on testosterone, prolactin, and estrogen, dietary inter-
ventions that modify circulating concentrations of these
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hormones may be expected to influence risk and progres-
sion of prostate cancer. Two other in vitro studies evaluated
the effect of consumption of a low-fat, (10% of calories
from fat) high-fiber diet, together with exercise, on serum-
stimulated growth of established prostate cancer cell
lines.*** In the earlier study,41 serum was collected from two
groups of men: 13 who followed the regimen for 11 days and
eight who followed it for 14.2 years. Serum concentration of
free testosterone fell by an average of 17% in the 11-day
participants. In both groups, LNCaP growth measured in
post-intervention serum was significantly lower compared to
growth in pre-intervention serum. There was no difference in
the growth of PC-3 cells in either group.

In the later study,*® serum from eight men who had
adhered to the program for a mean of 14.2 years was
used as a growth medium for LNCaP cells with the
addition of testosterone, estradiol, and/or insulin. Com-
pared to cells grown in fetal bovine serum and control
groups, the cells grown in serum from the intervention
group showed 40% and 49% less growth, respectively.
Addition of testosterone, estradiol, and insulin to serum
from the intervention group significantly stimulated
LNCaP cell growth in vitro but accounted for only about
half of the difference between the control and the diet
group, suggesting that other serum hormones, growth
factors, or binding proteins may play a role in the
observed serum effect in diet-and-exercise subjects.***

These studies suggest that changes in diet and life-
style, including increased fiber and decreased fat intake
along with increased exercise and stress management,
may serve as an adjunct to conventional therapy. How-
ever, it is unclear how stress reduction and/or exercise,
per se, or providing the patient an active role in his care,
independent of dietary intervention, affect outcome.
Some studies have been limited by small sample size or
by lack of randomization.>**' Extrapolation of in vitro
results to in vivo applications should be made with caution.
However, diet-induced hormonal modulation may explain,
in part, the epidemiological observations®'**?**’ and find-
ings that plant-based, low-fat, high-fiber diets may influ-
ence prostate cancer growth and progression.

Other intervention studies have evaluated the con-
tribution of specific dietary components as well as food
to tumor progression and death from prostate cancer, in
the absence of lifestyle changes.

TRIALS ASSESSING DIET COMPONENTS
WITH POSTULATED EFFECTS ON CANCER
PROGRESSION

Low-fat, high-fiber diets
Specific fatty acids, in particular, omega-3 and ome-

ga-6 fatty acids, have been reported to influence prostate
cancer growth. Some authors have suggested that a high
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dietary ratio of omega-3:omega-6 fatty acids may influ-
ence growth signal factors by inhibiting the enzymes that
are active in the synthesis of eicosanoids, which play a
role in cancer initiation and proliferation.***> Omega-6
fatty acids may exert a stimulatory effect on the growth
of PC-3 cells by enhancing the proliferation of malignant
prostate epithelial cells, thereby increasing the risk of
advanced prostate cancer.***>*’ In several short-term
intervention trials, the low-fat diets of cancer patients
were supplemented with omega-3 fatty acids.**>° In the
first two trials, patients were supplemented with flaxseed
for respective periods of 1 month and 6 months.*->
After 34 days, PSA levels were lower, while apoptotic
indices, serum cholesterol, total testosterone, and free
androgen were significantly lower compared to baseline.
After 6 months of treatment, PSA levels were signifi-
cantly lower, compared to pre-trial levels, as were mean
proliferation rates of benign prostatic epithelium. There
was also a positive association between serum PSA
levels and the rate of cell proliferation, suggesting that
the effect of a low-fat, plant-based diet, which is high in
phytoestrogens, on slowing progression of prostate can-
cer may be dose dependent. Accordingly, in this study,
androgen levels were lowered, possibly due to the dose
level and/or fat restriction of the diet, in addition to
flaxseed, as compared to other studies.>!>> Cholesterol
levels also decreased in both studies. Cholesterol may be
indirectly linked to prostate cancer in that it provides the
sterol ring structure for testosterone. Diets high in fiber
have also been associated with decreases in estradiol and
testosterone.” This is probably related to fiber’s ability to
bind sex hormones as they undergo enterohepatic circula-
tion, thereby reducing circulating cancer cell growth pro-
moters. Although testosterone levels decreased signifi-
cantly in the 1-month study, this was not the case in the
longer study. The lack of power may explain these results.
In the third trial, patients were supplemented with
fish oil for 3 months.*® The COX-2 m-RNA expression
in prostate tissue decreased in 57% of the patients, and
the omega-3:omega-6 fatty acid ratio in plasma and
gluteal tissue increased significantly compared to base-
line. Increased expression of COX-2 has been demon-
strated in prostate cancer compared to benign tissue,>*>>
suggesting a lessening in disease markers. These studies
were limited by having few subjects, difficulty in sam-
pling, and short duration. The potential for a low-fat diet
high in omega-3 fatty acids to prevent development and
progression of prostate cancer, requires examination.

