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The role of diet and nutrition in cervical carcinogenesis: A review
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Our objective was to provide an update on recent epidemiologic
evidence about the role of diet and nutrition on the risk of human
papillomavirus (HPV) persistence and cervical neoplasia, taking
HPYV into account. We conducted a systematic review and qualita-
tive classification of all observational studies controlling for HPV
infection published between March 1995 and November 2003 and
of all randomized clinical trials published between January 1991
and November 2003. Scientific evidence was classified as convinc-
ing, probable, possible or insufficient, as used in a previous study
on diet and cancer. Thirty-three studies were eligible for this
review (10 clinical trials, 8 observational prospective studies and
15 case-control studies). The few studies on HPV persistence
showed a possible protective effect of fruits, vegetables, vitamins
C and E, beta- and alpha-carotene, lycopene, luterin/zeaxanthin
and cryptoxanthin. Evidence for a protective effect of cervical
neoplasia was probable for folate, retinol and vitamin E and possi-
ble for vegetables, vitamins C and B12, alpha-carotene, beta-caro-
tene, lycopene, lutein/zeaxanthin and cryptoxanthin. Evidence for
an increased risk of cervical neoplasia associated with high blood
homocysteine was probable. Results did not differ between studies
looking at preneoplastic and invasive lesions or between retrospec-
tive and prospective studies. The available evidence for an associa-
tion between diet and nutritional status and cervical carcinogene-
sis taking HPV infection into account is not yet convincing. Large
cohort studies are needed to adequately assess the role of foods
and nutrients in cervical HPV carcinogenesis.
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Although incidence and mortality from invasive cervical cancer
declined substantially from the 1950s onward in developed coun-
tries, cancer of the cervix remains the second most common can-
cer among women in the world, accounting for about 10% of all
new cancer cases.! Approximately 471,000 cases are newly diag-
nosed and 233,000 women die each year from cervical cancer,
most of them in less-developed countries.

Cervical squamous carcinoma results from a continuous proc-
ess, starting from normal cervical epithelium that after human
papillomavirus (HPV) infection and persistence progresses to
intraepithelial lesions, carcinoma in situ (CIS) and finally, inva-
sive squamous carcinoma (ISC). However, up to 60% of these pre-
invasive 1ntraep1theha1 lesions experience spontaneous regression,
with progression to ISC a relatively uncommon event.”

Persistent infection by certain HPV genotypes has thus been
recognized as a necessary step for the development, maintenance
and progression of cervical intraepithelial neoplasia (CIN) and
cervical cancer.” Despite this, HPV infection is most likely not a
sufficient cause of cervical cancer, since prospective studies con-
sistently show that only a small fraction of infected women do
eventually develop the disease.* Cervical cancer is believed to
have a cofactorial etiology in Wthh HPV interacts with other
cofactors, including nutritional ones,’ that influence the risk of
HPV persistence and progression to CIN. Established factors that
influence the probability of HPV acquisition are having had an
early age at first intercourse, a history of multiple sexual partners
and contact with promlscuous partners.® Cofactors that influence
the risk of progression from HPV infection to HPV persistence
and development of squamous intraepithelial lesions (SIL) include
environmental and lifestyle cofactors such as cigarette smoking,
diet, long-term oral contraceptive (OC) use, high parity and coin-
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fection with other sexually transmitted infections, host cofactors
and V1ra1 cofactors such as viral load, integration, genotype and
variants.’

There are no published studies exploring the possible role of
diet and nutritional status on the risk of HPV infection acquisition
and few on the risk of HPV persistence. Concerning cervical can-
cer and diet, early epidemiologic research on diet and cervical
cancer focused mainly on invasive disease. Available evidence
was reviewed in the 1990s.57'° In the most comprehensive review,
Potishman and Brinton concluded that there was fairly consistent
evidence that the risk of cervical cancer and its precursors may be
related to low intake of carotenoids and especially vitamin cs
They found a less consistent association with low intake of vita-
min E and folate. On the other hand, an international expert panel
concluded that there was no convincing evidence that any dietary
factor increases the risk of cervical cancer but that diets high in
vegetables and fruits, carotenoids, vitamin C and vitamin E were
possibly protectlve and that folate and retinol possibly had no rela-
tionship with ISC.? Finally, another expert committee concluded
that the evidence was strongly consistent for a protective effect of
fruits and vegetables, moderately consistent for vitamin C and
folate and weakly consistent for retinol and/or carotenoids.'®

Overall, authors of these reviews acknowledged that firm asso-
ciations between nutritional factors and SIL or ISC could not be
established and that the most important limitation of the reviewed
studies was lack of control for HPV infection. Since the key role
of HPV has been established and reliable techniques for its detec-
tion have been suitable for epidemiologic research, most recent
nutritional studies on cervical cancer have taken HPV infection
into account. These studies have tried to ascertain if previously
suspected dietary factors act as independent risk factors, as cofac-
tors of HPV or are merely confounders of HPV and HPV-related
factors.

The aim of our study is to provide an update on recent epide-
miologic evidence about the role of diet and nutritional status on
the risk of HPV persistence as well as on the risk of SIL and ISC,
taking HPV into account.