Components of Fruits and Vegetables
Non-fiber components of fruits and vegetables may

also confer protection against prostate cancer progres-
sion. For example, Brassica vegetables have been re-
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ported to have chemopreventive properties such as in-
ducing apoptosis and inhibiting prostate cancer cell
proliferation in vitro,’® reducing tumor invasion and
metastasis, as well as affecting other complex cellular
interactions.’” Xiao et al.>® examined androgen-depen-
dent and androgen-independent cultured prostate cells
exposed to isolated allyl isothiocyanate (AITC), a com-
ponent of cruciferous (Brassica) vegetables. In vitro,
AITC was found to suppress growth of both types of
cells equally, while minimally affecting survival of the
normal prostate epithelial line. Epidemiological'®’ and
case-control'” evidence modestly supports these in vitro
and clinical findings. Cruciferous vegetables appear to be
protective in prostate carcinogenesis, possibly due to
their high levels of isothiocyanate sulforaphane, a potent
inducer of glutathione S-transferase, a phase II enzyme-
inducing agent.'®

Lycopene is a carotenoid found in tomato products,
watermelon, pink grapefruit, and other fruits. Two
3-week intervention studies using either a lycopene sup-
plement (30 mg/day) in newly diagnosed prostate cancer
patients®® or tomato sauce-based dishes (providing 30
mg of lycopene/day) in patients with localized prostate
adenocarcinoma,> found that mean serum PSA levels
decreased along with cytological markers (smaller tu-
mors, less involvement of margins and/or extrahepatic
tissue) indicating decreased prostatic activity following
the interventions. Lycopene has also has been shown to
inhibit the growth of human cancer cells in tissue cul-
ture.°® An up-regulation of Cx43 along with a down-
regulation of IGF-1 in patients with localized prostate
cancer may contribute to decreased growth and induced
apoptosis in malignant prostate cells.®’*> Some,'?-2%-¢
but not all,'”** epidemiological and case-control studies
suggest an inverse association exists between lycopene
intake and prostate cancer risk. These inconsistent find-
ings may be due to study designs that do not control for
total vegetable consumption, participants’ bias, and ac-
curacy of questionnaires.

Long-term daily supplementation with 50 mg alpha-
tocopherol in Finnish smokers was associated with a sub-
stantial reduction in the incidence of and mortality from
clinically overt prostate cancer but did not have an affect on
advanced prostate cancer.®® It is possible that alpha-toco-
pherol influenced the transformation of latent cancers to
clinical cancers. Vitamin E may protect against cancer by
enhancing immune function and preventing the propagation
of free radical damage in biological membranes.®® Prostate
cancer incidence was 23% higher and mortality was 15%
higher among men who received beta carotene than those
who did not. Some case-control studies support these find-
ings®*® while other large chemopreventive trials®’ and
some case-control studies have found no association or
even protection.>
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Soy

Some authors have hypothesized that the lower pros-
tate cancer mortality rate among Japanese men, com-
pared to men from the United States, may be partly
attributable to their high level of soy protein intake.***°
In general, Asian men have a lower incidence of prostate
cancer than men in the United States.”®> However, al-
though the incidence of latent prostate cancer is compa-
rable in Asian and Western countries, prostate cancer-
specific mortality is much higher in the West. This
observation has led to the study of dietary factors that
differ between Asian and Western populations. One such
factor is soy intake.”® In an uncontrolled study to deter-
mine the effect of soy isoflavone supplementation (100
mg twice daily) on prostate cancer markers, patients with
prostate cancer were grouped according to whether they
had newly diagnosed and untreated disease (group I), had
increasing PSA levels following local therapy (group II),
or were receiving hormone therapy (group IIT).”" In all
three groups, the rate of PSA level elevation decreased
compared to baseline rates, although there were no sus-
tained decreases in PSA levels. Other researchers have
reported similar findings.**"*7?

Soy isoflavones may be associated with slowing of
prostate cancer progression, as reflected in a decrease in
the rate of PSA elevation, as a result of their binding to
estrogen and androgen receptors.’* This process may be
mediated through a specific effect of genistein on PSA
protein synthesis and secretion.'®’* Despite significant
increases in the serum isoflavones genistein and di-
adzein, no significant changes were observed in any of
the groups’ serum concentrations of insulin-like growth
factor-1, insulin-like growth factor binding protein-3,
testosterone, or 5-hydroxy-methyl-deoxyuridine. Simi-
larly, in post-surgical patients, deVere et al.”® observed
no difference in the pre- and post-surgery levels of PSA
or testosterone in men with nonmetastatic prostate can-
cer. Following surgery, however, apoptosis in prostate
tumor cells was observed more frequently in specimens
from treated participants than in those from control
participants, specifically in regions of low- to moderate-
grade cancer. These findings suggest that dietary isofla-
vones may also play a role in inducing apoptosis, espe-
cially in low- to moderate-grade tumors. In contrast,
other authors have reported that the inhibition of en-
zymes associated with cancer cell growth and signal
transduction in vitro may be modulated by the down-
regulation of insulin-like growth factor-1, leading to
inhibition of growth, prevention of oxidative DNA dam-
age, and modulation of estrogenic or antiestrogenic ef-
fects.**70