Material and methods

Sources of data were all published peer-reviewed observational
studies available in the Medline and Cancerlit databases from
March 1995 to November 2003 and all clinical trials published
from January 1991 to November 2003. The searching was com-
pleted with references included in retrieved papers that were not
previously identified through electronic search. To be eligible for
this review, studies had to fulfill the following inclusion criteria:

(i) Study design: observational or intervention epidemiologic
studies that included a control group.
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TABLE I — CLASSIFICATION OF THE SCIENTIFIC EVIDENCE FOR ASSOCIATIONS OF DIET AND NUTRITION WITH HPV PERSISTENCE AND CERVICAL
NEOPLASIA AND CANCER

HPV persistence

Cervical neoplasia/cancer

Dietary and
nf;:;;&gzl (E&;—ﬁ&?ﬁ:) No. of cases/ Scientific (gg'[?rtoiég?il\?:) No. of cases/ Scientific
[no. significant]" controls evidence [no. significant]" controls evidence

Folate 2 (0) [0] 150/96 INS 11(7) [2] 1,874/3,171 PRB
Vitamin B6 1(1)[0] 131/70 INS 1] 150/179 INS
Vitamin B12 2(2)[1] 150/96 INS 2 (2) [0] 521/441 PSB
Homocysteine 1(0) [0] 19/26 INS 509 12] 898/1,021 PRB
Betacarotene 3(3)[0] 418/383 PSB 7(5) [0] 1,445/2,466 PSB
Alphacarotene 3 (0) [0] 418/383 INS 4 (3) [2] 412/616 PSB
Lycopene 3 [1] 233/160 PSB 441 412/616 PSB
Lutein/zeaxanthin 4(2)[1] 349/408 PSB 4(4)[1] 412/616 PSB
Cryptoxanthin 3(D)[1] 349/408 PSB 4(2)[1] 412/616 PSB
Retinol 1(0) [0] 200/70 INS 74) (2] 1,585/2,628 PRB
Vitamin C 2(2)[1] 218/338 PSB 7(3) 0] 1,493/2,574 PSB
Vitamin E 1(D)[1] 102/90 PSB 7(6) [3] 1,446/2,463 PRB
Fruits 2(2)[1] 316/318 PSB 0 - -
Vegetables 2(2)[1] 316/318 PSB 1 (1) [0] 184/509 INS

! p =<0.05. —’Risk increased. — PRB, probable; PSB, possible; INS, insufficient.

(ii) Exposure variables: usual food or nutrient intake or nutrient
blood levels (serum, plasma or red cells).

(iii) Outcome variables: HPV persistence, occurrence of cervi-
cal squamous neoplasia, CIS and ISC. Classification systems used
by different authors were respected since they are not fully inter-
changeable. The Bethesda Classification System classifies prein-
vasive disease in low-grade and high-grade squamous intraepithe-
lial lesions (LSIL and HSIL, respectively). LSIL include condy-
lomatous atypia and grade 1 of the CIN classification system, and
HSIL encompasses CIN 2 and CIN 3/CIS.” Studies looking only
at atypical squamous cell of undetermined significance (ASCUS)
were excluded.

(iv) Confounding variables: only observational studies that con-
trolled for infection by HPV measured by PCR with blot hybrid-
ization, Hybrid Capture System, Southern blot and HPV serology
were included in our review. Randomized clinical trials, including
those that did not measure HPV infection, were also eligible.

After an initial selection of all eligible papers, a systematic
review and qualitative classification of each study was undertaken.
For each study, potential methodologic limitations regarding stat-
istical power, bias and control for confounding were evaluated.
Odds ratios and 95% Cls for highest vs. lowest categories of food/
nutrient intake or nutrient blood concentration are presented
graphically, only for those food groups or nutrients assessed in at
least 3 studies. The most fully adjusted ORs were used from each
included article. Odds ratios for each study were plotted as dia-
monds whose size is proportional to the study size.

To classify scientific evidence, the widely accepted methods
and terminology adopted by the panel of the World Cancer
Research Fund & American Institute for Cancer Research (WCRF
& AICR) in their study on diet and cancer were used.” In brief,
evidence was classified as convincing, probable, possible or insuf-
ficient. Evidence was convincing when epidemiologic studies
showed consistent associations, with little or no evidence to the
contrary. Also, there should be a substantial number of acceptable
studies (more than 20), preferably including prospective designs,
conducted in different population groups and controlling for possi-
ble confounding factors. Associations should be biologically plau-
sible, and laboratory evidence had to be usually supportive or
strongly supportive. Evidence was classified as probable when epi-
demiologic studies showing associations were either not too con-
sistent, with a number and/or proportion of studies not supporting
the association, or the number or type of studies was not extensive
enough to make a more definite judgement. Also, mechanistic and
laboratory evidence had to be usually supportive or strongly sup-
portive. Evidence was considered as possible when epidemiologic
studies were generally supportive but limited in quantity, quality

or consistency. There may or may not be supportive mechanistic
or laboratory evidence. Alternatively, few or no epidemiologic
data were available, but there was strongly supportive evidence
from other disciplines. Finally, evidence was considered insuffi-
cient when there were only a few studies, which were generally
consistent but do no more than hint at a possible relationship. If a
significant portion of the data was inconsistent, amounting to pos-
sible or insufficient evidence of a causal relationship, the inconsis-
tent evidence was noted as such. In some cases, the data were
extremely limited and/or inconsistent; for such relationships, no
judgement could be made.

Results
Description of studies

Overall, 33 studies were eligible for our review: 10 clinical tri-
als, 8 prospective studies (3 of them nested case-control) and 15
case-control studies. All but 2 studies were carried out in devel-
oped countries, mainly in the U.S. Approximately 50% of studies
enrolled women of multiethnic origin, 25% only nonwhite and
25% only white or not specified. Studies that presented their
results in different publications were reported once. Among the 23
observational studies, 14 assessed nutrient circulating levels, 3
assessed nutrient intake, 4 assessed both blood levels and nutrient
intake, 1 assessed only food intake, and 1 looked at both food and
nutrient intake. The most frequently assessed nutrients were folate,
retinol, beta-carotene and other specific carotenoids, vitamin E
and vitamin C. Almost half of the reviewed studies analyzed pre-
neoplastic lesions without separate analyses for different preinva-
sive lesions. Among studies doing separate analyses, most of them
looked at CIN2-3/HSIL. Classification of the scientific evidence
for each studied food or nutrient and stratified by studies on HPV
persistence and studies on cervical neoplasia is shown in Table 1.

Folate, vitamin B6, vitamin B12, homocysteine, methionine
and cysteine

The 2 studies looking at folate and HPV persistence showed
no association (Fig. 1).'"1?> Among the 5 reviewed studies on
dietary folate and cervical neoplasia,’>"!” 4 presented inverse
associations,’*™'® but only 1 achieved statistical significance.'
One had a low statistical power,'* and the other was a relatively
large nested study that suggested a protective effect of dietary
intake among HPV-positive women but not among HPV-negative
women. Five!*!32" of 7 studies'*'®*® looking at blood folate
concentration and cervical neoplasia showed a protective effect for
high serum or RBC folate, but only 1 was statistically significant,
showing a strong protection of plasma folate for CIN 1-3 HPV-
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EXPOSURE OUTCOME DESIGN STUDY casewicont,  OHE (5% CT)  p-trend i

I

1
Distary folate HPY Parsistence Cahart Sodo, 2002({11) 170 1200624 07 —_—

1
Dietary folate ASCUS + LEL + HSIL (HPV+) MNisted cega-control  Widerall, 1053 (13) Ga/68  0O7(03-21) i .
Dietary folate ASCUS + LSIL + HSIL (HPV-) MNested casa-control  Widerall, 1058 [13) 1834737 10[0517) MK
Dietary folate CIM 2-3 Cass-contral Kjelberg, 2000 {17) 137/253 14[0448) 0B —
Diietary folate CIN 13 Cass-contral Kanetsky, 1998 [14) 321113 030117 02 +
Dietary folate LSIL + HSIL Cass-contral Goodman, 2001 (15) 1500178 03 (01-07) 0007 Ae—f— ;
Dietary folate Invasive [5C) Casa-contral Shannan, 2002 (18) 1341384 06(0313) 042 —_——
Dietary folate =] Casa-conaal Shannon, 2002 {16) 204125 10(0328) 089 #i

1
Plasma folate HPFV Parsistency Ciohart Sedjo, 2002 (11} 110760 12(0528) 0OF —:—0—
Plasma folate HFW Parsistence Cohan Sedo, 2003 (12} 19/26 1610378 08 "
Plasma folate LSL Casa-cormal Geadman, 2000 (21) 92191 080323 08 R o
Plasma folate HSL Casa-conral Goodman, 2000 {21) 551191 15(0459) 08 : +
Plasma folate CiN -3 Cass-conmmol wamigwska, 1907 (19) 2280168 01 (0.9-08) <00  Mp——
Serum folate CI5 +I5C Mested casa-control  Altarg, 2000 (20) 3T 060219 04 + :
Serum folate I8¢ Casa-contral Weinstein, 2001 (18)  163/506 06[0311) 02 ——
Sarum folate CIM 1.3 Casa.contral Kanetsky, 1995 [14) 32/113 150458 03 4 +
Serum folate CiM 3 Casa.conmal Kwaniewska, 2003 (23] 50740 Diff of mears  Sigrf. i

I
REC folate CIN1 Casa-conral Yoo, 2000 {23) 190326 140825 07 '-Q—'O—
RBEC folate CIN 23 Casa.conmral Yo, 2000 (23) 1124326 1200625 03 —_—
REBC folate 15C Cass-conmal Wainstein, 2001 (18)  169/506 070413 02 —
REC folate CIN 13 Casa-control Kanetsky, 1998 [14) 3213 08(02-34) o7 T

1

1

I

I

i
Plasma vitamin B12 HPY Parsisience Cohant Sado, 2002 (11} T0B0 04(0210) 004 —_——
Plasma vitamin B12 ~ HPV Persistence Cahon Sado, 2003 (12) 19426 08(0151) 08 + :
Plasma vitamin B12  LSL Cagacontral Goodman, 2000 (21) 82/191 06(0218) o7 _——
Plasma vitamin B12  HSL Casa.conmal Goodman, 2000 (21) 551191 10[0483) 05 ?
Serum vitamin B12 CIS +ISC isted cage-control  Albarg, 2000 (20) 39/71 05[0247) 03 + T