Several randomized studies have examined the ef-
fect of the consumption of soy in combination with other
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nutrients, on markers of prostate cancer progres-
sion,**4%71-73-76 1n one study, patients consumed a sup-
plement consisting of soy isoflavones, lycopene, silyma-
rin, and antioxidants after prostatectomy or radiotherapy
to assess the effect of the supplement on the rate of
increase of PSA.”> A significant decrease in PSA slope
and “log PSA slope was observed at the end of the
treatment period. In one small study, men scheduled to
undergo radical prostatectomy were randomized to diets
supplemented with soy, soy and linseed, or wheat.”’
After the intervention, there was a significant difference
in the percentage of change in total PSA and the free:
total PSA ratio between those men consuming both of
the soy supplements compared to those consuming
wheat. There were no differences between the two
groups consuming soy. These results are in agreement
with the results of Denmark-Wahnefried et al. and Hus-
sain et al.>®”! and may be related to the estrogenic effect
of isoflavones on peripheral testosterone synthesis. Phy-
toestrogens block the activity of the enzyme that con-
verts androstenedione to testosterone, thus inhibiting
prostate cancer cell growth by either slowing down cell
proliferation’* and/or increasing apoptosis.”? It is uncer-
tain if these findings translate into a slowing of disease
progression. Larger randomized controlled trials are
needed to support these findings.

In a similar study, men with confirmed rising PSA
levels (>0.1 ng/ml) consumed a dietary supplement
containing soy along with lycopene and antioxidants.”®
In contrast, at the end of this trial, total PSA and total
PSA doubling time were unaffected, although free PSA,
dihydroxytestosterone, and testosterone levels decreased
significantly. The lack of effect on PSA may be due, in
part, to the heterogeneity of the beginning PSA levels of
study participants and the short intervention period.

Another non-randomized clinical trial tested the ef-
fects of a low-fat diet or a low-fat diet with the addition
of a soy supplement on PSA progression in patients
having undergone radiation or surgery.*® Both diets de-
rived 15% of calories from fat and included daily sup-
plements of 400 IU vitamin E, 200 ug selenium, and a
multivitamin. A significant decrease in free testosterone,
which was consistent with the previous,76 but not all,”>7#
observations, was reported during the low-fat plus soy
supplement phase. PSA did not decline by =50% from
baseline in either group; however, the PSA mean dou-
bling time and estimated time-to-progression were mod-
estly longer during the low-fat-plus-soy supplement
phase and the low-fat phase alone, respectively. These
differences may be explained by the fact that although
there was a decrease in free testosterone levels in some
studies, which is possibly reflective of estrogenic or
antiestrogenic effects,***! in other studies, free testoster-
one may not have been sufficiently depressed to affect
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clinical progression. The addition of coenzyme Q10
along with a similar soy supplement had no affect on
serum levels of PSA.*® A recommendation to consume
soy products, either alone or in combination with certain
nutrients, may be useful for adjunctive treatment of
prostate cancer, particularly in the early stages of the
disease.

CONCLUSION

Overall, the preponderance of available evidence (i.e.,
eight observational studies and 17 clinical or laboratory
trials) suggests that short-term dietary modifications may be
associated with indices of reduced disease progres-
sion, 1421:22.24.25.27.36-39.41.48.49.50,56,58.59.65.71-73.75-77 Ty
observational studies found no association, possibly
due to limits in assessing food consumption patterns. In
prospective studies of prostate cancer patients, consump-
tion of a diet high in saturated fat is associated with about
a 3-fold higher risk of progression of and death from
prostate cancer compared to consumption of a diet low in
saturated fat (<10% calories). Findings for vegetable fat,
particularly monounsaturated fat, have been mixed. Pa-
tients who adopt a plant-based diet after disease onset or
unsuccessful treatment may experience a lower rate of
progression compared to those who do not. Intake of
specific foods or nutrients may play a role in this process.
Consumption of soy foods or soy or isoflavone supple-
ments has been reported to improve prostate cancer
prognosis.*®’>73 A slowing of disease progression was
observed in prostate cancer patients consuming flaxseed
or lycopene-containing foods or supplements.**-*38-3
These studies suggest that predominantly plant-based
diets that are high in fiber and phytonutrients and low in
fat and saturated fat, favorably influence health outcomes
for prostate cancer patients. Diet may influence circulat-
ing hormone levels and modulate androgenic or estro-
genic effects, resulting in inhibition of cancer cell growth
and/or increased apoptosis. While the mechanisms by
which specific diet components benefit prostate cancer
survival remain to be elucidated, the effects of consump-
tion of plant-based diets on markers of prostate cancer
progression observed in these studies are encouraging.
Some limitations of the early research include studies
with small numbers of patients, lack of randomization,
difficulty assessing compliance, separating effects of
lifestyle from dietary changes, as well as identifying
effects of specific foods versus nutrients. Longer-term
clinical trials with adequate power are needed to further
determine the sustainability of these interventions and
their effect on prostate cancer-specific and overall sur-
vival.
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