I

1

1

1

i
Plasma homocysteine HPY Parsstence Cohar Sedo, 2003(12) 19726 0.7(0.1-36) 06 -
Plasma homocysteine LSL Casa.conmal Goodman, 2000 {21) 821181 17(0745 02 —I—O—’
Plasma homocysteine HSL Casaaconmal Goodman, 2000 (21) 51191 13[03.50) o7 —
Serum homecysteine 15T Casa-conal Wainstain, 2001 {18) 163/540  29(1559) 00N : .
Serum hemocysteine  CIS +ISC Nistpd casa-contmal  Albarg, 2000 (20) 9071 ITOBES 005 T +
Serum homecysteine  CIN 1.3 Caga-conal Thamsan, 2000 {27} W70 160738 006 ——
Serum homocysteine N3 Casa-conmal Wwaniewska, 2002 (28] 50/40 Diff of means Signi, i

1

]

H

1 I | 1 | | 1 |
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Fi1GURE 1 — Selected case-control and cohort studies (1995-2003) on folate, vitamin B12 and homocysteine and cervical carcinogenesis. Odds

ratio for highest vs. lowest category of exposure.

positive women compared to normal HPV-negative women.'® Of
the 2 studies observing statistical negative association with
folate,'>!'? adjustment for all relevant confounding factors was
done in 1 of them,' and adjustment for all confounding factors
except oral contraceptives was done in the other.'” Both studies
were hospital based and, as such, they were subject to potential
selection bias. Two chemoprevention trials>*?° assessing the effect
of oral supplementation with oral folic acid in CIN 1-2 women
concluded that folic acid does not enhance the regression of early
epithelial lesions, although they do not address the potential effect
in preventing this type of lesion.

Among the 2 studies looking at vitamin B6, 1 showed a non-
significant inverse association,” whereas the other showed a
strong significant protection for SIL."”> Two studies''"'? found a
nonsignificant inverse association of plasma vitamin B12 with
HPV persistence, whereas 2 studies found inverse but not signifi-
cant associations with SIL>' and CIS+ISC.>°

Serum/plasma homocysteine, which is inversely associated with
folate, vitamin B12 and vitamin B6 intake, increased the risk of
SIL in 5 of 5 studies,”* %7 but only 1 was significant.® This
was a population-based case-control study adjusted for all relevant
confounding factors.

Overall, insufficient evidence for a protective effect of folic
acid, vitamin B6 and vitamin B12 on HPV persistence was found.
In relation to cervical cancer, there is probably a protective effect

of folate and a risk effect of homocysteine, whereas there is possi-
bly a protective effect of vitamin B12 (Table I). Ziegler et al. sug-
gested that elevated homocysteine could be a more accurate mea-
sure of inadequate folate nutritional status than direct measurement
of circulating folate, and a biomarker of disruption of 1-carbon
metabolism, which may be related to cervical carcinogenesis.

Carotenoids

A weak and nonsignificant protective effect of dietary intake or
low serum concentration of beta-carotene was observed for HPV
persistence in 3°°>' of 4 prospective studies (Fig. 2).2%72
Five'*!6:333%:36 of 7 observational studies'>'*1%333% suggested a
protective effect of beta-carotene with SIL, although none of them
was significant.

The 2 biggest studies—one of them a prospective study adjust-
ing for all relevant confounding factors—showed no association.

In a randomized clinical trial investigating the association of
beta-carotene with early preinvasive lesions,>’ no favorable influ-
ence of oral administration of beta-carotene on ASCUS-CIN1
regression rates was observed after 2 years of follow-up. Other
clinical trials of oral beta-carotene supplementation could not
demonstrate enhanced regression of CIN 2-3 lesions,*® CIN1-2%
or CIN 1-3,**! although small sample sizes or short treatment
duration in most of these trials limited their conclusions.
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EXPOSURE OUTCOME DESIGN STUDY casowicont. OR (85% CI}___ prtresd !

I
Dietary bets-caratens HPY Parsistenca Cohort Sadio, 2007 (30] AETRE TR 06 —o—,—
Distary beta-carotena HPY Parsistence Mested case-contral  Giuliana, 2003 (31) 1857248 080515 03 ———
Dietary beta-canatena CN -3 Casa-conrol anstshy, 1998 |14) 2ME 130358 o8
Dietary beta-caratena ASCUS « LEIL + HEL [HFY=)  Mested case-contral  Widerol, 1688 (13) GRIBE 0E(02-200 MK
Dietary beta-carotens BSCUS +LSIL + HIL (HPV:)  Mested cose-contrad  Wideroff 1588 (13) 1330737 100081 7) HK ——
Distary beta-caratena Iwarsive I5C) Case.conral Shannon, J002 (16) 1347384 08(04.18) 033 —_——
Dietary beta-canatens =} Casa-CanTol Sennon, JO0Z016F 5005 1500550 0ar
Flagma trans-bets HPY Py Cohart Sedjo. J002 (30} 130470 0800318 06 s e—
Plasma cis-beta-carctsne HPY Pargistence Cohon Sedjs, 2002 (30) 13070 200084 8) 01 —— —
Serum beta-carolane HPY Parsistence Cehont Giuiana, 1997 {29) 3300  D#f Moans Sign I
Serum beta-carotene CN 13 Casa-conmol Fanatshy, 1998 14) 2N 2905 H 02 :
Flasma beta-caratens LEL + HEL Case-coniral Goodman, 1968 [35) 4TME1 OT03T) 03 —_—
Plasma beta-carctens ASCLIS«CH3 Case-conTol Ho, 1908 {34) ATar366 Q904N T) or '
Serum beta-carctens CiN 23 Case-conrol Schif, 2001 (33} B 80 Q5¢02-11) 008 —_—
Sarum beta-carctene Dyeplasa Casa-conmul Magata, 1293 {36 W25 060 Hm 04 _._:_

|

|

|
Dietary alpha-carctens HPY Pardistence Cohoit Sedjo, 2002 (30} 134T0 0300408 08 ——
Diietary alpha-caratens HPY Parsistence Mestod case-contral Giulano, J003¢31)  185/348  11006-20) 0843 +
Dietary alpha-carctans CiN 1.3 Cass.contral anstshy, 1900 [14) A2M13 07402-26) 08
Plasma alpha-carctans HPY Pargistence Cohort Fadi, 2002 (30} TIFED 100423 09 ——
Serum alpha-carctena CH22 Case-conral Schif, 2001 (33} 1180 05010 04 e ——
FPlasma alpha-carctens LS « HSIL Case-conral Goodman, 1895 [35) 4T85 1.0404.24) o4 —_——
Serum alpha-carotens CiN 1.3 Casa.contral Eanstshy, 1900 |14) 321193 20004.90010) 03
Serum alpha-canotens CrEplasia Cage-COnTo Magats, 1999 {36 1520152 020006 001
Serum alpha-carctens HPY Pardistence Cohoit Giuiana, 1997 (280 F3/60 DY of meats Mol sgn
Plasma alpha-carctens HPY Parsistence RCT Palan, 1998(33) 30030 OO of means Mol sign

|

I
Distary lycopans CIH 1.3 Case-conral Fanatsky, 1998 | 14) 32113 0340113 01 +
Dietary lycopans HPY Parsitence Cohart Sadio, 2002 (30} 1370 100420 095 —_—
Flasma trans-lycopens HPY Pardistence Cohot Sedjo, 2002 (30] TI0/E0 080318 035 _.—E—
Plasma cls-lycopens HPY Parsistence Cohort Sedjo, 2002 (30) 110/60 Q4002900 0048 —,—
Flasma hycopane LEL + HEIL Casp.contral Goodman, 1008 [35)  14T/181  08(0.2-14) 03 ‘—0—'}‘—‘-
SefUm lycopsie CIN 13 Cags-conral Hanatsky, 1988 M) 2113 040016 02 ;
Seum lycopens CIH2-3 Case-coniral Schil, 2001 (33} B1ME0 0800418 o7 "—r.'-:—-—
Serum lycopene Crysplasia ‘Case-conirl Hagata, 1995 [36) 1520188 030010 0040 ————————y
Sarum lycopane HPY Parsistence Cohort Giuiana, 1997 {28 X5/c0 Ouf ol mears  Notsign |
Plasma hycopane HPY Parsistence RCT Palan, 1998 (33 3030 D ofmears  NotEgn

|

|
Diietary lutein HPY Pargistence Cohoit Sedio, 2002 (30) 134T0 050200 s _'._I'
Diietary lutein + zeaxanthin HPY Persistence Mested case-control  Giulang, 3003 (31) 1857248 0500308 Q007 ——
Diietary lutein CiN 1.3 Case.conral Kanstshy, 1908 |14) 32113 080125 05
Plasma hutein HPY Parsistenca Cohort Sedio, 2002 (30} TI0ME0 140833 o4 —T——
Flasma kutain LEL + HEIL Case-coniral Goodman, 1968 [35) 147 ME1 080315 oz —_——
Serum lutein CH1-3 Case-conral anatsky, 1998 {14) 20112 12400347 10
Sarum luteinfzeaxanthin HFY Pargistence Cohort Sedi, 2002 (30} TIFED 160 T-36) 03 —_—
Sarum luteinfzexcanthin CiN23 Casp-conral “Sehil, 3001 {33} B1160 0484002008 Qik] ——
Serum luteinizeaxanthin Dysplasia ‘Case-conrol Magaia, 1999 {36] 1521152 0500.218) 03 —0—:—
Serum luteindzeaxanthin HPY Pargistence Cohon Giulana, 1937 (28) 33000 D ol mears  Nolsign I

I

|

|

|
Digtary beta-cryptoxanthin HPY Parsistence Mested case-contral Giuiang, 2003 ¢31) 1857348 AS(03005) anar el :
Dintary beta-cryptoxanthin CN -3 Casa-conryl Fanatsky, 1988 14) MG 13035 o8 ;

I
Flasma beta-cryptoxanthin HPY Parsistence Cohort Sadio, 1002 (30) T10/60  20008-51) 02 ————
Flasma beta-cryptoxanthin LSL + HEIL Casa.contral Goodmen, 1006 (35  147/181 08(03.98) 03 ———— —
Serum beta-cryploxanthin CN1-3 Case-ConTu Fanacsky, 1988 (4 320113 1000243 10
Serum beta-cryptoxanthin CIH23 Casa-conirol “Gehil, 7001 (33} E1ME0  0A¢0.2-08) LiLik] ——
Serum beta-cryptexanthin Dysplasia Case-conral Magats, 1956 (38) 1520152 13005409 08 —_—
Serum beta-cryploxanthin HPY Pergistence Cohon Giuiana, 1937 (29) F5/c0 Dl of mears  Notsign I

|

|

I

I

04125 026 0F&D ! IZ L IE IIS

FI1GURE 2 — Selected case-control and cohort studies (1995-2003) on carotenoids and cervical carcinogenesis. Odds ratio for highest vs. lowest
category of exposure.
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EXPOSURE DUTCOME DESIGN STUDY [ty OR (e Oy petrend i
|
Dietary reting| HFY Parmstence Cohart Sede, 2002 (30) 131100 160735 o3 +.—
Diletary retinagl WSCUS + LSIL + HEL (HPVe]  Nestod cese-contrel  Widerolf, 1998.(13) B B 14054 3 P ———
Dietary retinol ASCUS + LSIL + HSL (HPY-] Mested Case-contial  Widero, 1998 (13] 1834737 100818 .8 +
Distary ratinol [= CRE] Casa-comrol Kaneisky, 1998 (14) 321113 020013 al I
Dietary ratinal Ivarsive (150 Casa-comrol Shannon, 2002 (18] 134/ 354 0310 1-08) 028 —_— |
Dietary retinol (s Case-conrol Shannon, 2002 {16) S00125 0000 00007 —p—————————————— I
Plazma retingl HPY Parmstenca Cahart Secio, 2003 (300 RALTL TB0Z40 a1 —;—'—
Serum retinol CONZE3 Case-conrol Yoo, 2000 [23) 1124326 DE0220 a7 +
Serum retinc] [= CRE:] Caga-conrol Kanetsky, 1986 (14} 32 7113 170473 a3 T
Plasma retino| LSIL + H5L Case-conrol Goodman, 1588 (35) 1471191 1E[0T-37) ['E] —
Plazma retinol RECUS + ONA Case-conmrol o, 1598 {34) ATE (366 101010 a1
Serum retinol N1 Cage-comel Vi, 2000 [23) 1900328 040208 0002 —— |
Sarum refincl = b Casa-comrol Hagata, 1999 [36) 1521152 DEMA-1E) a3 * T
S retinel Crysplasia regression (HPY 18]  Cahant Liu, 1995 (42} 14 08 070508 [ 2o |
Serum retinol Crsplatia ragresson (HPY 16]  Cohail Liu, 1995 (42} 0rEs 120218 .4 +0—
Plasma retino| HFY Persstence RCT Falan, 1388 [32) 33130 Dill. of mears Mol sign. I
|
|
|
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FiGure 3 — Selected case-control and cohort studies (1995-2003) on retinol, vitamin C and tocopherol and cervical carcinogenesis. Odds ratio

for highest vs. lowest category of exposure.

None of 4 studies looking at alpha-carotene showed a significant
. : 2932 /s :
protective effect for HPV persistence. With respect to cervi-
cal neoplasia, 314:33.36 (f 414.33.35.36 g1 dies showed inverse asso-
ciations with alpha-carotene, being significant in 2 of them **3¢

Only 1% of 323932 studies on lycopene showed a protective
effect for HPV persistence, whereas the 4 studies looking at lyco-
pene and cervical neoplasia "7777”" showed a protective effect,
although only 1 was significant.*

Lutein or lutein/zeaxanthin protected from HPV persistence in
2 studies looking at diet>™*' but not in 2 studies looking at serum
levels.?*? Lutein or lutein/zeaxanthin were protective for cervical
neoplasia in the 4 studies looking at it.!#33:33:36

Beta-cryptoxanthin presented an inverse association in
of 3 studies®*' looking at HPV persistence and in 2 of 4
studies looking at cervical neoplasia.'#>*3%-3¢

In conclusion, a protective effect of beta-carotene and other caro-
tenoids in both HPV persistence and cervical cancer is possible,
although clinical trials showed no beneficial effect of oral supple-
mentation with beta-carotene on regression of preneoplastic lesions.

13]

Retinoids

None of 2 studies looking at HPV persistence®**? showed a pro-

tective effect of serum/plasma retinol concentration (Fig. 3).

14,16 13,14,16

Two of 3 observational studies showed inverse associa-
tions of retinol intake with cervical neoplasia. One of them
showed a strong significant protective effect of high-retinol foods
on CIS."® Two limitations of this study have to be stressed. First, a
high percentage of cases completed the food frequency question-
naire 1 year after initial diagnosis, allowing for potential recall
bias and/or for influence of the disease process on food intake.
The second limitation was that selected controls for CIS were
replaced if they refused to participate until 2 controls per case
were recruited, allowing for potential selection bias. On the other
hand, a strong marginally significant protective effect of dietary
retinol on CIN1-3 was shown in a case-control study conducted in
the U.S."* With respect to serum/plasma retinol and the risk of
cervical neoplasia, a protective effect was shown in 3222542 of 6
observational studies.'*?*-3*3042 Ap interaction between HPV-
16 seropositivity and low serum retinol was found in a cohort
study.** In relation to intervention studies, a randomized pla-
cebo-controlled trial evaluating the efficacy of topical application
of aliretinoin (9-cis-retinoic acid) on CIN2-3"" found that regres-
sion rates of CIN2 but not CIN3 lesions in the treated patients
were nonsignificantly higher than in the placebo ones, especially
in the high-dosage group (CIN2: 50%, 33% and 20% in the high-
dosage, low-dosage and placebo groups, respectively; CIN3:
32%, 31% and 41%); however, a high percentage of toxic effects
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F1GURE 4 — Selected case-control and cohort studies (1995-2003) on fruit and vegetables intake and cervical carcinogenesis. Odds ratio for

highest vs. lowest category of exposure.

were observed in the high-dosage group. Results of this trial are
consistent with a previous and more powerful trial evaluating the
effect of all-trans-retinoic acid, showing an increase 1n CIN2 but
not CIN3 regression rate in the intervention group.*> Short fol-
low-up (12 weeks) and small sample size (38 subjects in each
arm) were the main drawbacks of the 9-cis-retinoic acid trial. In
another randomized trial assessing the efficacy of an oral retinol
derivative in CIN 2-3 regression rate, a poorer outcome for the
treated patients than for the placebo ones was shown.*®

Overall, evidence for a protective effect of retinol was insuffi-
cient for HPV persistence and probable for cervical neoplasia.
Chmcal trials evaluatmg the effect of toplcally applied retinoic
acid*** showed an increase in the regression rates of CIN2 but
not CIN3, supporting a role in early lesions.

Vitamin C

Vitamin C presented inverse associations with HPV per81s—
tence in 2 of 2 studies®>*' and inverse associations with SIL in
417233435 o 7 observational studies (Fig. 3).13:16.17.23.34.35.42
Important limitations of 1 of these studies'® were stated before.
Plasma vitamin C was, not related to dysplasia progressmn ina
longitudinal analysis,*> but the number of cases in this study
was too low. The only available clinical trial assessing the
effect of vitamin C oral su?plementation on regression of early
lesions showed no benefit.*” In this trial, a nonsignificant unfav-
orable effect of vitamin C in decreasing regression rates and
increasing progression rates of CIN1 was observed, either
administered alone or in combination with beta-carotene.

Overall, evidence for a protective effect of vitamin C was possi-
ble for HPV persistence and cervical neoplasia, although the only
available clinical trial showed no benefit of oral supplementation
on early lesion regression.

Vitamin E

Serum tocopherol concentration was related to HPV persistence
n 1% of 2 prospective studies.””>* Two'>'* of 3 studies'>'*'6
looklng3 at dletary vitamin E found inverse associations with SIL.
Four f 5'423-3436 ohservational studies also showed
inverse relatlonshlps of serum/plasma vitamin E with SIL. The

observed protectlve effect of vitamin E was significant in 3 stud-
13,34,35

ies. The only study not showing a protective effect had sev-

eral limitations that were previously specified. In summary, evi-

dence for a protective effect of vitamin E was possible for HPV

persistence and probable for cervical neoplasia.

Foods

Surprisingly, only 3 studies that fulfilled the inclusion
criteria for this review looked at food intake (Fig. 4). Low intake
of vegetables and, marginally, low intake of fruits and juices were
associated with HPV persistence in a cohort study.’® In a cohort of
women with low levels of fruit and vegetable intake, increased
dietary consumption of papaya, orange and broccoli conferred
strong protection to HPV persistence.?! Finally, a hospital-based
case-control study found a marginally s1%mﬁcant reduced risk of
ISC for high cruciferous vegetable intake.

In summary, although data were limited, a protective effect of
fruits and vegetables was possible for HPV persistence. No studies
were available on the association of fruit intake with cervical neo-
plasia, and evidence from the only study looking at vegetable
intake and cervical neoplasia was insufficient.

16,30,31

Discussion

Although there is some epidemiologic support for a role of diet
and nutritional status on cervical carcinogenesis, the available evi-
dence taking HPV infection into account is not yet convincing.
One of the most relevant new findings according to 2 recent pro-
spective studies is a possible and promising protective effect of
fruits and vegetables on HPV persistence. In relation to nutrients,
evidence for a protective effect on HPV persistence is possible for
some specific carotenoids, vitamin C and vitamin E. Evidence for
a protective effect of cervical neoplasia was probable for folate,
retinol and vitamin E and possible for vegetables, vitamin C, vita-
min B12, alpha-carotene, beta-carotene, lycopene, lutein/zeaxan-
thin and cryptoxanthin. Evidence for an increased risk of cervical
neoplasia associated with high blood homocysteine was probable.
Overall, conclusions for nutrients from studies taking HPV infec-
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tion into account do not differ substantlally from those previous
studies that did not control for it.®

Results did not differ between studies looking at preneoplastic
and invasive lesions or between retrospective and prospective
studies.

Finally, the consistent protective effects found in studies using
HPV persistence as an endpoint are especially relevant because a
p0551ble protective effect of diet and nutrmon on the cancer pro-
cess is more plausible for early lesions*” than for more advanced
phases of the disease process.

Limitations of studies

Evidence from strong study designs such as chemoprevention
trials and prospective studies is discouraging, although in a critical
review of all chemoprevention trials available by 2001, it was
pointed out that none of them had enough power to detect clinical
significant differences in response rates.*® Furthermore, most of
them have been carried out without adequate information about
the phase in which it could be more effective and about duration
of treatment and the length of follow-up needed to demonstrate an
effect.*’

Most observational studies included in our review were case-
control studies. Conclusions from case-control studies have to be
cautious because potential for selection and recall bias needs to be
considered. Also, the possible influence of the dlsedse process on
nutrient blood concentration has to be evaluated.”®

Only 4 studies looked at invasive cervical cancer. Thus, the
conclusions from our review are mostly relevant for preinvasive
cervical neoplasia. Half of reviewed studies looked at the effect
of nutrients on SIL without separating LSIL and HSIL. Dietary
factors that act in early phases of the natural history of the dis-
ease could be different than those acting in more advanced
phases. Folate and homocysteine were the only nutrients
assessed in different studies with respect to both invasive and
preinvasive disease. However, given the small number of studies
in each stage group and the inconsistent results, no conclusions
could be drawn on possible differences between low- and high-
grade SIL.

Another limitation of available studies that could partly explain
inconsistent results is potential mlsclassmcanon of nutritional or
dietary exposures and HPV infection.’’ With respect to HPV
assessment, misclassification due to differences in assay sensitiv-
ity is possible, leading potentially to residual confounding.

High correlation among specific nutrients or between nutrients
and other cofactors such as tobacco, OC use, multiparity or socio-
economic status could hamper the assessment of individual
effects. Particularly important is the possible confounding effect
of smoking and of oral contraceptive use on the assessment of the
effect of beta-carotene, folate and vitamin C.*°

Finally, insufficient power to detect statistically significant dif-
ferences between groups is a limitation of some of the available
studies. Seven of 23 studies had fewer than 100 cases and 6 studies
had 100-200 cases. Those numbers are not sufficient to detect dif-
ferences when stratifying by different outcomes.

Biologic plausibility

There are plausible biologic mechanisms by which dietary
factors may protect from progression of transient to persistent
HPV infection, SIL and ISC. Vitamins A and E regulate cell
differentiation and proliferation. 32 On the other hand, vitamin
C, vitamin E, carotenoids and other dietary constituents could
act as efficient scavengers of free radicals and oxidants.
These substances, which are produced during normal metabo-
lism and the inflammation process and which are also con-
tained in high amounts in tobacco smoke, could lead to
extensive damage of DNA, protelns and 11p1ds if not counter-
acted by antioxidant molecules.’® Products arising from lipid
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peroxidation and protein modification can interact in turn
with cigarette smoke products, creating additional toxic prod-
ucts. These products are thought to activate inflammatory
immune responses, which may play a relevant role in oxida-
tive tissue damage.”® Vitamins C and E could protect from
HPV persistence and inhibit cervical carcinogenesis by
enhancing immunologic functions and by modulating inflam-
matory response to infection.’®> Also, vitamin C, vitamin E
and other dietary constituents could inhibit DNA adduct for-
mation, which is induced by tobacco products and other
Chemlcals.52 3455 On the other hand, antioxidant nutrients
could modulate immune response and decrease viral replica-
tion and gene expression.” It is worth noting that smoking
and OC use, both established cofactors for cervical cancer,
could decrease circulating levels of carotenoids, vitamin C
and folate independently of intake.**>%

HPV, a necessary cause for cervical cancer, is integrated into
the host DNA, especially at fragile sites, and activation of specific
oncogenes appears to be a prerequ1s1te for cervical carcinogene-

Low tissue folate levels increase the frequency of fragile
s1tes on DNA, increase the risk of DNA damage by carcinogens
and viruses and increase the potential for chromosomal damage
and oncogene expression.*® Folate and vitamins B6 and B12 are
involved in DNA synthesis and repalr and in DNA/RNA methyla-
tion, which may play a role in virus integration and gene stabil-
ity. 89,4649 Global hypomethylatlon is an early epigenetic event in
cervical carcinogenesis and in vitro methylation selectively down-
regulates HPV 18 transcription. 4 Elevated plasma homocysteme
concentration may be involved in cervical carc1nogene51s since it
is a biomarker of disruption of one-carbon metabolism.?® Plasma
homocysteme increases when intake of folate, vitamin B12, vita-
min B6 and/or B2 are insufficient or by genetic variation in critical
pathway enzymes, such MTHFR .2

Future directions

At present, there are no published cohort studies on SIL and
few on HPV persistence that comprehensively assess suspected
nutritional or dietary factors controlling for HPV status. Thus,
further studies are needed, in particular prospective studies with
long follow-up periods and enough power to detect small effects.
It would be important to perform prospective studies in popula-
tions with a wide range of food intake. The following study
designs would be valuable: (i) prospective cohort studies using
HSIL and ISC as an endpoint; (ii) prospective studies on HPV
persistence, with multiple HPV measures at different points in
time; (iii) clinical trials looking at the effect of fruit and vegeta-
ble intake on HPV persistence and SIL. These trials would be
preferably conducted in populations with low fruit and vegetable
intake. Given the scarce number of studies on ISC taking HPV
infection into account, case-control studies on diet and ISC
would also be useful.

The use of serologic markers of HPV infection as a means of
HPV adjustment may prove valid with the introduction of newer
assays and the detection of antibodies against the most frequent
genotypes.

Control for all known or suspected cofactors such as tobacco,
parity and OC use would also be necessary, and investigation of
possible interactions of dietary factors with genetic polymor-
phisms found to be biologically relevant could be of interest when
looking at certain nutrients. Finally, further studies should assess
both usual food, mainly fruits and vegetables, and usual nutrient
intake through detailed questionnaires and, simultaneously, mea-
sure biochemical markers of nutrient intake.
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